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eMi2  

CIVIL DESIGN GUIDE 
(for undeveloped site)  

DAILY WATER USE ESTIMATE 
 
A. eMi

2
 uses the Indian standard of 135 L/day-person for domestic use (family unit housing) with 

regular water supply.  Use projected site population x 135 L/day to give a CONSERVATIVE 

ESTIMATE of proposed daily water usage while on the project trip.  You may need to provide 
estimates for phased growth.  This will help in the initial estimation of footprint areas needed for 

water storage facilities and the wastewater disposal area needed while the team is developing the 
master plan. 

 
B. OBSERVE water use by locals.  Try to estimate what the total daily use ACTUALLY is for a 

person living on site.  This habit of using engineering judgment will pay off with a more efficient or 
more economical design if the conditions and practices of the client aren’t average. 

 
C. Upon return to the eMi

2
 office, develop a DETAILED water use estimate. Use charts based on 

Indian standards (Appendix A & B) for estimating institutional water usage (schools, orphanages, 
dormitories, etc.).  You may also complete this step while on the trip if time allows.  However, it is 

likely that some architectural revision will occur following the trip, possibly affecting this estimate.   
 

D. COMPARE the projected water use rates that you developed from both the empirical data you 
measured  or estimated on site and the projections you developed from Indian standards…use 

your judgment and make your FINAL PROJECTIONS. 
 

 

WATER SOURCES 
 
Thoroughly consider all possible water sources regardless of your initial opinions of the feasibility 

of actual use.  Do everything you can to identify a single sustainable, year-round water supply with 
enough quantity to meet the normal daily needs of the client.  In many cases more than one water 

source will be needed. 
 

SHALLOW WELL…Is there currently a shallow dug well on site or near the site?  Is this the locally 
preferred water source?  Investigate the construction method and make design notes.  What is the 

expected depth?  Can you take a water sample and have it analyzed?  What type of water 
treatment methods are feasible?  Will the well dry up in the dry season?  Investigate the costs of 

construction. 
 

DEEPER WELL…Is it feasible to have a well drilled or bored?  Find a drilled well on site or very 
near the site and find out it’s depth, capacity (liters per hour pumped), and construction method.  

Do everything you can to find a written well log for this well or interview the actual driller about the 
depth, quality, and quantity of water available. 

 
SURFACE WATER (stream, spring, lake, etc.)…How far away is the surface water source? Can 

you do a water analysis?  What treatment methods are feasible?  Consider intake design.  What is 
the cost of constructing the intake and treatment system? 

 
COMMUNITY WATER SYSTEM…Is there a reliable community water distribution system nearby?  

What amount/pressure of water is available?  How far away?  Will the water need treatment to 
make it drinkable?  Consider construction costs for tying into the system.  Interview local utili ty 

manager. 
 

RAINFALL COLLECTION… Because of the seasonal rainfall issue in India and the expense of 
constructing and maintaining long-term water storage facilities, it is generally expected that rainfall 

collection will be a supplementary solution (i.e. for watering gardens, temporary water supply 
during the rainy season). Find accurate regional data for precipitation in Hydrology and Water 

Resource Engineering (Garg) (Appendix C) or use the internet to do more detailed research.  
Estimate (using roof areas) how much water can be collected from the proposed roof areas during 

a typical day, week, and month during the monsoon season.  Note:  In Tamil Nadu rainwater 
collection and groundwater recharge are required by law.  For more information, see 
www.raincentre.org. 
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ESTIMATING WATER STORAGE REQUIREMENTS 
 
WATER PRESSURE: In general, Indians do not use as much water pressure a s we do in the 
United States.  Anywhere from 5 to 20 psi may be perfectly acceptable.  Observe the pressure 

levels in the local water systems.   
 

TYPICAL INDIAN APPROACH TO WATER STORAGE:  It is typical in India to install multiple 
rooftop tanks, one over each bathroom or kitchen with 200 to 500 liters of storage each.  This 

provides individuals a sense of control over the area they are using.  If others run out of water, 
then they can conserve their own if they have their own tank.  It is also common to install dead end 

lines.  
 

The problem with this is that if a site is going to be developed to include multiple buildings, there is 
a higher maintenance burden and lack of ability to transfer water to where it is needed most.   

 
eMi

2 
APPROACH TO WATER STORAGE:  Since many eMi

2
 projects do involve long-term 

planning for multiple buildings, we recommend having dialogue with the client about accepting the 
idea of a battery of central water storage tanks (tough plastic tanks up to 5000 L each) coupled 

with a looped water distribution system (where appropriate) to allow for economical and efficient 
water delivery to all of the buildings.   

 
Central water storage and a looped water distribution system are new ideas to many of our clients, 

so it is important to spend the needed time sharing the idea, getting feedback, and making this 
approach as easy to “swallow” as possible.  The battery of water storage tanks may be placed on 

a structurally designed platform (preferred to us) or on top of the tallest building, providing that 
adequate water pressure can be achieved in the other buildings from that location.  (FYI, most 

tanks are designed to fi ll  from top and distribute from the bottom). 
 

