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understanding of the planning, design, and 
installation of livestock watering systems.  It will 
help you learn and understand the basic 
concepts in water distribution systems and their 
components.



 

 

This page left blank intentionally. 
 
 



CHAPTER 1  
 

INTRODUCTION 
 

TABLE OF CONTENTS 
 
 

 
Part 1.1  Purpose and Objectives 1-3 
Part 1.2  Introduction 1-3 

 Part 1.3   Glossary 1-4  
Part 1.4  Conversions and Abbreviations 1-16 

 
 

 1-1  



 

1-2 

 

This page left blank intentionally.



 

1-3 

 

CHAPTER 1  
 

INTRODUCTION 
 
 
1.1 Purpose and Objectives 
 
The purpose of this South Dakota (SD) Livestock Water Systems Technical Note is to provide 
Natural Resource Conservation Service (NRCS) personnel and others, where appropriate, with 
detailed technical information and procedures which may be used for planning, design, and 
installation of water supply systems for livestock in SD. 
 
Pipelines are now the most common form of water development in SD.  Proper planning and 
design, together with quality construction, will insure a dependable water system which will 
supply the water needs of the livestock and serve the conservation needs of the grazing unit for 
many years. 
 
Livestock watering systems are installed to (1) provide a distribution system for a dependable 
water supply; (2) to distribute grazing to allow proper grazing use on rangelands; (3) to provide 
for efficient utilization of water supplies; (4) to maintain and improve plant growth and cover; 
and (5) to prevent erosion resulting from overgrazing near water sources.  Other domestic water 
use such as household or farmstead uses are commonly planned and incorporated into the 
distribution system design.  Consideration must be given to the effect these “other uses” may 
have on eligibility of any applicable funding programs.  
 
This technical note may serve as a reference and guide for planning, design, installation, and 
operation.  It does not set NRCS policy or standards.  Policy and standards are referenced by the 
NRCS in the National Planning Procedures Manual, the National Engineering Manual, or 
applicable program manuals.  The practice standards are contained in Section IV of the South 
Dakota Technical Guide (SDTG) located on the electronic Field Office Technical Guide. 
 
1.2 Introduction 
 
Stockwater pipelines, in SD, can vary from relatively short lines of a few 100 feet installed on 
relatively level terrain for one individual; to systems of 100 or more miles installed through 
terrain of extreme elevation differences for water user groups involving many users.    

The advantages of stockwater pipelines are demonstrated by the thousands of miles of line 
constructed in recent years.  Pipelines offer excellent dependability and provide water even 
during drought years when surface water may be nonexistent.  Watering sites and tank placement 
have very few limitations; therefore, pipelines offer the most alternatives for grazing distribution.  
Also, water quality and availability for piped systems will usually provide economic benefits 
through increased gains and livestock health when compared to surface water alternatives.    

Planning and design of a livestock watering system may be complex.  These systems can be a 
significant investment.  It is very important that they be correctly planned, designed, and 
installed to be economical, functional, and last for the planned life of the project.  This technical 
note is dedicated to providing some of the information and tools needed to accomplish this job. 
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1.3 Glossary 
 
Acidity  A condition of water when the pH is below 7.  See pH. 
 
Alkalinity  A condition of water when the pH is above 7.  See pH. 
 
Air Gap Separation of one water source from another by air to 

eliminate any chance of backflow. 
 
Air lock A blockage of water flow caused by trapped air. 
 
Air Release Valve A device in pipeline to release collected air. 
 
Air-Vac-Air Release Valve  Valve which releases air as well as allows air to enter a 
(3 way) pipeline. 
 
Aquifer  A water-saturated geologic unit or system that yields water 

to wells or springs at a sufficient rate that the wells or 
springs can serve as practical sources of water. 

 
Artesian Well  A well where the water rises above the surface of the water 
(Flowing and Nonflowing)  in the aquifer.  It is a flowing artesian well if the water rises 

 above the surface of the earth. 
 
Automatic Pressure System A system controlled by a pressure switch.  A pressurized 
 tank stores water between cut-in and  cut-out pressure 
 settings. 
 
Back Pressure A pressure that can cause water to backflow into the water 
 supply when a user’s water system is at a higher pressure 
 than the source. 
 
Barometric Variations Atmospheric pressure changes due to changes in weather 
 and high or gusty winds. 
 
