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EMI DESIGN PHILOSOPHY
Vision
People restored by God and the world restored through design.

Mission
To develop people, design structures, and construct facilities which serve communities and the
Church.

Core Values
EMI revolves around the person of Jesus and serves the global Church to glorify God through:

Design: EMI works within the local context to design and construct culturally-appropriate
facilities that are sustainable, affordable, and transformational.

Discipleship: EMI develops people spiritually and professionally through intentional
discipleship and mentoring.

Diversity: EMI builds the Church by connecting people of diverse backgrounds, abilities
and ethnicities to demonstrate our love for God, our love for the nations and the unity we
share in Christ.

DESIGN GUIDE FEATURES

The purpose of this design guide is to support the vision, mission, and core values of EMI in
civil engineering design. The standards and procedures contained in this guide combine
experience of EMI staff and volunteers as well as many other external resources. Since each
project, client, and context is unique, this guide does not propose one-size-fits-all solutions.
Instead, it provides consistent methods for common EMI designs and it equips civil engineers
with a resource for evaluating alternative and appropriate designs where applicable.

This design guide contains hyperlinks and references to provide access to supporting
material. The user must ensure to have the entire and latest EMI Civil Design Manual folder,
which includes the EMI Civil Design Guide (this document) and all supporting files, to include
the following subfolders:

e Design Tools provide templates that aid in collecting information on the site and
processing data in Microsoft Excel. There are three subfolders:
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o Checklists to aid in Client Needs Assessments, Preliminary Research Guide
and Site Evaluations.

o Global Templates provide EMI standard design templates for EMI projects.
These templates should be used for the project for standard calculations.

o Testing Field Packets are printable guides that aid in Soil Testing, Solid Waste,
and Water Quality Testing and provide templates for collecting data.

e References provide external resources and supporting documentation for the topics
discussed in the design guide.

e Region Specific Guidelines provide information about the civil engineering practices
for available countries or regions.

e Training Videos provide videos for accessing the design guide file structure and how
to use templates.

DISCLAIMER

It is expected that the reader possesses the proper education/training to apply this
information properly; this Guide is NOT as substitute for professional expertise.

EMI works in many countries with no established design standards or code enforcement.
Therefore, this document complies with internationally accepted standards whenever
possible. The office specific detailed descriptions may include specific design standards for
the country where the office is located. For specific projects, any governing standards and
codes applicable to the site location take priority. Design shall follow the latest edition of the
local standards regardless of any specifications explicitly or implicitly set forth in this
document.

DETERMINING SCOPE OF WORK

As part of project planning, EMI staff will determine the scope of work for each approved
project. The project leader will coordinate with the design professionals to determine the
necessary design work required to support the overall project objectives and develop an
appropriate work scope with the designer(s) for the project. Civil Design Deliverables by
Project Stage and Type of Site outlines the typical deliverables/analysis that are required for
specific projects based on the level of design (conceptual vs. detailed) and type of site
(undeveloped or “greenfield” vs. modification to existing buildings). Experienced volunteers
can use the design guide to understand the level of detail expected for EMI project since it is
different from industry experience. While young professionals can learn how to design in an
EMI context.
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EDITION

This document is a living document and is intended to capture best practices for preliminary
design and provide a guide to up-to-date design information needed to complete EMI
projects properly. To continually improve the contents of this document, please provide your
project leader with feedback on any errors you find, suggested improvements we could
make, or your opinion on ways we could do things better. We are particularly interested in
adapting this manual to different cultural contexts in which EMI operates.

Table 0- 1 Edition History

List of Updates /

Edition Date Editors Comments
Global Civil Design May 2021 Jason Chandler, PE;
Guide Version 1.0 Natalie Thompson, EIT
e Bug fixes
e New sections:
A2.1.1 (ET
Global Civil Design August Jason.ChandIer, PE; Estimation), A7
Guide Version 2.0 2022 BJ Elkins, EIT; (Region Specific
David Hong Guidelines)
e New Subfolder:
Region Specific
Guidelines
CONTRIBUTORS

Many EMI staff and volunteers with expertise in Civil Engineering have contributed to this
Design Guide. Most of the sections were started from EMI's Uganda office and edited to apply
to a global context. A list of contributors can be found in Table 0- 3 List of Contributors serves
as a list of expertise to contact if there are additional questions.

FEEDBACK

This is a living document and a review committee will be reviewing the Civil Design Guide
and its' file structure on an annual basis. General feedback regarding the guide and platform
can be recorded on the User Feedback Form for Civil Design Guide. Any comments and
suggestions can be made on the Suggestion Form for Civil Design Guide. Any urgent error
that needs to be addressed before the annual review can be sent to Civil@emiworld.org.
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Table 0- 2 Civil Design Deliverables by Project Stage and Type of Site

. . Greenfield Existing Site
Deliverable Section - - Notes
Conceptual | Detailed| Conceptual | Detailed

Client Needs Assessment- Civil,

Client Needs 1.3 J J J J Existing

Assessment Client Needs Assessment- Civil
Greenfield

e : Site Evaluation- Civil, Existing

Initial Site Evaluation |14 4 4 4 4 Site Evaluation- Civil, Greenfield

Water Demand 2.1 J J J J EMI Water and Wastewater Design

Estimate Template--Daily Water Demand Tab
EMI Water Quality Testing Field

: Packet

Water Testing Results 23 4 4 4 4 EMI Water Quality Testing Results
Template

Water System 2.8 N4 v, | Summarize in report

Assessment

Existing/Demolition

Water Distribution 2.8 N4 V. | Template DWG (varies by office)

Plan

[P)'i"(s)tsicl)asjt?o\:wvitl(;; 2.8 V4 V4 V4 V. | Template DWG (varies by office)

, Standard and site-specific detail DWG

Water System Details |28 N4 N4 (varies by office)
EMI Soil Testing Field Packet

Soil Classification and | 3 4 EMI Water and Wastewater Design

Analysi - 4 4 4 4 Template-- i ]

ysis emplate--Percolation Tests and Soil

Classification Tabs
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Design%20Tools/Checklists/Site%20Evaluation-%20Civil,%20Greenfield.docx
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Design%20Tools/Global%20Templates/EMI%20Water%20and%20Wastewater%20Design%20Template.xlsm
Design%20Tools/Testing%20Field%20Packets/EMI%20Water%20Quality%20Testing%20Field%20Packet.pdf
Design%20Tools/Testing%20Field%20Packets/EMI%20Water%20Quality%20Testing%20Field%20Packet.pdf
Design%20Tools/Global%20Templates/EMI%20Water%20Quality%20Testing%20Template.xlsx
Design%20Tools/Global%20Templates/EMI%20Water%20Quality%20Testing%20Template.xlsx
Design%20Tools/Testing%20Field%20Packets/EMI%20Soil%20Testing%20Field%20Packet.pdf
Design%20Tools/Testing%20Field%20Packets/EMI%20Soil%20Testing%20Field%20Packet.pdf
Design%20Tools/Global%20Templates/EMI%20Water%20and%20Wastewater%20Design%20Template.xlsm
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Greenfield Existing Site
Deliverable Section Notes
Conceptual | Detailed Conceptual| Detailed
Wastewater Quantity | 4 4 J J J J EMI Water and Wastewater Design
Calculation o Template--Wastewater Quantity Tab
Wastewater System 4.1 o
Assessment 4.1 v V. | Summarize in report
Elr;posed Wastewater | 4, N4 N4 V. | Template DWG (varies by office)
Wastewater System | 45 J Standard and site-specific detail DWG
Details o (varies by office)
_ : EMI IDF Analysis Template
Rainfall Calcul 2.3
ainfall Calculations 4 4 4 4 EMI Stormwater Runoff Template
Existing/Demolition 5.3 , .
e i 2.5 V. | Template DWG (varies by office)
Proposed Site 5.1 . .
o A - 2.1 N4 N4 N4 V. | Template DWG (varies by office)
ite- ifi il DW

St Drainage Detals |51 y g |Standard and shespeciic detall WG

, Standard and site-specific detail DWG

5.2

Roadway Details 4 4 (varies by office)
Retaining Wal Detals | 53 y g |Standard and ite-speciic detail DG
Solid Waste Disposal | g 9 V4 v | EMI Solid Waste Field Packet

Details
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Preparation and Site Evaluation

11

1.2

13

PRELIMINARY RESEARCH

Prior to conducting a site visit, the team must conduct research and prepare to maximize the
limited time available on-site. This includes research through online resources and satellite
maps as well as questionnaires that the client can complete. This data provides a starting
point that is confirmed through in-person interviews, on-site evaluation, and coordination
with the rest of the design team. The following design tools are available and for
customization as necessary for the specific project.

Preliminary Research Guide- Civil provides research guidance for the designer(s) prior to the
site visit and will be archived as background information for the project.

Client Needs Assessment- Civil, Existing provides preliminary questions that the client can
answer for the specific project and location where existing facilities are present. This is to be
customized for the project and sent to the client via the project leader.

Client Needs Assessment- Civil, Greenfield provides preliminary questions that the client can
answer for the specific project and location where the site is vacant. This is to be customized
for the project and sent to the client via the project leader.

SITE EVALUATION EQUIPMENT

In addition to any general packing recommendations for a project trip or site visit, some civil
engineering specific tools and equipment may be necessary for the site evaluation
depending on the scope of the project. As part of the site visit preparation, the team must
make plans for getting any necessary equipment to the site. This could include equipment
for water testing, soil testing, and/or surveying. Consult with the project leader on the
availability of specific equipment from the EMI office. Refer to EMI Water Quality Testing
Field Packet, and EMI Soil Testing Field Packet which include packing lists for the specific
needs of surveying, water quality testing, and soil testing respectfully. These documents can
be modified to meet your project or office needs.

CLIENT MEETINGS

The initial meeting with the client will mostly focus on the clients’ vision for development.
Depending on the scope of the project, this may not get into details of civil engineering right
away. However, this is a chance for the civil engineer to begin verifying the preliminary
research and client needs assessment checklists. After the initial meeting, the civil engineer
can schedule to meet with the client to review (or complete) the client needs assessment.

If the site has existing facilities, include someone familiar with daily operations and a tour of
the existing facilities as part of this meeting. The EMI team may need to refrain from pointing
out issues to the maintenance personnel if it is unsolicited. This may cause embarrassment
and damage the relationship. Document any current issues and challenges as well as any
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needs perceived by the client, and/or plans for proposed development. Ask open-ended
questions that do not lead the client to specific responses.

SITE EVALUATION

The goal of the site evaluation is to gather all data necessary to complete the design without
requiring multiple visits. Due to time limitations, correct prioritization is essential such as
stakeholder meetings, sanitary surveys, maintenance tours, and data collection. In addition
to assessments that take place on the project site, visits may also be necessary to
neighboring sites, contractors, suppliers, and/or government offices to acquire necessary
information. Such visits will be coordinated through the client and the project leader. The
following design tools are available to assist with the site evaluation and are customizable
for the specific project:

Site Evaluation- Civil, Existing provides guiding questions and typical evaluations for a site
with existing facilities.

Site Evaluation- Civil, Greenfield provides guiding questions and typical evaluations for a
vacant site.

SITE SURVEY

Atopographical survey may be required for proper design of the civil features. In some cases,
a client may provide a survey before the project trip. It is important to review the survey
before the trip to get an idea of the land and any problem areas to look into once on site. If
a survey is not conducted and an EMI survey team is going during or prior to the trip, ensure
that information is collected around the site and specific to water and wastewater lines. If
there are bodies of water near the site, then surveying may be required off the property line
for stormwater modeling.
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Water

2.1

211

2.1.2

WATER DEMAND ESTIMATE

Estimating water demand is a critical design step for most EMI projects. The water demand
estimate is the foundation for evaluating design components such as water source selection,
distribution, storage, and treatment, as well as wastewater conveyance and disposal. There
are several methods for estimating water demand, but since many people can work on an
EMI project at different times, it is paramount that a typical method be followed and
assumptions documented clearly, so that others can follow the work that was done. Be sure
to look into the detailed descriptions for local regulations and applications.

DESIGN STAGE

Frequency of Use: All EMI projects involving water and wastewater designs will include a
water demand estimate.

Conceptual Design: Perform an initial estimate of the Average Daily Demand (ADDs) and
Maximum Daily Demands (MDDs) for the project. Depending on the project, the future
estimates may be by phase, or may be for the full buildout of the facility.

Detailed Design: Review and refine the initial demand estimates along with the detailed
design scope and any applicable masterplan changes to inform required site infrastructure
and building plumbing design. Estimate the peak-hour demand to use in sizing distribution

pipes.

DESIGN CRITERIA
An accurate estimate of water use will take into account many factors, such as:

e Actual usage from existing buildings on site by observing the tank volume over time
or installed water meters;

e Observations of typical water use within the specific local context;

o Determination of all water uses particular to a site and client application;
e Forecast of population and user type;

e Seasonal fluctuations in water use; and

e Guideline estimation criteria for different types of users and facilities that may be
country or region specific.