STORAGE TANK CAPACITY:  Provide a MINIMUM of one day’s supply of water storage.  
Dialogue with the client to hear their views on needed water storage.  They may want more 

storage and up to two day’s supply is actually ideal. 
 

COMMUNITY WATER SUMP:  It is common practice in India to install a community water sump at 
ground level which receives water from more than one source (i.e. water from the multiple wells 

and from the community water line).  Water is then pumped from here to the elevated water 
storage facility. eMi

2
 does recommend this option for many of our client’s sites as it provides added 

storage and is efficient when using more than one source. 
 

 
WATER PUMPS 
 
ELECTRICITY: Find out the typical number of hours electricity is available each day, perceived 

frequency of electricity interruptions (i.e. are there ever interruptions for many days and how many 
times a year does this happen?), whether it is single phase or three phase power, and how far 

away the community connection will be. 
 

PUMPS:  Pumps typically used in India for shallow or open wells are either centrifugal pumps with 
suction lines or submersible pumps.  Pumps for deep or bored wells are usually submersible 

pumps or a surface air compressor system (used on low capacity wells).  Another option for a low 
capacity deeper well (although not commonly used) is a solar powered pump. 

 
RECOMMEND for each scenario the acceptable pump types, pumping rate, and total dynamic 

head range needed for the well pump.  Remember to consider the hours of electricity availability 
and anticipated well capacity when recommending the pumping rate for fi lling the water storage 

tanks and sump. 
 

 
 

 
 

 
 

 
 

 

Developed by S. Young, 2005



 
3 of  16                                                              Ci vil Design Gui de 

Revised 2/16/2007 

WATER TREATMENT SYSTEMS 
 

In India, if bacteria is commonly present in the water source, it is not expected that all taps should 
yield water with drinking quality.  eMi

2
 usually recommends the installation of a fi ltration/UV 

disinfection unit (commonly known as Aquaguard) at key locations on the site where drinking water 
will be needed (i.e. kitchens).  Use the Lifewater International water test kit to measure 

contaminants in the water sources.  Contaminants such as high minerals and nitrates may indicate 
the need for other treatment steps.  If possible, request that the client have a testing lab complete 

analysis of the water quality of each established water source (most helpful if done before the 
project team arrives).  (Appendix D) 

 
 
SOIL SUITABILITY FOR ON-SITE WASTEWATER DISPOSAL 
 
EVALUATE SOIL TYPE at 1’-3’ depth immediately.  Use the subjective soil type flow chart.  If the 
soil has high clay content, warn the masterplanner that ww disposal may require significant land 

area.  Note that the soil evaluation is mainly useful for planning a leach bed or leach field 
wastewater disposal system.  Performing the soil type test is the minimum information requirement 

for determining the land area needed (Appendix E). 
 

INTERVIEW knowledgeable locals or consult a drilling log (if an on-site well has been completed 
already) to determine the changes in soil strata as the depth increases.  Take a good digital photo 

of the drill ing log if it is available and download the photo onto the project leader’s computer project 
file. This information will be used to size seepage pits. 

 
GROUNDWATER DEPTH: Important! Find out how deep the water table is during the peak of the 

rainy season.  We want to avoid designing a system which contaminates the groundwater.  Good 
design requires that at least 3 feet of soil thickness (not coarse sand or gravel) should separate the 

bottom of the seepage pit, leach bed, or leach field from the water table.  
 

If time allows, CONDUCT PERCOLATION TEST using “Determining Soil Suitabil ity” from the 
Water for the World documents (Appendix F).  Saturate percolation hole prior to performing the 

test for 12 hours if there is any clay content.  If no clay content, then proceed with test immediately.  
See instructions.  Compare this information with the soil type results. 

 
 

WASTEWATER DISPOSAL SYSTEMS 
 

INTERVIEW locals to determine if community sewer system connection is available to the site.  
Most times this is not the case, but occasionally this is available. 

 
STUDY HOW THE LOCALS DISPOSE OF WASTEWATER.  Most small on-site wastewater 

disposal systems in the areas of India where eMi
2
 has worked have consisted of a septic tank and 

soak pit system handling only the blackwater.  Greywater is plumbed separately and allowed to 

runoff untreated in some way.  This practice is widely accepted and used. Depending on depth to 
the water table, plans for site use, and the soil conditions, this type of system may or may not be 

recommended by eMi
2
. Try to use similar technology while improving the treatment and disposal 

one or two steps from current practice.  Where large populations are using a site, take care to deal 

with the greywater so that human contact is avoided (i.e. use for irrigation away from public areas 
or include in subsurface disposal if conditions allow). 

 
DECIDE whether or not to split blackwater and greywater disposal.  This may vary in different 

zones of the site if the site is larger than an acre or two.  Dialogue with the client about their 
feelings of the importance of greywater reuse. 