Check Valve A special valve with a hinged disc or flap that opens in the 

direction of normal flow and is forced shut when flows 
attempt to go in the reverse or opposite direction of normal 
flows. 

 
Cistern A nonpressurized tank (usually underground) for storing 

water. 
 
Clearance Head Certain vertical distance above the natural ground at which 

the hydraulic grade line passes. 
 
Coliform Bacteria  A group of bacteria present in fecal waste.  If found in 

water, the water is likely unsafe to drink because of the 
possible presence of disease causing bacteria. 

 
Cone of Depression As water approaches a well that is being pumped, the slope 

of the water table increases.  As distance from the well 
increases, the slope becomes flatter until it merges with the 
water table level beyond the influence of the well.  The 
water surface within the influence of a pumped well is an 
inverted cone with its apex in the well and its base in the 
static water table.  This is known as the cone of depression. 
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Consolidation Formation  A naturally occurring geologic formation that has been 
lithified (turned to stone).  The term is sometimes used 
interchangeably with the word “bedrock.”  It includes rocks 
such as basalt, rhyolite, sandstone, limestone, and shale.  
Commonly, this type of formation will stand at the edges of 
a bore hole without caving in. 

 
Contamination  The introduction into water of microorganisms, chemicals, 

toxic substances, wastes, wastewater, or radioactive 
material that will degrade water quality.  Also included is 
the introduction of heated or cooled water into the ground 
water if the changing of the water temperature renders the 
water less usable. 

 
Contaminated Water  Water that contains a disease-causing toxic substance. 
 
Control Point  A feature elevation or pressure setting which controls or 

necessitates minimum system operating pressures  
 

Cross Connection  A link or channel between pipes carrying contaminated 
water and pipes carrying potable water.  Contaminated 
water, if at higher pressure, enters the potable water system. 

 
Delivery Rate  The rate at which a quantity of water is delivered in a 

certain time period to a given location. 
 
Design Factor (DF)  The multiplier that is used to reduce the hydrostatic design 

basis to arrive at the hydrostatic design stress, from which 
the pressure class is calculated.  Unless otherwise noted, 
the design factor used in this standard is 0.5.  NOTE:  
Because the strength of polyethylene (PE) materials 
depends on the duration of loading, the effective safety 
factor based on a design factor of 0.5 will vary with end-
use conditions.  For the PE materials covered in this 
standard, when subjected to loading at maximum system 
working pressure and service temperature, the effective 
safety factor ranges from three or more for short-term 
loading to two for long-term loading. 

 
Design Water Surface  The line showing the pressure head or piezometric head, 
Elevation (hydraulic  at any point in the pipe. 
grade line) 
 
Diaphragm-Type Tank  A flexible diaphragm separating air and water in the tank.  

This type of tank may be buried. 
 
Dimension Ratio (DR)  The ratio of the specified average inside diameter to the 

specified minimum wall thickness.  
 
Domestic Use  As defined by SD State Water Law – drinking, washing, 

sanitary, and culinary uses by an individual or household; 
irrigation of a noncommercial garden, trees, etc., not 
exceeding one acre in size; stock watering; use in schools, 
parks, and public recreation areas.  Domestic use may not 
exceed 25,920 gallons per day (gpd) or a peak pump rate of 
25 gallons per minute (gpm). 

 
 
 



 

1-6 

 

Drawdown  The vertical distance the water level drops in a well 
pumped at a given rate. 

 
  The water storage in a pressure tank available for use 

between the high and low pressure operating points 
 
Elongation  Extension or lengthening of a pipe. 
 
Encrustation  A mineral scale chemically or physically deposited on 

wetted surfaces, such as, well screens, gravel packs, and in 
tea kettles. 

 
Energy Grade Line (EGL)  A line that represents the elevation of energy head (in feet) 

of water flowing in a pipe, conduit, or channel.  The line is 
drawn above the hydraulic grade line (gradient) a distance 
equal to the velocity head (V2/2g) of the water flowing at 
each section or point along the pipe or channel.  Also see 
Hydraulic Grade Line. 

 
Evaporation  The loss of water from an area into the atmosphere. 
 
Flexible Plastic Pipeline  Material, which comes in coils, is used for most “pull-in” 

type systems.  PE pipe is a commonly used material. 
 
Float Switch Operated System A pumped pipeline system in which the pump is turned on 

or off with a float switch located at the highest tank in the 
system. 

 
Float Valve Box  A small tank with a float valve strictly used for pressure 

regulation. 
 