Water use in the developing world will typically be less than water use in many parts of the
developed world, primarily due to limited availability. Increased water availability will
typically increase water demand. For example, typical domestic water use for drinking,
bathing, cooking, etc. in the developing world can range from 10 liters per capita per day
(Ipcd) where water is carried long distances to the users, up to 150 Ipcd where water is piped
to a home or building. In some cases, domestic demands can be higher, particularly in more
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affluent urban areas or where a high concentration of foreigners are present, and this is to
be factored into the water use estimate. Other water uses for various institutions, irrigation,
animals, etc. must also be considered for the specific context of the project.

The average day demand (ADD) represents the average water usage on a typical day. This
can be calculated by observing typical usage on site or by using the tables in Appendix A2.1.
The maximum daily demand (MDD) is the highest expected use on any single day. This can
be estimated by using a peaking factor or by determining special events that would exceed
the ADD.

The following resources and tools are to be used in developing the water demand estimate:

e The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can inform the water
demand estimate.

e Appendix A2.1 Water Demand Estimate provides guideline tables for various
water uses in different parts of the world.

e References and additional resources can be found in R2.1 Water Demand
Estimate.

e The EMI Water and Wastewater Design Template is to be used as a starting point
for the estimate.

2.1.3 DESIGN PROCEDURE
Step 1: Review the information in Client Needs Assessment and Site Evaluation.

Step 2: Determine project lifecycle and phasing.

Step 3: Identify all existing and proposed water using facilities in the EMI Water and
Wastewater Design Template.

Step 4: Identify all the user types and total number of users for each facility at final
buildout.

Step 5: Estimate and input the water use for each user performing each activity at each
facility, in Ipcd. Use A2.1 Water Demand Estimate, office specific detailed
descriptions, Client Needs Assessment, Initial Site Evaluation, and other
observations from client meetings to inform these estimates. Include notes in
the spreadsheet to document assumptions.

Step 6: Verify calculations of ADD and MDD for each user type and facility type.

Step 7: Record water demand estimate in the appendix of the Project Report.
Appendix tables are included in the water demand template for this purpose.
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WATER SUPPLY SOURCE SELECTION

Selecting reliable water supply sources is an important part of providing for on-site water
demands. Consider all possible water sources regardless of initial opinions regarding
feasibility for development and use. Consider local regulations, including water rights, in the
evaluation.

DESIGN STAGE
Frequency of Use: All EMI projects involving water and wastewater designs will evaluate
water supply sources.

Conceptual Design: Perform an initial evaluation of available water supply sources for the
project using the design criteria and based on water demand (Section 2.1). There could be
multiple sources utilized depending on water demand, types of use, and availability.

Detailed Design: Collect more information regarding the selected source(s); verify capacity,
quality and reliability of the source. Detailed design will also include appropriate water
catchment structures, water storage facilities, and water conveyance/distribution systems
for each source.

DESIGN CRITERIA

Potential water sources are listed below in order of desirability, based on expected water
quality and ability to protect sources from contamination. The desirability/suitability of water
sources will be site specific.

1. Municipal water supply (piped water supply)—not available in all situations but if the
source is reliable and affordable than could be considered.

2. Drilled wells, existing or new future wells—recommendations for a well location can
be made but a professional driller will be required to determine optimum location
and cost.

3. Shallow/dug wells—EMI would like make a recommendation of the location and make
recommendations to the maintenance team of how deep to dig the well.

4. Springs—naturally clean water that should be contained to prevent contamination
from exposure to the environment.

5. Surface water—a stream or lake that could be used but would likely need treatment
because of exposure to the environment.

6. Rainwater harvesting—collected from the rooftops, would require further treatment
and analysis of rainwater data, see Section 2.3 Rainwater Harvesting for more
information.

7. Greywater reuse—water that has not been in contact with human waste that can be
treated for reuses, see Section 2.4 Greywater Separation and Reuse for more information.

The table below shows the suitability of a water source for the intended water use.
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Table 2.2-1 Water Source Suitability

Water source
Surface Surface  Groundwater Rainwater Rainwater Greywater
Water Water (springs, (without (after first
(Untreated) (treated) wells) first flush  flush)
Water use diversion)
Drinking X A A? X A4 X
Cooking X A A? X A4 X
Bathing A u A A3 A X
Irrigation A u A A A A
(Agriculture)
Toilet flushing A U A A A A
Note: A = Appropriate, U = Unnecessarily expensive, X = Inappropriate

Source: Mihelcic, James R., et al., 2009
Notes:

! Untreated surface water may not be suitable for bathing if it has schistosomiasis (worms that can
infect humans through water contact). This is common in Africa and also found in some areas of the
Middle East, Asia and the Caribbean.

2 Untreated groundwater may not be suitable for drinking or cooking (especially water from springs if
not properly developed and protected). Groundwater needs to be tested because it can be
contaminated in some cases.

3 Rainwater without first flush diversion can be too dirty for bathing and may need some minimal
treatment.

4 Rainwater, even after first flush, may not be suitable for drinking or cooking depending on where
and how it is collected. For example, roof rainwater can carry dissolved bird waste products and
chemicals or particles from the roofing material. Ideally, rainwater should be disinfected prior to
drinking and cooking use.

Simple water source data gathering can be performed to measure the following
characteristics:

. Flow rate: using a bucket and watch

« Quality: looking at a sample in a glass jar for how clear the water is and if it has any
smell

« Reliability: asking local maintenance staff/local residents
The criteria listed below should be considered when comparing water sources:

1. Quantity: The minimum quantity of water available at the source should be sufficient
to meet present and future demand, including seasonal variation in water demand
and supply capacity.

2. Quality: The source of water should meet the applicable quality standards for the
intended use. If not, determine level of treatment needed treat the source to water
quality standard up to the intended use (See Section 2.5 Water Quality Testing for
further information on water quality testing.)
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3. Cost: The capital as well as the operation and maintenance costs of the source should

be acceptable to the ministry. And if needed complete a cost benefit analysis to
compare viable options, see the EMI General Treatment Matrix Template for
guidance.

. Technology: Verify that the ministry has the appropriate technology (equipment,
power, treatment chemicals, etc.) and expertise to operate and maintain the water
source and associated water treatment and transmission facilities. Compare the
relative demands for operation and maintenance of each viable source.

Protection: The water source must be protected from present and future pollution
and contamination. Determine the vulnerability of each viable source to future
changes including groundwater depletion, weather pattern changes (longer dry
season, heavier storms), future development in the watershed for the source, etc.
Include a setback distance of 30 meters and uphill from septic tanks, soak pits,
property lines, livestock and animals and the water source, see Table 4.3-6 Setback
Distance Between Septic Tanks and Nearby Features and Table 4.5-7 Setback

Distance Between Absorption Systems and Nearby Features for more information.

Table 2.2-2 Setback Distances for Well Protection

Subsurface Sewage Treatment System (SSTS) Component (m\;Ve:::t-)
Buried sewer pipe 15 | 50
Cesspool 45 | 150
Greywater dispersal area 30 | 100
Holding tank 15 | 50
Leaching/seepage pit, dry well 30 | 100
Privy 30 | 100
Seepage land application site 30 | 100
Septic tank 15 | 50
Subsurface dispersal field 30 | 100
Subsurface dispersal field serving a facility with infectious or pathological 90 | 300
wastes

Watertight sand filter, peat filter, constructed wetland 15 | 50
Disposal area for water treatment backwash 30 | 100
Source: Minnesota Protection Control Agency, 2010, pg. 2

6. Proximity: Consider the proximity of the water source to the facility location
including distance and elevation. Land ownership, water rights, regulatory

requirements, and other water source demands need to be considered.
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7. Reliability: The water source needs to be reliable for the water demand that is
required and sustainable long term. Any equipment and infrastructure required
needs to be considered including pumping and availability of electricity.

The following resources and tools are to be used in selecting the water source:

e The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can inform the water
supply source selection process.

e References and additional resources can be found in R2.2 Water Supply Source
Selection.

e The EMI General Treatment Matrix Template can be used to determine a cost
benefit analysis if treatment is required for the water source.

2.2.3 DESIGN PROCEDURE

Step 1:
Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Complete and review Section 2.1 Water Demand Estimate.

|dentify all potential water supply sources at, or near, the project site. Consider
all of the sources listed under 2.2.2 Design Criteria. Eliminate any that are not
present or practical to use at the site.

Collect sufficient information about each of the viable water sources at the
project site, including the likely minimum capacity (including seasonal
variations) of the system, the expected quality of the water, reliability, and the
capital and operating cost of each viable source.

Ask the ministry, or local well drillers, if there are any well drilling reports
available for wells drilled at or near the site. Review the report, and any
anecdotal information about the performance of nearby wells, to estimate the
potential depth to groundwater, well yield, and water quality for any possible
new proposed wells.

Determine the suitability of each source for the intended use of the water.
Consult Table 2.2-1 Water Source Suitability.

Compare each viable source with the other options based on the criteria listed
under Design Criteria.

For wells, surface waters and springs, examine the required minimum setback
distances to ensure the water source (and if applicable, a replacement source)
can be located on the project site in accordance with these recommended
setback distances see Table 4.3-6 Setback Distance Between Septic Tanks and
Nearby Features and Table 4.5-7 Setback Distance Between Absorption
Systems and Nearby Features.

Consider the five criteria and appropriate setback distances, select at least one
primary water source and one secondary water source. Multiple source may
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be specified for different water uses (e.g. rainwater harvesting for cleaning,
and a well for drinking). Document the selection process.

Step 9: If an existing well will be used as a source, review the well testing report to
ensure the sustainable yield of the well is great enough to supply the
maximum water demand with the well pump running less than 12 hours per
day (see Section 2.9 Pump Selection). The well should recover to its original
water depth in less than 12 hours after the pump stops. If the existing well
does not have sufficient capacity, propose either a deeper, larger well or a
second well. If no well report is available, contact a well driller to perform a
pump test on the existing well to determine its capacity.

Step 10: Complete the preliminary design of the selected water source(s),
transmission and storage facilities, and overall water distribution system for
the site master plan. If new well(s) are proposed, suggest to the ministry
partner that the well should be drilled as soon as possible to ensure there is
adequate water available and to determine the exact position of the well(s).
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RAINWATER HARVESTING

Note that using rainwater or greywater for drinking water would require additional
treatment beyond this section, described in Section 2.6 Water Treatment. Rainwater is rarely
used for drinking due to the cost and complexity of treating it to a high enough quality to
allow for human consumption depending on the local requirements and practices.

DESIGN STAGE

Frequency of Use: Rainwater is not often used to supplement other water supplies, but can
be considered where potable water is very difficult or expensive to obtain. However, small,
simple rainwater capture systems are commonly used for small amounts of water used for
cleaning or irrigation. Rainwater is can be used for potable water but requires extensive
treatment and disinfection before they can be made suitable for human consumption.

Conceptual Design: Determine if rainwater capture is needed to meet the water demand of
the facility. If so, provide design recommendations for collection, treatment, piping and
storage for the system. Before recommending water treatment, ensure the client has the
resources and personnel needed to properly monitor and operate the treatment system.

Detailed Design: Refine the calculations for storage and provide a detailed piping design,
storage tank(s) and support designs as needed. Design any treatment system
recommended.

DESIGN CRITERIA

Determine the desired amount of rainwater storage. Stored rainwater provides water for
use during dry periods. The amount of water to be stored can vary from a small amount to
supplement other sources, or it can be designed to provide water throughout the year. To
provide a year-round source of non-potable water, there must be enough storage to meet
the demand during the longest anticipated dry period. The storage volume will depend on
the demand for rainwater and the frequency and duration of dry periods in the region.
Review historic precipitation records to determine the required storage time, then estimate
the storage volume by multiplying by the daily rainwater usage.

Using the EMI IDF Analysis Template, estimate the average storm intensity and duration.
This information allows you to calculate the normal rainfall amounts during wet periods. The
volume of rainwater available for capture can be calculated by multiplying the normal rainfall
amounts by the roof area being used to capture the water, and subtracting the first flush
water diverted during each storm even. Ensure there is sufficient roof area to generate the
required water retention volume (daily storage volume available equals the net water
captured per day minus rainwater used each day) during rainy periods of the year. Situate
one or more rainwater storage tanks near the buildings where rainwater is being captured.

In many cases, rainwater is seen as only a supplement to other sources and the roof area for
capture is arbitrarily chosen. This roof area multiplied by the rainfall intensity and duration
then determines the storage tank volume, assuming the tank will be sized to handle a certain
number of large rain events.
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Depending on the usage of the rainwater, this section will explain the primary treatment
required which can be used for non-potable uses. If rainwater is intended for drinking use,
then the treatment provided is preliminary and Section 2.6 Water Treatment would be
required.