 
IF SOIL PERCS RELATIVELY WELL and groundwater is at least 5 feet deep, plan for traditional 

leach field, leach bed, or seepage pit (deeper groundwater for seepage pit). 
 

ESTIMATE NEEDED LAND AREA for subsurface soil absorption using Water for the World design 
application rate table (Appendix G).  Inform architects of needed land area. 

 
IF SOIL DOES NOT PERC or groundwater is high…begin considering alternative treatment and 

disposal methods. 
 

MINIMIZE LONG PIPELINES and AVOID PUMPS. 
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SYSTEM LAYOUT RULES 
 
Remember the BASIC LAYOUT RULES and work with master planner to incorporate the water/ww 
systems into the master plan: 

 

• Distance between well and septic tank….minimum of 50 feet 

• Distance between well and soil absorption area…minimum of 65 feet if well is in a deeper 

confined aquifer, minimum of 100 feet if well is in a more shallow unconfined aquifer. 

• Distance between soil absorption area and stream or embankment….50 to 100 feet or 
more 

• Put water well on upper end of site if possible and protect from runoff drainage to the well 

• Put soil absorption areas in lower parts of the site and lay out the trenches to follow the 
contour of the land. 

 
 

DRAINING THE SITE 
 
LOOK for signs of flooding or other drainage problems and RECORD THIS INFORMATION.   
 

ASK several locals about drainage issues they have noticed at the site.  Realize that interviews will 
not normally provide accurate information, but can reveal general issues.   

 
MARK RECOMMENDED DRAINAGE ROUTES on a copy of the proposed masterplan while on 

site. 
 

ASSIST IN TOPOGRAPHIC SURVEY.  Make sure all topographic characteristics relevant to 
drainage are included in the survey. 

 
 

GENERAL COMMENTS 
 
Our policy is for civil engineer volunteers to have a ZERO burden when they get on the airplane to 
go home from India.  All recommendations and observations should be collected, documented and 

turned over to the project leader before leaving the project site.  Daily design meetings with the 
eMi

2
 civil staff member (or eMi

2
 civil intern) and the civil volunteers are HIGHLY encouraged during 

the project trip.   
 

Design systems which keep maintenance to a minimum. Exception would occur when the following 
factors exist: (1) there is significant public health risk without more complex systems; (2) there is 

specific request from the client to have more environmentally friendly systems; (3) the client is 
capable of maintaining the system or procuring the needed help. 
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Appendix A: Indian Standards of Water Usage 
B.C. Punmia, Askok Jain, and Arun Jain.  Environmental Engineering-I: Water Supply 
Engineering. New Delhi: Laxmi Publications, 1995 
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Appendix B:  Water for the World “Village Use Only” 
Water for the World: Estimating Sewage or Washwater Flows, Technical Notes No. SAN. 
2.P.2; U.S. Agency for International Development by National Demonstration Water 
Project, Institute for Rural Water, and National Environmental Health Association 
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Appendix C:   
Santosh Kumar Garg.  Hydrology and Water Resources Engineering. Delhi: Khanna 
Publishers, 2000 
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Appendix D:  Drinking Water Standards 
C.S. Ramasesha.  “Ground Water Quality and its Effects on Human Health.”  Special 
Lecture DST Sponsored Second SERC School on “Mathematical Modelling on 
Atmospheric Pollution” 
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Appendix E:  Soil Test  
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Appendix F:  Percolation Test 
Water for the World: Determining Soil Suitability, Technical Notes No. SAN. 2.P.3; U.S. 
Agency for International Development by National Demonstration Water Project, Institute 
for Rural Water, and National Environmental Health Association 
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Appendix G:  Wastewater Application Rates 
 

eMi
2
 Recommended Rates of Wastewater Applications for Trench and Bed Bottom Area

a
:  

 

 
 

Soil Texture 

Percolation           

Rate   

Application  

Rate
b 

 Min/in Lpd/ft
2
 

   
Gravel, coarse sand <1 Not Suitable

c 

Coarse to medium sand 1-5 8.2 
Fine sand, loamy sand 6-15 5.4 

Sandy loam, loam 16-30 4.1 
Loam, porous silt loam 31-60 2.9 

Silty clay loam, clay loam
d 

61-120 1.3 
 
 
To determine the allow able rate of application, use the results from the percolation test 
and the table above.  This information w ill be used to determine the size of the soakage 
pit or trench, cesspool, or absorption f ield. 
 
 

a. May be suitable estimates for sidewall inf iltration rates 
b. Rates based on septic tank eff luent from a domestic w aste source.  A factor of 

safety may be desirable for w aste of signif icantly different character 
c. Soils w ith percolation rates <1 min/in can be used if the soil is replaced w ith a 

suitably thick (>2ft) layer of loamy sand or sand 
d. Soils w ithout expandable clays 
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