Rainwater draining off of a roof or other hard surfaces often contains large amounts of
contaminants during the first few minutes of flow. This “first flush” rainwater will contain
dust, leaves, bird droppings, and other material. Most systems have a mechanism to collect
this first flush water and dispose of it after the storm is over. The first flush volume should
be 0.2 | per m? of capture area. The first flush volume is typically diverted into a tee that
directs the water to a storage device, (tank or large diameter pipe). Once the storage device
is full, water is directed to the rainwater storage tank for use. The retained first flush is then
disposed of onto the ground by manually opening a drain valve or by using a small drain
hole drilled in the bottom of the tank or pipe.

Considerations:

e Rainwater from a roof should be estimated and the first collection of rainwater should
be purged due to the solids collected. See Figure 1 for an example of a First Flush Tee
Device. Note that rainwater collection requires a solids trap for debris such as leaves,
dirt, bird waste, or anything else that is on the roof from which the water is being
collected, see Section 2.4 Greywater Separation and Reuse. The first flush bypass will
remove some of this material but the solids trap will remove any that remain.

To tank
Hall seals off

chamber

<’

-

Figure 2.3-1 First Flush Tee Device
e Rainwater collection systems require gutters, first flush diversion devices, screens,
and piping from the roofs to the storage tanks. If underground piping is used, a sand
trap can be installed prior to the holding tank.

e In some cases, the water can be used for higher quality uses after treatment,
disinfection, and distribution. In those cases, the water is filtered and disinfection
occurs, usually by chlorine addition, in addition to treated water storage and
distribution. Following the secondary treatment, the rainwater could be stored with
additional source water.

e See a proposed treatment system in Figure 2. Be aware that this kind of treatment
system requires well trained operators, consumable chemicals and supplies, reliable
electricity, and proper operation and monitoring to ensure the water is safe for
human consumption. Many organizations in developing countries cannot provide
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these resources and thus treating rainwater to drinking water quality is usually
not appropriate.

Al types of roofing
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Figure 2.3-2 Example Rainwater Catchment System
Source: https://www.watercache.com/rainwater/residential
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Figure 2.3-3 Example Rainwater Treatment Process
The following resources and tools are to be used in developing the water demand estimate:

The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can guide the conversation
of using rainwater harvesting.

References and additional resources can be found in R2.3 Rainwater Harvesting.
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Section 2 Water, 2.3 Rainwater Harvesting

e The EMI IDF Analysis Template can be used to determine the rainfall data for the
region.
e The EMI Rainwater Harvesting Template can be used to calculate the roof area

and

storage requirements for rainwater harvesting.

e More treatment options, visit the Akvopedia Water Portal and select Rainwater
Harvesting.

2.3.3 DESIGN PROCEDURE

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Calculate the rainwater runoff area needed based on the required storage
volume and the EMI IDF Analysis Template, and then determine the required
roof area using the EMI Rainwater Harvesting Template.

Design a first-flush device and solids trap for the system. Ensure the water
volume captured by the system is adjusted for the amount of water wasted by
the first flush diverter like the one shown in Figure 2.3-1.

Design a storage tank system to hold the anticipated volume. Based on water
quality testing (Section 2.6 Water Treatment) when treatment is needed,
determine level of treatment based on the intended use—non-potable or
drinking water. Identify technically suitable treatment alternatives. During
detailed design, select the proposed treatment system to achieve these water
quality criteria.

Design the piping, tanks and supports for rainwater collection, treatment and
distribution. Ensure there are no cross-connections between potable and non-
potable water systems.

Develop design report including figures/drawings, construction/installation
instructions, O&M requirements, and cost estimate as needed.
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GREYWATER SEPARATION AND REUSE

Greywater refers to wastewater from laundry tubs, showers, hand basins and baths. It
excludes wastewater from a kitchen, toilet, urinal or bidet. Greywater is not directly
contaminated by fecal material or other sources of human pathogens. Because the water
does not come into contact with human waste, it is as low strength wastewater with much
lower concentrations of BOD, nutrients and pathogens compared to sewage from toilet
wastewater (blackwater). Greywater, if it is segregated from blackwater, can either be
disposed of by soil absorption systems or reused for a non-potable use on site. In this
section, greywater separation will be discussed.

DESIGN STAGE

Frequency of Use: Greywater is not often used to supplement other water supplies, but can
be considered where potable water is very difficult or expensive to obtain and if
supplemental water is required for site gardens. Separate collection and disposal of
greywater is fairly common where this approach can reduce the cost of septic tanks enough
to justify the additional complexity of the sewer system.

Conceptual Design: Determine if greywater is needed to meet the water demand of the
facility. If so, provide design recommendations for collection, treatment, piping, storage for
the system, distribution to irrigation for gardens and outlet designs such as free-flow to
mulch, concealed flow within rocks or subsurface infiltration gallery. Before recommending
water treatment, ensure the client has the resources and personnel needed to properly
monitor and operate the treatment system. For greywater disposal only, design the
necessary sewer piping and related features.

Detailed Design: Refine the calculations for storage and provide a detailed piping design.
Design any treatment system recommended.

DESIGN CRITERIA

In an effort to reduce the demand on the potable water supply, or in an area with an
unreliable water source, greywater reuse may be considered. Reuse of greywater can be
recommended, but to be accepted by the end user, there must be considerations beyond
engineering judgement. Clients must be aware of the operational requirements to use either
system successfully. Treated greywater can be used for various non-potable uses like surface
cleaning (floors, sidewalks, walls), vehicle cleaning, laundry, animal care, irrigation, toilet
flushing (manual pour flush or cistern flush if suitable infrastructure exists to pipe
pressurized greywater to toilets). It is not recommended that greywater be reused for
drinking water.

In many cases, greywater is not needed to supplement the potable water supply so it can be
disposed of along with black water from toilets and kitchens. Since greywater usually does
not contain large amounts of solids or organic material, it can be discharged to the on-site
wastewater disposal system without pretreatment in septic tanks. This requires designing
separate sewers to collect the greywater and direct it to the absorption system'’s distribution
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box, bypassing the septic tank. A sand trap is usually included to remove heavy particles like
sand and soil to prevent premature plugging of the absorption system.

Risks of using greywater

Human health - Large numbers of disease causing organisms can be present in
greywater. These organisms may include bacteria, viruses and protozoa among
others. Transmission of these organisms can be through ingestion of greywater,
aerosols from spray irrigation and contact with contaminated items.

Environment - Long-term application of greywater containing contaminants can
affect sensitive plants and soils. These contaminants may include fats, oils, food
scraps, nutrients, salts like sodium and phosphorus, detergents, cleaning products,
sunscreens and personal care products.

Before recommending the greywater reuse, the potential appropriate uses of the water
should be estimated to ensure there is adequate need for this kind of water. The degree of
motivation the ministry partner has to manage and maintain the system should also be
assessed since it will require additional commitment to keep the system operational. The
benefits as well as potential risks and cost of greywater reuse should be discussed with the
client during the master planning effort to determine if this would be a desirable option to
pursue further.

Piping and Storage

Greywater will often contain a sufficient amount of organic matter to cause the water
to turn septic rapidly, resulting in odors and unusable water. The system should be
sized such that stored water will remain in the tank less than 24 hours to avoid this
problem. If the water is not all used by the end of the day, the tank should be
emptied. Because of this organic matter, sludge and biofilm can build up in the
bottom of the storage tanks, and pipes and pumps can plug quickly, causing
operational problems. The cost and complexity of a greywater storage and
distribution system should be carefully considered before making such a
recommendation.

For the case of a small facility, a bucket can be placed below an open sink drain and
manually transported to the point of use, or a short length of drain pipe can convey
the wastewater directly to the point of use (garden plot).

A dedicated piped system can be used for larger volumes of greywater especially in
public places like schools, restaurants and hostels among others. The piped system
limits contact between the user and the greywater hence ideal for the protection of
health.

If a client chooses to reuse greywater, a dual-plumbing system would be required that
separates the greywater from blackwater. Greywater collection systems should be
designed the same way as blackwater collection systems and distribution systems,
including long-sweep elbows, cleanout tees and access risers, to prevent plugging and
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allow periodic cleaning. Flow-splitter piping, fittings and controls should be designed
as required to provide the required greywater flow distribution to irrigated areas. If
greywater reuse for toilet flushing is required, tanks and pumping systems should be
designed as necessary. However, since greywater contains fewer solids compared to
blackwater, sewer diameter can be smaller. The pipes should be a 2% minimum slope
because even a small amount of sediment in greywater can cause problems, unless
sedimentation is provided for any wastewater discharge.

Treatment

Greywater can be treated to remove substances that may be harmful to plants, human
health, or the environment, or may clog the greywater reuse system. It can also help reduce
odors and biofilm buildup in storage tanks and piping systems for greywater distribution.
Several treatment options and applications are shown in Table 2.4-3 Suitable Greywater
Reuse Application According To Treatment additional treatment techniques are included in
the Appendix A2.4 Greywater Separation And Reuse.

Table 2.4-3 Suitable Greywater Reuse Application According To Treatment
TREAMENT GREYWATER REUSE APPLICATION
Coarsely filtered untreated greywater | Sub-soil irrigation
(excluding kitchen greywater)-greywater | Sub-surface irrigation
diversion device
Treated and disinfected greywater (to a | Sub-soil irrigation
standard of 20mg/| BOD5, 30mg/l SS and | Sub-surface irrigation
30cfu thermotolerant coliforms/100ml)- | Surface irrigation
greywater treatment system
Treated and disinfected greywater (to a | Sub-soil irrigation
standard of 20mg/l BOD5, 30mg/l SS and | Sub-surface irrigation
10cfu thermotolerant coliforms/100ml)- | Surface irrigation
greywater treatment system Toilet flushing
Laundry use
Source: New South Wales, 2000

Solids Trap—Required for Soil Absorption and First Step in Reuse

Greywater requires additional treatment compared to the sources in Section 2.2 Water
Supply Source Selection and separate storage from the other sources and treated water. The
first level of treatment is a solids trap, shown in Figure 2.4-1 Typical Solids Trap. Greywater
may contain soil, sand, or other solids that need to be separated.

The EMI standard detail is a 500mm sump, shown in Figure 2.4-2 Standard Solids Trap Detail
(For Greywater). Using a detention period of 45 seconds, the solids trap is adequate for a
flow of 4 |/sec. However, when designing for a larger population with many showers and the
greywater is expected to contain a large amount of soil, then the sump would need to be
bigger. Zurn Plumbing Products Group recommends recommend a 50 mm diameter inlet

Civil Design Guide @Tech @ 16




Global Guide Section 2 Water, 2.4 Greywater Separation and Reuse

pipe and 38 mm diameter outlet pipe. Screens can also be included at the outlet end of the
sump to prevent solids from escaping through the outlet pipe into the absorption system.
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Figure 2.4-2 Standard Solids Trap Detail (For Greywater)
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The following resources and tools are to be used in developing the water demand estimate:

e The Client Needs Assessment and Site Evaluation discussed in Section 1 include

sample guiding questions and evaluation criteria that can inform the water

demand estimate.

e Appendix A2.4.1 Greywater Treatment Options for additional greywater

treatment options:

o Filtration

o Sedimentation

o Reed bed filtration

o Sand filtration

o Anopen earthen lagoon
o Disinfection

o Solar Distillation Unit
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e References and additional resources can be found in R2.4 Greywater Separation
And Reuse.

e The EMI Water and Wastewater Design Template can be used to separate the
wastewater streams.

2.4.3 DESIGN PROCEDURE
Greywater Disposal to Absorption Field

Step 1: Identify the greywater streams. These may include wastewater from washing
machines, laundry tubs, showers, hand basins and baths.

Step 2: Calculate the greywater volume using the EMI Water and Wastewater Design
Template. In the template, columns can be added to quantify greywater and
black water (wastewater from kitchen, toilet, and urinal) separately.

Step 3: Design a sewer to collect the greywater and direct it to either a dedicated
absorption system or to the system used for disposal of septic tank effluent.
Use the volume to design the disposal system. The required setback distances
should be incorporated during the process of siting locations for these
systems. Refer to Section 4.3 Septic Tanks.

Step 4: Design a solids trap for the system as shown in Figure 2.4-1 Typical Solids Trap
and Figure 2.4-2 Standard Solids Trap Detail (For Greywater).

Step 5: Design the separate sewer system for greywater. Sewers should be designed
with the proper slopes to ensure that the greywater is safely delivered to the
absorption system. Refer to the Section 4.2 Wastewater Conveyance.

Step 6: Develop design report with drawings, cost estimates and general O&M
procedures

Greywater Reuse

Step 1: Identify the greywater streams. These may include wastewater from washing
machines, laundry tubs, showers, hand basins and baths.

Step 2: Design a solids trap, or other pre-treatment system as required, for each
segment of the collection system as shown in Figure 2.4-1 Typical Solids Trap
and Figure 2.4-2 Standard Solids Trap Detail (For Greywater).

Step 3: Calculate the greywater volume using the EMI Water and Wastewater Design
Template. In the template columns can be added to quantify greywater and
black water (wastewater from kitchen, toilet, and urinal) separately.

Step 4: Use the volume to design the treatment and storage system, if one is needed
to prepare the water for use, determine level of treatment based on the
intended use—sub-surface irrigation, surface irrigation, laundry, toilets, or
washing buildings. If greywater is to be used for irrigation, the layout and
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design of the crops or landscaping should be based on the projected volume
of greywater available.

Step 5: Design the separate sewer system to collect greywater for storage and
treatment as necessary.

Step 6: Design a treated water distribution system from the treatment system to the
point of use. Ensure there is no potential for no cross contamination with the
potable water system.

Step 7: Develop design report with drawings, cost estimates and general O&M
procedures.
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WATER QUALITY TESTING

Water quality testing may be important to determine if any contaminants are present in the
source water or if natural materials are present in high enough concentrations to cause
problems with the use of the water. Determining the water quality will inform appropriate
water treatment. Note that the EMI Water Quality Test Kits (Table A 2.5-15 EMI Water Testing
Kits Contents) are limited and the accuracy and precision of these tests is often low and care
is needed when assessing the results of the testing. If available, sending water samples to a
local laboratory that has an ISO certification would be beneficial.

DESIGN STAGE
Frequency of Use: Most projects with an on-site water supply.

Conceptual Design: Perform testing of all potential and existing water sources to determine
the need for water treatment.

Detailed Design: Repeat testing or submit samples for more complete or authoritative
analysis to a certified laboratory if a question remains.

DESIGN CRITERIA
Water Sources:

Groundwater

Arsenic and fluoride occur naturally in some groundwater aquifers. Both present a health
concern if levels are elevated. Elevated levels of nitrate/nitrite are typically caused by poor
quality subsurface sewage disposal practices. They may also result from infiltration of
agricultural fertilizers, although this is less common in developing countries where fertilizer
use is less common.

Iron and manganese also occur naturally. They are often found together. They do not
present a health concern but elevated levels of iron and manganese can make the water
unacceptable aesthetically, to the extent that people will not wish to use the source.

Unfortunately, treatment options for arsenic, fluoride, nitrate/nitrite, iron, and manganese
can be complicated and expensive. In some cases, a different source of water may need to
be used. Refer to section 2.6 Water Treatment.

The microbiological quality is a concern for any water, whether groundwater or surface
water. Generally speaking, if a groundwater well is drilled to below a confining layer and is
properly constructed with a sanitary seal, it should preclude microbiological contamination.

Depending on the well construction, including the well screen, and the aquifer matrix, a well
may produce sand, total dissolved solids (TDS), and/or turbidity. These could contribute to
making a water undesirable aesthetically, and could also interfere with disinfection, if
disinfection was needed.

Itis also possible that a groundwater source would have unacceptably high levels of alkalinity
and hardness. These are also aesthetic properties.
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Surface Waters

The microbiological quality is always a concern for a surface water source, whether a river or
lake. This may also be the case for springs. See the specific discussion on springs that follows.
A surface source is always vulnerable to microbiological contamination, with levels varying
depending on storm events and upstream activities of humans and animals.

The turbidity level of surface waters is a concern. It is not a direct health concern, but has
treatment implications. Turbidity will need to be reduced to make a water aesthetically
acceptable and to allow disinfection to be more effective. A challenge with measuring
turbidity in a surface source is that it may vary significantly seasonally or even daily because
of storm events. Measurements of turbidity during a site visit will provide at best a limited
understanding of the range and average levels.

Naturally occurring color in a surface water is also a factor to consider. Color may result from
organic or inorganic sources. Elevated levels of color may render a water source
unacceptable from an aesthetic perspective. Elevated levels of color may also interfere with
disinfection if ultraviolet (UV) light is used or may indicate a high chlorine demand. Color
could also result from industrial discharges into the water body, which may indicate other
contaminants are present as well.

If the location has seasonal variations in climate, it is helpful to know the range of water
temperatures. These may impact treatment decisions.

Generally, elevated levels of iron and manganese are not a concern in surface waters, but
this is not always true. There may be iron and manganese that accumulate in the streambed,
and they may periodically be released into the water column when there are reducing
conditions.

Springs

Ideally, a spring is a groundwater source, where the aquifer intersects the ground surface. In
this case, it may provide microbiologically safe water. The discussion about groundwater
quality would apply. A spring may be influenced by surface water runoff and if so, will not
reliably provide microbiologically safe water. The absence of turbidity spikes during storm
events can be an indication that the spring is a groundwater source. Another method of
determination is temperature—a spring will tend to have a constant temperature
throughout the year, such as water from a well will, if it is mostly or solely groundwater.

Parameters:

An explanation of relevant parameters is listed below. First priority should be to research the
local water quality standard, as a minimum WHO standards, shown in Table A 2.5-14 Global
Water Quality Standards of Appendix_A2.5 Water Quality Testing should be followed. The
USEPA and other national standards in this appendix may not be directly applicable in most
cases but might be useful for comparison.
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pH

While there is no health-based guideline, pH is important for all water sources because it
reflects the acidity of the water, which can cause scaling or corrosion in the distribution
system. Additionally, chlorine disinfection of water becomes less effective at higher pH. In
general, the pH should be below 8.0 for effective chlorination. The WHO recommends a pH
between 6.5—8.5 but an exact pH should be determined based on the composition of the
water and construction materials used in the water distribution system (WHO Guidelines
2017, pg. 227).

Microbiological

Microbial quality presents the greatest health risks for consumers of all potential
contaminants in drinking water. Microbiological contaminates can cause various health
issues, such as gastrointestinal illnesses, if consumed. Infants, elderly, and
immunocompromised individuals are at even higher risk for developing serious health
concerns from contaminated drinking water consumption. Typically, as water seeps into the
ground, microbiological contaminants are filtered and removed by microorganisms in the
soil as water returns to underground aquifers. However, ground water can still contain
microbiological contaminants even at significant depth. Leaks in well piping or improper
disposal of wastewater can also introduce microbiological contaminants into ground water
source. Groundwater can also be contaminated once removed from the ground by
improperly built storage tanks or cross contamination. Therefore, it is essential that ground
water be tested for microbiological contaminants at the time of drilling, tested on a regular
basis as the water is being used, and treated as necessary to sanitize the water.

Total coliform, are used to indicate the presence of bacteria in a water sample and the
general cleanliness of the water. Some coliforms have a fecal origin but other coliforms can
originate from the environment. As a result, the presence of total coliform does not
necessarily indicate the presence of fecal contamination or microbiological pathogens.
Therefore, the count of total coliforms in a sample of water from a tap is used to determine
if bacteria may be entering or growing in the system.
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Colitag, and other similar presence/absence microbiological provide information only about
the presence of bacteria, not the count of bacteria present. Other microbiological tests,
including Easy Gel, Pertifilm and AquaGenx methods, can be used to obtain a total coliform
colony count. The presence/absence test can also be used to determine if fecal coliforms,
specifically the indicator organism Escherichia coli (E. coli), are present. E. coli is a type of fecal
coliform found in human and animal feces. Some strains of E. coli cause diarrhea. An
illustration of the relationship between these different measurement parameters is shown
in Figure 2.5-1 Microbiological Contaminants Relationship Flow Chart. The presence of E.
coli in a water sample is the best evidence of fecal contamination in the water system and
suggests the water must be treated appropriately possible microbiological pathogens (WHO
Guidelines 2017, pg. 57).

/’E. Coli: is the major
species in the fecal
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not found in the

envrionment,

therefore it is the
indicator of fecal
pollution and possible
presence of

“/Total Coliforms: are\>.
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Fecal coliforms: are
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the gut and feces of
warm-blooded
animals.
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Figure 2.5-1 Microbiological Contaminants Relationship Flow Chart
Source: WHO Guidelines 2017, pg. 295 & New York State Department of Health, 2004.

Types of Microbiological Contaminants

Bacteria: Single-celled organisms lacking well-defined nuclear membranes and other
specialized functional cell parts which reproduce by cell division or spores. Bacteria may be
free-living organisms or parasites. Bacteria (along with fungi) are decomposers that break
down the wastes and bodies of dead organisms, making their components available for
reuse. Bacterial cells range from about 1 to 10 microns in length and from 0.2 to 1 micron in
width. They exist almost everywhere on earth. Some bacteria are helpful to humans, while
others are harmful. Bacteria are easily treated by filtration or disinfection.

Viruses: Parasitic infectious microbes, composed almost entirely of protein and nucleic
acids, which can cause disease(s) in humans. Viruses can reproduce only within living cells.
They are 0.004 to 0.1 microns in size, which is about 100 times smaller than bacteria. Most
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viruses can be treated by disinfection. Most water filters do not remove viruses but some
special types of filters are designed to remove viruses as well as bacteria.

Protozoa: Capsules or protective sacs are produced by many protozoans (as well as some
bacteria and algae) as preparation for entering a resting or a specialized reproductive stage.
Similar to spores, cysts tend to be more resistant to destruction by disinfection. Fortunately,
protozoan cysts are typically 2 to 50 microns in diameter and can be removed from water by
fine filtration. The most common types of protozoa in drinking water are giardia and
cryptosporidium. Protozoa are infectious at small numbers and resistant to chlorine, but
easily removed by filtration methods with a pore size small enough to eliminate them (Water
Quality Association).

Turbidity

Turbidity, or cloudiness, of water is an important physical parameter to maintain in a potable
water system. Turbidity accounts for the suspended solids such as clay, silt, and other
organic matter in a water source. Turbidity can be tested by shining a light through a water
sample and measuring how much light is scattered by the suspended particles. The more
light that is scattered, the higher the turbidity of the water. The standard for turbidity is 4
Nephelometric Turbidity Unit (NTU) while disinfection requires at least 0.5 NTU, but
averaging 0.2 NTU or less to be disinfect successfully (WHO Guidelines 2017, pg. 285). While
turbidity is not necessarily a health concern itself, particles in the water can shield pathogens
from chlorine and prevent them from being inactivated. This increases chlorine demand, the
total amount of chlorine needed to maintain the target residual, and can also cause
sedimentation in the tanks and pipes. Highly turbid water entering small filter membranes,
such as reverse osmosis (RO) units, can overwhelm and damage the fragile internal
membranes resulting in more operation and maintenance costs. For these reasons, it is most
often necessary to reduce the turbidity in water before it begins other treatment or enters
into a distribution system. The most common method of turbidity treatment found locally is
sand filters or sedimentation basins.

Turbidity can be measured in the field using an electronic turbidimeter. Other methods, such
as a secchi disk, use a visual method estimate turbidity

Total Dissolved Solids (TDS)

TDS is another physical parameter of water that refers to the dissolved salts, ions and other
molecules dissolved in water. Testing for TDS provides information only on the amount of
dissolved solids in the water, and not the type of them. While there is no health-based
guideline for TDS, the palatability of water less than 600 mg/L is considered good while above
1,000 mg/L becomes increasingly unpalatable (WHO Guidelines 2017, pg. 285). Elevated TDS
levels can cause the water to be more corrosive and damage water piping or contain a
“brackish taste.” The U.S. Geological Survey states that most of the dissolve solids include
calcium, magnesium, sodium, potassium, bicarbonate, sulfate, chloride, nitrate, and silica
which can form salt compounds in the water (USGS, 2020). The dissolved ions that result in
a high TDS value can include ions such as nitrates, lead, and copper, which present their own
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health risks (Oram, 2020). TDS is measured in the field using electronic meters that use the
conductivity of the water as a surrogate for the amount of dissolved material.

Chlorine Residual

Microbiological contaminants can be treated in a water system using chlorine. The chlorine
dose must be calculated to treat all microorganisms and maintain an adequate chlorine
residual in the system to ensure the distribution system piping remains clean. Additionally,
chlorine requires a calculated contact time related to the volume and flow to treat all water.
Since chlorine will be “used up” to treat contaminants in the water, one can determine if
sufficient chlorine is being added to the water by testing for residual free chlorine. If
adequate free chlorine residual is present, it can be concluded that all the microbiological
pathogens in the sample have been eliminated since chlorine remains in excess. A free
chlorine residual of 0.2-0.5 mg/L upon receipt by the consumer should be maintained to
ensure no microbiological contamination in the distribution system (WHO Guidelines 2017,
pg. 141). If water is clear (less than 10 NTU) then the chlorine dose should be 2 mg/L and if
the water is turbid (above 10 NTU) then the dose should be approximately 4 mg/L (WHO
Guidelines 2017, pg. 141).

Equation 2.5-1 Residual Chlorine Calculation
Chlorine Dose — Chlorine Demand = Residual Chlorine

Chlorine residual can be tested for using test strips, manual color wheels or digital
colorimeters. For test strips the strips are placed in the sample of water and then removed.
The color which appears on the strip after a certain time has passed is then compared to the
chart on the side of the test stripe bottle, the hue is associated with a chlorine residual. A
more accurate testing method is a manual color wheel. For the color wheel test a sample is
collected in a test tube and a powdered reagent is added. The chlorine in the sample water
reacts with the reagent and changes color, the color of the water is compared to a color
wheel using a holder/viewing device, the matching color on the wheel is the chlorine value.
A digital color meter works the same way as the color wheel except the color value is read
optically by the meter instead of manually by eye.

Nitrate/Nitrite

Nitrate (NOs) concentration is a physical property of water. High nitrate concentrations are
common in ground water sources, especially in rural areas. Consumption of nitrates can
pose serious health risks for infants by causing methemoglobinemia, also known as “blue-
baby” syndrome. Due to its impacts on infant health, the standard maximum permissible
limit for nitrates in drinking water is 50 mg/L as NOs (WHO Guidelines 2017, pg. 183,196).
Note to convert from units of nitrogen (NO3-N) to nitrate (NO3), multiple the value by 4.427.
A typical cause of high nitrate concentration in ground water is from fertilizer and
wastewater. The presence of nitrates in water can also be indicative of other contaminants
including microbiological contaminants and pesticides in the water.

Nitrite (NO,) can be chemically reduced from nitrate and nitrite can be chemically oxidized
to form nitrate depending on the nitrifying bacteria found in the soil. Nitrite can cause
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additional health implications for adults if consumed. However, if nitrate levels are
maintained to be below the standard of 3 mg/L as NO,, the health risks of nitrite are
mitigated (WHO Guidelines 2017, pg. 183).

Nitrate testing in the field can be done using test strips, color wheels, or electronic
colorimeters.

Total Hardness

Hardness is the amount of calcium and magnesium or other dissolved minerals in the water.
Especially with groundwater there can be high hardness. The USGS guidelines for
classification of waters are: 0 to 60 mg/L (milligrams per liter) as calcium carbonate is
classified as soft; 61 to 120 mg/L as moderately hard; 121 to 180 mg/L as hard; and more
than 180 mg/L as very hard (USGS, 2021). Depending on the hardness of water, corrosion
can be determined. The Langelier Saturation Index (LSI) can be used to determine the
solution’s ability to dissolve or deposit calcium carbonate based on pH, temperature, calcium
hardness, total alkalinity, and total dissolved solids. See Equation A2.5-2 Langelier
Saturation Index for the calculation information.

Office Test Kits

Each office may have different test kits, however the US office has a relationship with Hach
Company in Colorado that manufactures and distributes most of the products in the EMI
Test Kits, contents are shown in Table A 2.5-15 EMI Water Testing Kits Contents.

If an office requires any tests, contact the WASH coordinator, Jason Chandler.

Many of the tests are very low tech, especially the test strips, and are a good indicator if there
is a serious concern. More precise measurements should be taken if there is a parameter of
concern. Due to the complexity of water quality standards, and EMI's limited analytical tests,
which only give a rough indictor of water safety, EMI is not capable of determining if a given
water system is safe to drink. EMI personnel should refrain from stating that a water supply
is safe based on the field tests performed. Even if the tests performed did not identify a
problem, the water could become contaminated during storage or use, or parameters that
were not tested could make the water unfit for human consumption (a common example of
this is fluoride, which is difficult to analyze in the field but is a common contaminant of
groundwater in Africa).

The following resources and tools are to be used for water quality testing:

e The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can inform the strategy for
water quality testing on site.

e Table A 2.5-14 Global Water Quality Standards shown in Appendix A2.5 Water
Quality Testing provides a list of water quality parameter guidelines from WHO
and USPEA in addition to a brief explanation the health concerns.
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e [Equation A2.5-2 Langelier Saturation Index shown in Appendix_A2.5 Water
Quality Testing provides details on how to calculate corrosivity in water.

o Table A 2.5-15 EMI Water Testing Kits Contents shown in Appendix A2.5 Water
Quality Testing provides a list of the testing supplies EMI typically uses.

e References and additional resources can be found in R2.5 Water Quality Testing.

e The EMI Water Quality Testing Field Packet provides information that is relevant
for field work and can be easily printed. The following is provided:

o Water Quality Testing Packet List that can be modified to meet project
needs.

o Water Quality Testing form that can be modified and printed to document
water quality testing results in the field. These forms should be scanned
upon returning from the project trip as a way to log the water quality
testing done in the field.

o Water Quality Testing Procedures that include instructions and pictures for
the EMI test kits.

e The EMI Water Quality Testing Results Template provides a template to log field
results from the project trip and compare to WHO or national water quality
standards.

2.5.3 DESIGN PROCEDURE
Step 1: Review the client questionnaire to determine if any water quality testing has
been done previously and if there are any parameters of concern and how
many testing sites are present.

Step 2: Use the packing checklist to prepare for your project trip and print enough
water sampling forms.

Step 3: During project trip collect water samples, conduct the appropriate water
quality tests, and record results in the water sampling form. If there is a
parameter with results high enough to be of concern, look into a local ISO
certified lab to do further testing.

Step 4: Compile results in the EMI Water Quality Testing Results Template.
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WATER TREATMENT

The need for water treatment will depend on the quality and consistency of the water supply
as well as the quality of the design, operation, and maintenance of the distribution system.
Due to the unreliability of field bacterial testing results, and the fact that EMI is not involved
with ongoing testing, maintenance or and monitoring programs for client ministries after the
design or construction is complete, EMI typically suggests that drinking water should be
treated even if the original source testing results (if such testing was done during the design
phase) indicated no contamination was present. Such treatment can involve centralized
treatment of the source or point-of-use treatment of only the water used for drinking or
cooking. If initial testing indicates the source is known to be contaminated, of likely to
become contaminated in the future, a water treatment system should be included in the
project design.

When designing a water system, consult local sources to determine if there are any regional
regulations in effect that govern design, installation, and testing of water supply, treatment
or distribution systems.

DESIGN STAGE
Frequency of Use: Most projects with an on-site water supply.

Conceptual Design: Determine the need for treatment of water at the source. If source
treatment is needed, research locally available water treatment options and make
recommendations. This may involve visits to nearby facilities and discussions with local
vendors. If only point-of-use treatment is being suggest, provide several locally-available
options that the client can implement. Consider local acceptability of water treatment
options before making recommendations. For example, some cultures will not drink water
with the taste of chlorine or water that has been boiled. If centralized treatment is
recommended, prepare a preliminary selection and sizing of the recommended system.

Detailed Design: Conduct further water testing and analyses. For complex treatment
schemes, a pilot test of the treatment process may be needed. Reassess the preliminary
selection of the treatment approach and verify the sizing of facilities, identification and
recommendation of specific equipment, complete the hydraulic design, and possibly
prepare detailed construction drawings.

Ensure the client has the financial and personnel resources to operate and maintain
such a water treatment system. If there are doubts the client can properly operate
and maintain the facility, consider looking for an alternate water source that does not
require treatment.

If only point of use treatment is being recommended, no detailed design is required.

DESIGN CRITERIA

The type of source water described in Section 2.2 Water Supply Source Selection and based
on the water quality testing results as described in Section 2.5 Water Quality Testing will
impact the water treatment design. When the source is a properly constructed deep well,

Civil Design Guide @ —h 9 28




Global Guide Section 2 Water, 2.6 Water Treatment

that is regularly tested to show it is free of bacterial commination at the source, and the
produced water is regularly tested at several points of use, it may be possible for the client
to provide water without treatment. An ongoing testing program is needed to verify the
source remains clean and the water throughout the distribution system is clean to ensure
the water is safe to drink without treatment. When the quality of the source is poor or
unreliable, or the storage or distribution systems are subject to contamination, low pressure,
leakage, cross contamination, or poor maintenance, treatment of the water is
recommended. Such conditions are very common in developed countries, and thus water
supplied by such systems should usually be considered potentially contaminated.

e Piped municipal source: Water provided by a government agency may be
improperly treated, treatment may be incomplete (inadequate chlorine to keep it
clean in the pipeline), or it can be contaminated by dirty water entering the pipe
during periods of low water pressure. The primary concern is microbiological
contamination. The safest approach it is to provide point-of-entry disinfection or
point-of-use disinfection for only the drinking water.

e Well: Water from drilled wells may be safe and may not need to be treated if the well
was installed properly and the sanitary seal remains in good condition. Ideally, well
water should be periodically tested by a qualified laboratory to ensure it remains safe.
However, if the quality and integrity of the well is uncertain, or if the well has not been
tested to confirm the water is clean, the water should be disinfected before
consumption. As noted in Section 2.5 Water Quality Testing, water produced from a
well may require treatment for other parameters, including arsenic, fluoride, iron,
manganese, or nitrates.

¢ Surface water (streams, lakes, shallow wells, unknown sources): Water collected
from untreated, natural sources, including surface water and shallow, hand-dug wells,
will require treatment for microbiological contaminants and particulate removal. For
disinfection to be effective, the sediment and suspended material needs to be
removed. Both centralized and household treatment systems can be considered.

Determining Water Treatment System

There are two general categories for water treatment: centralized and point-of-use (POU).
Centralized systems may consist of treatment of a water source developed for a facility (e.g.,
iron and manganese removal treatment for a new well) or may consist of point-of-entry (POE)
treatment which is a subset of centralized treatment, for a city supply to a facility. POU
treatment may consist of treatment installed for a single faucet or group of faucets (e.g., a
kitchen area), or it may consist of installation of household-scale treatment for residences in
a facility.

Point of Use Treatment Systems

A POU treatment system should be suggested based on the water quality and needs of the
campus. Selecting a system that is locally available and easily trainable is also essential. See
Appendix A2.6.1 Point of Use Treatment for Low Turbidity Waters and Appendix A2.6.2 Point
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of Use Treatment for Surface Water for a list of EMI's recommended POU systems. The
choice of a POU system is usually up to the client once construction is complete. However,
EMI can provide suggested alternatives based on an assessment of locally available systems.

Centralized Treatment Systems

Centralized treatment plants may not be desirable because of the complexity of operation,
availability of replacement parts and consumable chemicals, and high potential for
contamination if not properly operated or maintained. Some larger clients such as hospitals
or universities may utilize a centralized treatment plant since they would have the resources
to operate them properly. In order to consider designing centralized treatment for a
ministry, the minimum requirements would be a robust a maintenance program with
personnel that have the required technical knowledge, a treatment system design that
includes components and consumables that can be sourced locally in the event of repairs or
replacements, the clients ability to properly maintain and operate the system, and a
commitment to ensuring regular and routine testing to ensure treated water is meeting
target standards. A matrix of various treatment systems available is a good resource to
create if considering a centralized system. If a centralized system is considered, local
suppliers should be contacted and supplied with the relevant site-specific water quality
information to provide options of treatment equipment available locally. Developing a water
treatment matrix can be helpful to see the benefits of each type of system, the EMI General
Treatment Matrix Template is a good start. It might be wise to consult local water engineers
or NGOs that provide water treatment systems to get advice on suitable water treatment
options, if such exist in the project area.

The following resources and tools are to be used in developing the water storage design:

e The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can inform the water
treatment design process.

e Appendix A2.6.1 Point of Use Treatment for Low Turbidity Waters and Appendix
A2.6.2 Point of Use Treatment for Surface Water are helpful researched lists of
water treatment.

e References and additional resources can be found in R2.6 Water Treatment.

e An example matrix to compare treatment technologies can be created using the
EMI General Treatment Matrix Template. The following information should be
researched for each treatment:

o Methodology

o Product Examples

o Advantages and Disadvantages
o Operational Requirements

o Capital Cost
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o Life Cycle Cost

2.6.3 DESIGN PROCEDURES
Step 1: Review source water Section 2.2 Water Supply Source Selection and the water
quality testing results as described in Section 2.5 Water Quality Testing.

Step 2: Determine the campus needs—either POU or centralized.

Step 3: Research locally available technologies and maintenance capabilities of the
ministry team.

Step 4: Complete a water treatment using the EMI General Treatment Matrix
Template to determine the best options for satisfying centralized, POU or
centralized treatment needs that are sustainable in the local context.
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WATER STORAGE

Water storage design aims to accomplish several goals, including balancing diurnal swing of
water demand, providing pressure to a water distribution system, and providing
uninterrupted water supply during temporary water source failures. Water storage can also
be a factor in the water treatment design process, such as allowing sufficient chlorination
contact time, or to allow a water treatment facility to operate at a constant rate, as opposed
to matching the fluctuating demand (diurnal swing).

DESIGN STAGE
Frequency of Use: Most EMI projects involving water demand will provide a
recommendation for water storage.

Conceptual Design: Determine desired number of days and volume of water storage, size
water storage tanks/facilities, and identify water storage locations and elevations within the
project area. Determine if facility will be served by a single pressure zone (with multiple
reservoirs, if provided, set at the same maximum water level) or if multiple zones will be
used. If multiple pressure zones, consider if storage will be provided in each or how storage
provided in an upper zone will also serve a lower zone.

Detailed Design: Provide detail drawings on non-standard water storage facilities (vaults,
concrete tanks, reservoirs etc.).

DESIGN CRITERIA
An accurate water storage design takes many factors into account. Below are several
important considerations in the water storage design process.

Diurnal Swing of Water Demand

Although the water demand is usually calculated in terms of Average Daily Demand, water
demand fluctuates throughout the day. It is important to ensure that the water storage
provided will act as a sufficient buffer to withstand the increased demand during the peak
periods.

The peak flow factor can vary widely depending on the type of facility and the size of the
population it is serving. A larger population will typically result in a smaller peak factor, and
a smaller population will typically result in a larger peak factor.

The pattern of water demand can also vary depending on the type of facility. For instance, in
largely commercial water networks, demand tends to peak in the middle of the day, whereas
in general population networks, demand peaks in the morning and evening.
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Figure 2.7-1 Example Water Demand Patterns
Left: Commercial/Hospital. Right: City of Amsterdam

Source: Trifunovic, 2006

This is especially considered when a low-volume water source is used to re-supply the on-
site water system. It is possible that water pumping or retrieval may be required at night to
meet the higher demands of the daytime. In these cases, it is important to supply enough
storage to meet these daytime demands.

Irrigation can also create a large peak in water demand. The timing of irrigation will also be
an important consideration on the demand from the system. Timing the irrigation to avoid
peak demand periods may be crucial in maintaining adequate pressure and supply.

Pressure of Water System

In many EMI designs, elevated water storage provides pressure to a distribution pipe
network with little or no need for booster pumps. While not the only factor in determining
pressure, the elevation of water storage tanks will play a large role.

For this reason, central water storage facilities are often located at the high end of the site
to facilitate pressure by gravity. However, proximity to the water source is also something
that should be considered in locating water storage facilities to reduce the length of required
piping.

Note that operating pressures will be lower in most developing world settings than in
Western countries. An operating pressure at most fixtures of 1-2 bar (approx. 14 to 28 psi) is
generally acceptable, and a pressure of 4-5 bar (approx. 56 to 70 psi) is the maximum. It will
also be important to think about any water facilities that may need higher water pressure
than typical fixtures.

In most designs it is generally preferred to have a single pressure zone. This reduces system
complexity and need for additional equipment. However, there may be some cases that
multiple pressure zones may be necessary, such as sites with large elevation differences. In
these cases, be sure to specify how these pressure changes will occur. While pressure-
reducing valves (PRVs) can enable a higher pressure zone to supply a lower zone, they are
mechanical devices requiring frequent maintenance to ensure reliable operation. If
specifying multiple pressure zones, stress the importance of keeping the pressure zones
separate.
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Volume of Water Storage Provided

There are many factors that will play into ascribing the actual volume of the water storage
provided.

Types of Water Storage to consider
e Operational Storage (volume needed to meet daily demands of site)
e Equalizing Storage (related to the diurnal swing mentioned previously)
e Emergency Storage (need for reserve water in case of failure, discussed more below)
e Fire Suppression Storage (usually not required, check with local requirements)

Consequences of temporary failure in water source

In the event of a failure in the water system, there are several factors to think about when
determining the amount of storage-days provided for the site:

e Importance of maintaining uninterrupted supply of water to users (e.g. it is usually
more important to maintain supply in a hospital than in a school).

e Reliability of water source(s)
e Number and variety of water sources (design redundancy)
¢ Availability of qualified technicians for repair

Tank Design

e Unusable storage in water tanks (outlet pipes are usually installed several inches from
the bottom of the tank). Typically, this is a 2-5% adjustment, but engineering
judgement should be used.

e Pumps that feed water storage tanks often operate on a float switch that will turn on
the pump when the water reaches a certain level, meaning that the water storage
tanks will often not be full.

Further tank design considerations are discussed below.
Water Storage Tank Design and Appurtenances

When considering materials for the water storage tanks, manufactured plastic water storage
tanks are typically recommended on EMI projects. These tanks are usually readily available
in most countries, making the replacement and repair of the water storage system much
simpler (in most cases).

When considering the quantity of tanks to hold the required volume, a battery of tanks is
usually recommended over a single large tank. A battery of tanks allows maintenance or
replacement of one of the tanks to occur without disrupting the water supply to the site.
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If providing detail drawings, storage tanks should always include:

Screened vents (with a downturned elbow being ideal)
Valve drain
Overflow with a screened outlet or flap valve
Access hatch.
Options to consider:
o If hatch should include a hasp and lock
o Water level gauge

o Method of interconnecting tanks to allow for removing one for
service/maintenance and to accomplish the desired flow pattern, whether in
series or parallel.

Other Considerations

Existing water storage facilities should be examined for reusability and need for
maintenance or improvements.

Local and regional water storage regulations, practices, and available products should
be considered and carefully adhered to where appropriate and safe. In rare cases,
local practice (or even code requirements) will require water storage provisions for
fire suppression. In this case, consult the local code and engineers for these design
provisions.

Cost implications, both initial and recurring should be considered when proposing
solutions. Seek for ways to reduce cost to the client if possible and safe.

As previously mentioned, water storage can also factor into water quality designs, like
allowing sufficient chlorine contact time or allowing a water treatment facility to
operate at a constant rate, despite fluctuating demand.

In some water systems, it may be desirable to only treat water for certain uses. For
instance, if a project includes irrigation for crops it may not be necessary (and perhaps
less economic) to treat such water. In these cases, it could be advantageous to specify
both untreated and treated water storage.

Provide sample taps upstream and downstream of storage tanks to facilitate water
quality measurements.

The following resources and tools are to be used in developing the water storage design:

e The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can inform the water
storage design.

e References and additional resources can be found in R2.7 Water Storage.
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e The EMI Water and Wastewater Design Template includes a tab for water storage
that will link to the water demand for the site. This template allows for the
possibility of a single and/or multiple storage locations.

2.7.3 DESIGN PROCEDURE

Step 1:

Complete and review information in Client Needs Assessment and Site
Evaluation.

Step 2: Determine desired water storage (in days of storage and volume). Include any

Step 3:

Step 4:

Step 5:

adjustment factors, such as unusable water volume in tanks, design
redundancy, etc. Traditionally EMI has recommended at least two days of
reserve water storage as a starting point but may vary based on factors listed
in Section 2.7.2. Volume required is typically calculated by using the Average
Day Demand (ADD) determined in Section 2.1.Water Demand Estimate

Determine whether water storage will be in a single, centralized location, in
several locations, or a combination of both. Determine location(s) of water
storage facilities. Evaluate the pressure head that will be provided to
determine the desired elevation for storage. Based on this evaluation,
determine if a tank stand will be needed and what its base height should be.

Determine the quantity and size of tanks, to provide the required storage
volume. Coordinate location(s) and space required with architects. Provide
detailed design drawings if necessary.

Write all assumptions, summarize design, and record results in report. Keep
longer calculations and large tables in the Appendices.
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WATER DISTRIBUTION

Water distribution is the system that transports water from the source, through any water
storage and treatment facilities, and to all of the various water users at the site. Such systems
are designed to provide water at a sufficient pressure to prevent contamination even at the
highest expected flow rate. Different methods of calculating peak flows and different
assumption about timing of water usage onsite can produce dramatically differing results
and engineering judgment is always needed in the design of water distribution systems. The
designer must have a very thorough understanding of the fixtures and usage patterns on
the site as well as a strong understanding of the benefits and downfalls of the various
methods for calculating peak flow.

Other types of water distribution systems may be required depending on the project. These
include gravity water pipelines from springs, water for agricultural purposes, or fire-fighting
water systems. This section does not cover these types of systems.

DESIGN STAGE
Frequency of Use: Projects that include any water distribution at concept or detailed level
of design.

Conceptual Design: Determine the preliminary layout for the main water distribution
system. Identify approximate pipe sizes for main pipe loops based on calculated peak flows
in the system. Determine the volume, location and height of required tanks and if the water
distribution system is gravity flow, or if pumped systems or segments are required.

Detailed Design: Refine the piping system design as the site layout matures. Determine final
pipe placement, pipe sizing and type, as well as appurtenances needed, trenching and
supports for above grade pipe sections (including elevated pipe stands/towers as applicable).
And storage tank height, type and size, see Section 2.7 Water Storage. If pumped systems
are required, the location, flow rate and pressure, and types of pumps required need to be
designed, see Section 2.9 Pump Selection. If very high pressures are encountered from
collection of spring water high on a mountainside, for example, pressure regulation might
be required to reduce the water pressures to safe values—final design should include this
as necessary. Prepare construction drawings for installation. For irrigation pipe design, pipe
turnouts, gate structures, drop structures, culvert structures and sometimes energy
dissipation structures need to be designed.

DESIGN CRITERIA

A looped piping system should be used where feasible, but a branched system may be
necessary when the building is confined in an urban setting. Looped systems provide the
following advantages over dead-end pipe runs:

e More evenly distributes pressure and flow throughout the system

e Provides redundancy and flexibility, allowing portions of the system to be shut off for
maintenance

e Eliminates long, dead-end runs of pipe where water may sit and become stagnant
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Because of variable conditions encountered in hydraulic design, it is impractical to specify
definite and detailed rules for designing water distribution systems in all cases. In small,
simple installations, it is often possible to size pipes based on rules of thumb derived from
experience and convention. In more complicated cases, the pipe sizes and system layout
shall be designed in accordance with good engineering practice utilizing the methods
discussed below.

The information presented below applies to the design of site water distribution systems.
While much of the theory can also be applied to the design of building plumbing systems,
interior plumbing is not specifically addressed in this section.

Methods for Determining Flow Rates

One of the most critical components of designing a water distribution system is to determine
the design flow rates within the system. The designer must assign a flow rate (in liters per
second, Ips, or liters per minute, [pm) for each building or other discharge point on the site.
The designer must use engineering judgment and the methods discussed below to
determine flow rates that provide an accurate, conservative design that meets the needs of
the water users. It is usually necessary to consider multiple different flow scenarios and
ensure that the distribution system can provide adequate service under various
combinations of flows.

Peak Factor Method:
e Peak Flow = Average Daily Demand x Peak Factor

e The designer should use the Average Daily Demand based on the EMI Water and
Wastewater Design Template and Water Usage Rates described in A2.1 Water
Demand Estimate. An appropriate peak factor for each individual building should be
determined. Typical values range from 1.5 to 2 depending on facility type.

e See more detailed about the Peak Flow method in addition to two detailed methods,
Fixture Count and Water Service Fixture Unit, in Appendix A2.8.1 Detailed Description
Of Methods For Determining Flow Rates.

Minimum Acceptable Pressure

EMI’s current design standard is to ensure that common plumbing fixtures, and all points in
the water distribution system, maintain a minimum of 2.0-5.0 meters of hydraulic head
(residual pressure, static pressure minus pressure losses) under peak flow conditions.
Designing to a minimum residual pressure standard is a simple a way to ensure that under
peak flow conditions, the distribution system still has a bit of excess capacity and is not too
close to failure. Designing for a minimum residual pressure ensures the water pressure is
always positive to prevent infiltration of possibly contaminated water into the distribution
system, contaminating the water and piping system. Typically, 3.5 m (5 psi) for sinks, low-
pressure showers or toilets in single story faciliities with gravity flow in the developing world.
Anirrigation sprinkler head typically requires about 30 psi (21 m) of pressure, while irrigation
drip systems require pressure between 9 and 21 m (10-30 psi).
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In many developed countries, the requirements for a high residual pressure is based on the
need to be able to provide fire-fighting flows when needed. As this criterion is not applied to
most EMI projects in the developing world, there is not a need for a high residual pressure
as long as the system is effectively supplying the peak flow rates required and maintains at
least 2m of head throughout the system under peak flow conditions. For fire-fighting flows,
minimum pressures need to be in accordance with local regulations and are usually much
higher, typically 30 to 40 m. When designing a system for firefighting purposes, the larger
flow rates needed, as well as the higher pressure, must be take into consideration.

Higher service pressure may be needed if the system is used for irrigation or to meet local
regulations. Higher pressure may also be needed if the system will use point-of-use
treatment, depending on the type of treatment. However, be careful when recommending
minimum residual pressures greater than 2-5m. Piping and pipe fittings in developing
countries are often of poor quality and installation practices are often poor, leading to major
leakage or system failures where pressure is highest. Water consumption will also increase
with higher pressure which would increase water demand and require a larger capacity
wastewater disposal system.

Building A Distribution System Model

Designing distribution systems, particularly a looped system, is a complex process. EMI
typically uses EPANET software to build a model of the site’s distribution system. EPANET
allows the entire distribution system to be modeled to determine the effects of varying flow
rates, elevations of inlet and outlets and pipe size and material. Such a model allows many
parameters to be altered to arrive at the desired 2-5m pressure at all points in the system
under the most demanding situation. See Appendix A2.8.2 EMI EPANet Guidelines for more
instructions. Other software for modelling water distribution systems is available, but all
require similar inputs from the designer.

The sections above discussed methods for determining the peak flow rates to the buildings,
or if a building has multiple water inlet points, the peak flow at each inlet. These flow rates
now must be built into a model that accurately represents the water usage patterns on the
site. If the peak flow to each building is calculated individually and then each of those is built
into the model, you will likely be over-estimating the actual usage on the site. It is unlikely
that every building on the site will experience peak flow at the same time. For example, at a
boarding school, the peak flow in the dorms might be in the evening when students are
showering, while the peak flow in the academic buildings will likely occur during the school
day - to model both dorms and academic buildings experiencing peak flow at one time is
probably overly conservative.

You must run many different scenarios in your water distribution model. Use the calculated
peak flows for each building as a guideline and then use engineering judgment to consider
different times of day and different types of usage patterns that will occur on the site. The
water distribution system should provide adequate pressures under many different usage
and flow conditions. You should also consider unusual situations, such as when parts of the
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system are shut off for maintenance. If designing for firefighting, evaluate the ability of the
system to handle fight-fighting flows from several locations in the system. The minimal
pressure should be achieved under all reasonable scenarios

Do not think of the water distribution model as a formula with a single correct answer, but
as a tool to help you understand the distribution system; it allows you to experiment with
different layouts, pipe sizes, and demand patterns. The optimization of the model and the
selection of a final distribution system design will be based on your thorough understanding
of water usage patterns on the site and on weighing the pros and cons of the many different
design parameters that you experiment with using the model.

Pipe Selection

HDPE PN6 pipe (PN number is a common method of stating the pressure range of a pipe.
The table below shows the pressure rating of various types of pipe) is usually specified for
underground use, and polypropylene random copolymer (PP-R) or chlorinated polyvinyl
chloride (CPVC) for above ground use. Available sizes are listed below. When building the
water distribution model, make sure to use the inside diameter of the pipe and use the
appropriate friction factor for the pipe material.

Table 2.8-4 Maximum Pressure for Different Pipe Classes

Pressureclass | PN Bar Metres MPa | kPa @ Psi
head

A 3 3 30 0.3 300 45

B 6 6 60 0.6 600 90

C 9 9 90 0.9 900 135

D 12 12 120 1.2 1,200 180

E 15 15 150 1.5 1,500 225

F 18 18 180 1.8 1,800 270

No Class defined 10 10 100 1 1,000 150
No Class defined 16 16 160 1.6 1,600 240
No Class defined 20 20 200 2 2,000 300
No Class defined 25 25 250 2.5 2,500 375
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Table 2.8-5 Commonly Available Pipe Sizes

PP-R Pipe Wall Thickness (mm)

Size OD (mm) |[PN10 Inside diameter PN16 Inside diameter PN20 Inside diameter PN25 Inside diameter
20 1.9 16.2 2.8 14.4 3.4 13.2 4.1 11.8
25 2.3 20.4 3.5 18 4.2 16.6 51 14.8
32 2.9 26.2 4.4 23.2 5.4 21.2 6.5 19
40 3.7 32.6 5.5 29 6.7 26.6 8.1 23.8
50 4.6 40.8 6.9 36.2 8.3 33.4 10.1 29.8
63 5.8 51.4 8.6 45.8 10.5 42 12.7 37.6
75 6.8 61.4 10.3 54.4 12.5 50 15.1 44.8
90 8.2 73.6 12.3 65.4 15.0 60 18.1 53.8
110 10.0 90 15.1 79.8 18.3 73.4 22.1 65.8

Source: Simba Pipe (Multiple Industries)

HDPE Pipe Wall Thickness (mm)

Size OD (mm) [PN6 Inside diameter PN10 Inside diameter PN16 Inside diameter PN20 Inside diameter
20 1.8 16.4 1.9 16.2 1.9 16.2 0 0
25 1.8 21.4 2.3 20.4 2.3 20.4 3 19
32 1.9 28.2 2.7 26.6 2.9 26.2 3.6 24.8
40 2.3 35.4 2.7 34.6 3.7 32.6 4.5 31
50 2.9 44.2 3.3 43.4 4.6 40.8 5.6 38.8
63 3.6 55.8 4.2 54.6 5.8 51.4 7.1 48.8
75 4.3 66.4 4.5 66 6.8 61.4 8.4 58.2
90 5.1 79.8 5.4 79.2 8.2 73.6 10 70
110 6.3 97.4 6.6 96.8 10 90 12.3 85.4

Source: Gentex Enterprises

Common pipe fittings are also shown in Appendix A2.8.3 Pictures Of Different Pipe Fittings.

Appurtenances

Consider whether the piping system requires any of the appurtenances listed below:

Isolation valves to facilitate maintenance of pipes by isolating one section from the
remainder of the network. Isolation valves are particularly valuable in looped
networks. Isolation valves, and valve boxes, should be placed in easy-to-find locations
out of roadways or walking paths. They should be located at all major pipe network
intersections and along long stretches of pipe.

Tap stands or manholes for air release or sediment cleanout. On a large distribution
system with significant high points and low point in the piping system, consider
placing a tap stand at these high and low points. Tap stands at high points will allow
air to be released from the system while tap stands at low points will allow sediment
to be flushed from the system. High points should have adequately sized combination
air release valves and low points should have turnouts with valves for blowoff flushing
when needed. Some long reaches of pressure pipelines (increasing slope) may
require air/vacuum valves, and long nearly horizontal runs may require air release
valves.
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e Water meters are needed at key locations in the distribution system to track usage of
water and to identify potential leakage points. If a pay-for-use system will be put in
place, water meters will be needed at each significant user to track consumption.

e Unless special high-pressure pipe and fittings are specified, break-pressure tanks are
needed under certain circumstances when the water supply source or storage tanks
are located at a much higher elevation (over 100m this will depend upon the type and
pressure rating of the pipe and joints, example steel pipe with butt welded joints can
often take higher pressures than HDPE or PVC) than the project site. This situation is
common in spring capture systems that utilize a gravity flow pipeline to convey the
water to the site. For high pressure long delivery pipelines, water hammer (pulsed
water pressure added when a downstream valve is closed) also needs to be
considered in the design.

The following resources and tools are to be used in developing the water demand estimate:

e The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can inform the water
demand estimate.

e Appendix A2.8.1 Detailed Description Of Methods For Determining Flow Rates
provides alternative calculations for flow rates such as:

o Peak Factor Method
o Fixture Count Method
o Water Service Fixture Unit Method

e Appendix A2.8.2 EMI EPANet Guidelines offers guidance on the use of EPANET. It
is public domain software that is free and available on the internet that can aid in
complex looped networks.

e Appendix A2.8.3 Pictures Of Different Pipe Fittings helps designers identify pipe
fittings.

e References and additional resources can be found in R2.8 Water Distribution.

e The EMI Pipe and Channel Sizing Template uses Manning's Equation to calculate
pipe and channels sizing. This is a detailed tool and not used in concept level
design.

2.8.3 DESIGN PROCEDURE
Different methods of calculating peak flows and different assumptions about timing of water
usage onsite can produce dramatically differing results and engineering judgment is always
needed in the design of water distribution systems. The designer must have a very thorough
understand of the fixtures and usage patterns on the site as well as a strong understanding
of the benefits and downfalls of the various methods for calculating peak flow. Document
any assumptions used in this design process.
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The following
Step 1:

Step 2:
Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Section 2 Water, 2.8 Water Distribution

process is recommended in designing site distribution systems:

Determine the average daily water demand for each building. See Section 2.1
Water Demand Estimate for information on calculating average daily water
demand. If a building is large or complex, multiple water supply locations may
be needed. In such cases, estimate the demand at each inlet point.

Calculate the peak flow to each building using the peak factor method.

Calculate the peak flow to each building using the fixture count method, or
other suitable method. Document the method used.

Compare the two methods and determine which to use for each building. If
there are dramatic differences between the results from the two methods, try
to understand where the differences come from and then make an
engineering judgment call to determine the design flow.

Build an EPANET model of the distribution system. See Appendix A2.8.2 EMI
EPANet Guidelines for more information on using EPANet. On most EMI
projects, the pressure in the system is provided by the elevation of the storage
tank. Model the system under the scenario where the tank is nearly empty. Do
this by setting the elevation of the tank 0.50M above the height of the stand.
This ensures that you are modelling the limiting scenario; when the tank is full,
pressures will be higher.

When building the water distribution model, it is usually acceptable to create
one node per building and apply the peak flow for the entire building at that
single node. Set the elevation of this node at the elevation of the highest
fixture in the building.

Run the model under several different scenarios, remembering that it is not
likely for all the buildings on the site to experience their peak flows at the same
time of day.

Once you have a “worst case scenario” that you feel is representative for the
design of the distribution system, calculate the total flow in the system by
summing all of the flows to the buildings.

Use the Water Service Fixture Unit method or LPCD method (as described in
the 2018 International Plumbing Code) to determine a peak flow for the entire
site. This method assigns a certain number of fixture units to each fixture or
group of fixtures per the table in Appendix A2.8.1 Detailed Description Of
Methods For Determining Flow Rates.

Step 10: If the WSFU method yields a peak flow that is dramatically higher than your

model; you may have underestimated some flow rates. If the WSFU method
yields a peak flow that is lower than your model; you are likely overestimating
the peak flow rates.
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Step 11: Adjust peak flow rates as needed based on engineering judgment and a
comparison of the three peak flow calculation methods.

Step 12: Run the model under several different scenarios, changing system
parameters to as needed to ensure that the minimum acceptable pressures
are maintained. The goal is to have a minimum of 2.0 meters of residual head
at the critical fixture (highest elevation fixture) within the building and each
node within the system. If you have modeled the entire building as a single
node, make sure that the node has a minimum residual pressure of 2.3
meters. Experience on past projects leads to the estimate that about 0.30
meters of head will be lost to friction within the interior building piping system.

Step 13: If the model is producing unacceptably low pressures the following are some
ways to increase the pressure in the system:

e Increase sizes of critical pipes. In EPAnet you can view the unit head loss in
each pipe and quickly see which pipes might be undersized.

e Add extra loops/connecting pipes into the system.

e Branch the system as early as possible. The pipe coming out of the tank will
have the highest flow rate and likely high friction losses. Branch the system
early to shorten the distance in which the flow for the entire site is
contained in a single pipe.

e Increase the height of the tank stand or add pump station(s) into the
system.

Step 14: Update CAD drawings to include the proposed piping system on the Civil Site
Layout and include CAD standard details for appurtenances where needed.

Step 15: Determine the regionally appropriate pipe material by contacting vendors or
researching online or in country.

Step 16: Use the material cost and CAD drawing to determine a cost estimate, if
needed.
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PUMP SELECTION

In some cases, water distribution may be possible to be carried out entirely by gravity.
However, in many cases pumps are needed to add sufficient pressure to distribute water to
treatment facilities, to water storage tanks, or to fixtures within buildings.

In EMI designs, pumps are most commonly applied in water distribution, so this section will
be based on water pump design with some additional attention to pump design in wellbore
use. In the event of designing a pump for a liquid other than fresh water, it is important to
adapt the process and calculations to the circumstances.

In EMI designs, pumps are most commonly used to transport fresh water to storage tanks
(as opposed to pressurizing a distribution system) and the section below reflects this design
intent. In the event of designing a pump to pressurize a distribution system or for a liquid
other than fresh water, it is important to adapt the process and calculations to the
circumstances.

DESIGN STAGE
Frequency of Use: All EMI projects that will require a pump.

Conceptual Design: Identify where pumps will be needed. Identify location and elevation of
water supply and elevated water tanks. Define preliminary system curve and identify design
operating point. Identify commonly used pump types, pump manufacturers, and pump
suppliers for the project location.

Detailed Design: Finalize system curve. Identify preferred and/or optional pump types for
identified applications. Final pump selection should be deferred to local pump
manufacturers who will recommend the pump to best fit the system curve and conditions.

DESIGN CRITERIA
Aside from the pump sizing, several factors should be considered in the specification and
design of a pump:

¢ Pump and pipe material(s) locally available. Pipe material will change the friction loss
through the pipe.

e Duty cycle and pump cycling (see additional information in design procedure)
e Characteristics of fluids being handled
o Temperature and resulting viscosity and vapor pressure of water

o Presence of solids in water (may need to take greater care in ensuring that
solids don't settle in pipes)

e Materials of construction (consideration of longevity and corrosion resistance)
e Ministry’'s knowledge/ability to maintain and repair pumps

e Quality and cost
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e For well pumps: diameter of submersible pump, depth of setting, available power,
pump to waste feature

e Consideration of dual or possibly more pumps for a booster pump system
o Added redundancy
o Varying pumping rates

As mentioned above, this section is primarily used for design of fresh water pumps. While
not extensive or complete, below are some things to consider when pumping a liquid other
than fresh water:

e Temperature and viscosity of liquid

e Presence of suspended solids (e.g. sewage pumps may require macerating or ‘trash’
pumps)

e Materials needed for certain applications (e.g. seawater systems require stainless
steel or bronze components)

Constant Speed vs. Variable Speed

Constant speed pumps operate at one speed, and one power level usage. Depending on the
pressure in the system, the pump will operate at a given flow rate. Variable speed pumps,
on the other hand, have the capability to use less electricity and slow the speed of the motor.
This allows the pump to have varying flow rates within the same pressure range.

For reasons of simplicity, most EMI designs will incorporate the use of a constant speed
pump. Variable speed pumps will be a higher up-front investment, but may reduce power
use (and therefore power costs). They can also be more adaptable in systems with changing
pressure levels. However, variable speed pumps are also more complex and will require
higher expertise in maintenance. Therefore, careful consideration of these factors should be
taken into account if specifying a variable speed pump.

Solar Pumps

While not often specified, solar powered pumps may also be worth considering in certain
circumstances. Here are some factors to consider when deciding if solar pumps may be
suitable:

e Solar pumps have a much higher up-front investment.

¢ Due to the value of the above-ground equipment, solar systems should be carefully
guarded. It may only be suitable within walled compounds or areas that can be easily
secured.

e Solar pumps will usually have much lower flow rates than pumps using more
traditional power sources (~15-20 L/min or 4-5 gal/min)

The following resources and tools are to be used in developing the pump design:
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e The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can inform the pump design.

e References and additional resources can be found in R2.9 Pump Selection.

e The EMI Pump Design Template can be used to input the variables and will help

determine the appropriate pipe size and define the system curve.

e For more information about pumps see:
https://akvopedia.org/wiki/Powered pumps

2.9.3 DESIGN PROCEDURE
For Steps 3 through 6, see the EMI Pump Design Template for calculations.

Step 1:

Step 2:

Step 3:

Complete and review information in Client Needs Assessment and Site
Evaluation.

Determine flow rate required from pump to meet site demands based on
results in Section_2.1 Water Demand Estimate. It is important to address the
duty cycle of the pump. The frequency of pump starts should be limited to
reduce wear on the pump and motor. Additionally, when the pump does start,
it should be operated for a minimum length of time to allow for cooling after
the higher inrush of power for the motor start. The frequency of pump starts
and minimum run time depend on the motor size and pump size. The
following values provide reasonable targets for 10 hp and smaller motors:

e Operate the pump for no more than 8 hours total each day
e Pump starts: No more than once every 30 minutes
e Minimum pump operating time: 10 minutes

These values generally can be achieved by selecting the appropriate pump size
and by considering the operating band in the receiving reservoir. Operating
band refers to the conditions in which the pump will start (low level) and when
it will stop (high level). Also important to consider is the presence and volume
of storage being provided. Larger storage volumes mean that the pump can
operate more consistently and at lower flows since the storage acts as a
buffer. A smaller storage volume could mean that the pump flow rate will need
to be closer to the peak water demand rate.

In well applications, borehole drilling logs and draw-down/build-up tests may
indicate the time needed for a borehole/aquifer to recharge before operating
the pump again (e.g. every 2 hours of operation requires 1 hour of recharge).
If pumps are needed to run for more than 8 hours each day, confirm with
pump manufacturers that the pump can run for the hours needed - this is
commonly referred to as the “duty cycle”.

Determine Net Pressure Suction Head Available (NPSH,)
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Step 4:

Step 6:
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The NPSHa is the absolute pressure of the liquid (minus the liquid's vapor
pressure) at the intake of the pump and can be expressed in units of pressure
(kPa/psi) or head (m/ft.). All manufactured pumps should have a Net Pressure
Suction Head Required (NPSHR) which is minimum pressure required at the
pump intake.

The NPSHa must be greater than the NPSHr to avoid cavitation. To be safe, the
NPSHa should either be 10% higher, or 1.5m (4.8ft) higher than the NPSHg
(whichever is greater)'. In water applications, the NPSHg will be not less than 0
ft. or psi (m or kPa).

Determine static head and pressure head.

Static head is the vertical difference between two points in the piped system.
The pressure head is the difference in pressure between these same two
points.

For simplicity, the static head can be taken as the elevation difference between
water surface on the suction side (e.g. dynamic water elevation in wellbore for
subsurface designs) and elevation of the discharge pipe (e.g. discharge into
storage tank).

The pressure head will be the difference in pressure between these two points.
As long as neither the water source nor discharge location are pressurized, the
pressure head can be taken as zero, as they are both at atmospheric pressure.
If one or the other is operating under pressure, units of pressure must be
converted to elevation and added (or subtracted) from the elevation
difference to calculate total static head.

Determine parameters for dynamic head

Unlike the static head and pressure head, the dynamic head will change based
on the velocity of the liquid through the system. This variable head is what
creates the system curve. The system curve will relate the flow (Q) to the total
dynamic head (TDH) within the system. The TDH is the sum of the static head,
pressure head, and the dynamic head.
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System Curve (metric)
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Figure 2.9-1 Example System Curve
The dynamic head will consist of the pipe friction loss, and minor head loss.
Aside from the flow rate, the friction loss will be dependent on the pipe
diameter, material, and length of piping, as well as characteristics of the fluid
being pumped (temperature, viscosity, etc.).

Pipe material should be based on what is locally available and most likely to
be used, and length of piping will be determined by what is needed to
transport the water to its destination. The diameter of the pipe can be varied
to obtain a desirable velocity based on the design flow rate (too low and solids
may settle, too high and the friction head will increase exponentially - square
of velocity).

The minor head loss is the head loss in the system due to bends, fittings,
valves, etc. Each is treated as a “singularity” and assigned a coefficient (K). The
sum of the coefficients produces a head loss proportional to the square of
velocity.

Based on Step 1, plot your design flow point on the system curve.

Step 7: Write all assumptions, summarize design, and record results in report. This
includes the NPSHa and the system curve (with preferred design point), which
the pump manufacturer/contractor will need to select a suitable pump. Keep
longer calculations and tables in the Appendices.

Step 8: If needed, once a pump is selected it should be plotted against the system
curve and verify the resulting flowrate will meet the site demands and not
exceed any maximum flow rates (e.g. in boreholes).
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Geotechnical

3.1

3.1.1

3.1.2

SOIL CLASSIFICATION

Soil classification is imperative for estimating the on-site soil properties used to predict soil
behavior. Soil properties are used to determine the soil's bearing capacity (see Section_3.2
Bearing Capacity) when designing foundations and the absorption rate (see Section 3.3 Soil
Absorption Capacity) used to design certain wastewater treatment systems.

Itis important to know the purpose for which the Soil Classification is to be used: Foundation
Design, Drainage and Flood Control, Leach Fields, Agricultural Use.

DESIGN STAGE
Frequency of Use: Soil classification should be performed on every project.

Conceptual Design: Soil properties can be estimated based on accepted correlations.

Detailed Design: A soils report from a local geotechnical engineering firm should be
obtained to confirm and/or add additional information about the soils’ physical and hydraulic
properties. A thorough soils report is especially important when designing a foundation
deeper than a shallow footing or slab.

DESIGN CRITERIA
There are many different ways to classify soils and each agency/company typically uses their
own standard. In this guide, a mix of USDA and USCS sources are used.

Native soils are comprised of various minerals and form three primary categories: coarse
grained material, silt, and clay. Most soils are a combination, but the percentage of each is
very important when determining the soils’ properties.

e (Coarse grained materials include cobbles, gravel, and sand. These are the largest of
the three components and can be seen with the naked eye. Sand has a gritty feeling
when rubbed between two fingers and will not form into a ball. Gravel behaves very
similarly to sand, but is larger, passing through a 75mm (3 in) sieve and being retained
on a 2.0 mm (No. 10) sieve.

¢ Silt has a smooth, floury like texture and is “non-plastic” or very slightly plastic.

o C(Clay feels sticky when moist and displays putty-like properties within a range of water
contents. It is considered plastic.

Individual particles of silt and clay cannot be identified with the naked eye. “Fine-grained”
material is made up of more than 50% silt and clay particles (“fines”) while a “coarse-grained”
material is made up of greater than 50% sand particles (ASTM D 2487).

Fill material is imported and used to artificially change the grade or elevation of a property
or fill in depressions. It is important to know if fill material is used and whether it has been
compacted well or not. Good fill is typically free from organic matter and biological activity
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and taken from another area of the site where soil is being removed or transported from
another site that is leveling an area for construction. However, most fills will have unnatural
materials like trash, metal, or brick and have a mottled color due to its make up as a mixture
of different colored soil types.

The following can help in identifying native vs fill soils:

1. Presence of buried organic material (stumps, branches, root mass) below the
ground surface.

2. Presence of man-made materials: concrete, slag, garbage, debris, etc.
3. Inconsistent soil structure

4. Inconsistent terrain and landforms

5. Misplaced rounded gravel or angular rock formations

Depending on the availability of public information, background research, or a desk study,
should be completed prior to every project. Desk studies help to identify geologic hazards
and determine the scope of a geotechnical investigation. Lists of available resources are
provided in the detailed descriptions for each EMI office.

e The Client Needs Assessment and Site Evaluation discussed in Section 1 include
sample guiding questions and evaluation criteria that can inform where soil
characterization should take place on the site during the project trip.

e AppendixA3.1.1 Test Procedures Manual Tests provides step-by-step instructions for
performing various soil classification tests.

e Appendix A3.1.2 Additional Information provides flow charts, photos, and additional
information for classifying soil correctly.

e Appendix A3.1.3 Classification Comparison provides correlations between USDA and
USCS soil classification.

e Appendix_A3.1.4 Hand Augering/Boring Location provides information regarding
hand auger use and boring locations.

e References and additional resources can be found in R3.1 Soil Classification.

e EMI Soil Testing Field Packet can be printed and taken on the project trip to aid in
classifying soil and ensure all pertinent information is recorded.

3.1.3 DESIGN PROCEDURES
The following steps are helpful in classifying the soil type:

Step 1: Identify soil texture by performing a manual test, jar test or sieve analysis as
described in Appendix_A3.1.1 Test Procedures Manual Tests and estimate
relative proportions of gravel, sand, silt and clay. (e.g. fine-grained or coarse-
grained)
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Step 2a: If the soil is coarse-grained, estimate the gradation (range of grain sizes) if a
sieve is available, moisture content (dry, moist, wet), angularity (angular, sub-
angular, sub-rounded, rounded), and color.

Step 2b: If the soil is fine-grained, estimate the moisture content (dry, moist, wet),
consistency (very soft, ... very stiff), plasticity, and color.

Step 3: Identify whether collapsible, expansive soils, organic soils, or additional
hazardous soils are present.

Collapsible soils reduce in volume when wet. They tend to exhibit high
strength and stiffness at normal water contents but collapsible when water is
added. Difficult to identify by eye.

Expansive soils shrink or expand in volume depending on the water content.
Volume change causes great damage to low-rise buildings that do not have
sufficient weight to resist the forces due to expansion.

Step 4: Record the soil description including: Group name (group symbol) - color,
moisture, description of angularity and gradation (coarse-grained), plasticity
(only for fine-grained soils), structure, soil consistency (density or stiffness),
and other notable features (cementation).

Note: Besides recording the moisture content of the soil retrieved from the
investigation, it would be valuable to note whether the water table is
encountered during boring or 24 hours after, and whether the water table is
expected to rise or fall seasonally.

Examples:
Sandy CLAY (CL) - light grey, moist, stiff, non-plastic.
Sandy GRAVEL (GW) - brown, dry, sub rounded, dense, well-graded.

Civil Design Guide @ Tech @ 52



3.2

3.2.1

3.2.2

Global Guide Section 3 Geotechnical, 3.2 Bearing Capacity

BEARING CAPACITY

Soil bearing capacity is the capacity of soil to carry a distributed load applied by a foundation
element. It is the maximum average pressure between the soil and foundation without
failing or allowing significant settlement. In many cases, the foundation capacity will be
limited by the allowable absolute and relative settlements for that building. While settlement
is of particular concern for shallow foundations and non-granular soils, it can also affect
buildings with deeper foundations or on loose granular soils.

In most cases, relative settlements are of primary concern. As one part of the building s