Flow Rate  The quantity of water available and/or needed per minute, 

per hour, or per day to satisfy the requirements of people, 
livestock, and water fixtures. 

 
Flushing  A method used to clean water distribution lines.  Hydrants 

are opened and water with a high velocity flows through 
the pipes, removes deposits from the pipe, and flows out 
the hydrants. 

 
Friction Losses  The head, pressure, or energy (they are the same) lost by 

water flowing in a pipe or channel as a result of turbulence 
caused by the velocity of the flowing water and the 
roughness of the pipe, channel walls, and restrictions 
caused by fittings.  Water flowing in a pipe loses pressure 
or energy as a result of friction losses.  Also see Head Loss. 

 
Frost Depth The maximum depth at which soil material will freeze. 
 
Frost Proof Concrete Tank A tank that is predominantly buried with insulating earth 
 cover and stores livestock water that seldom freezes. 
 
Gage Pressure The pressure within a closed container or pipe as measured 

by a gage.  In contrast, absolute pressure is the sum of 
atmospheric pressure (14.7 lbs./sq. in.) plus pressure within 
a vessel (as measured by a gage).  Most pressure gages read 
in “gage pressure” or pounds per square inch gage pressure 
(psig). 
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Grains Per Gallon The weight of a substance, in grains, in a gallon.  
Commonly, grains of minerals per gallon of water as a 
measure of water hardness. 

 
Gravel Pack or Filter A gravel envelope surrounding the well screen designed to 

prevent sand from entering the well.   
 
Gravity Pipeline System A watering system in which the water supply is higher than 

all points in the pipeline and no pump is required. 
 
Ground Water  Water that has filtered down to a saturated geologic 

formation beneath the earth’s surface. 
 
Hardness Minerals  Minerals dissolved in water that increase the scaling 

properties and  decrease cleansing action--usually calcium, 
iron, and magnesium. 

 
Hazen - Williams Formula A formula widely used for computing pipe flow in 

waterworks design.  It is an empirical equation based in 
laboratory and field observations. 

 
Head A measure of water pressure, in feet of water or pounds per 

square inch (psi).  1 psi = 2.31 ft. of water. 
 
Head Loss The head, pressure, or energy (they are the same) lost by 

water flowing in a pipe or channel as a result of turbulence 
caused by the velocity of the flowing water and the 
roughness of the pipe, channel walls, or restrictions caused 
by fittings.  Water flowing in a pipe loses head, pressure, or 
energy as a result of friction losses.  Also see Friction 
Losses. 

 
High Density Polyethylene  Tougher high density polyethylene plastic material, able to  
Pipe – HDPE    be used for above ground installations. 
 
High Head Gravity System This system is often located at the end of a pumped 

pipeline, starting at a storage tank at the top of the hill for 
drawing water from a water source. 

 
Hydraulic Grade Line (HGL) The surface or profile of water flowing in an open channel 

or a pipe flowing partially full.  If a pipe is under pressure, 
the hydraulic grade line is at the level water would rise to in 
a small vertical tube connected to the pipe.  Also see 
Energy Grade Line. 

 
Hydraulic Gradient The slope of the hydraulic grade line.  This is the slope of 

the water surface in an open channel, the slope of the water 
surface on the groundwater table, or the slope of the water 
pressure for pipes under pressure. 

 
Hydraulic Ram A water pump in which the downward flow of naturally 

running water is intermittently stopped by a valve so that 
the flow is forced upward through an open pipe into a 
reservoir. 

 
Hydrostatic Design Basis   The categorized long-term hydrostatic strength in the 
(HDB) circumferential or hoop direction as established from long-

term pressure tests performed in accordance with ASTM 
D2837. 
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Hydrostatic Design Stress  The maximum allowable working hoop stress in the pipe  
(HDS)  wall when the pipe is subjected to sustained long-term 

hydrostatic pressure.  For use in this standard, the 
hydrostatic design stress is determined by multiplying the 
hydrostatic design basis by a design factor. 

 
Hydrostatic Pressure  (1) The pressure at a specific elevation exerted by a body of 

water at rest, or (2) In the case of groundwater, the pressure 
at a specific elevation due to the weight of water at higher 
levels in the same zone of saturation. 

 
Inside Dimension Ratio  The ratio of the specified average inside diameter to the  
(IDR)  minimum wall thickness.  The ratio shall be rounded off, 

when necessary, to the nearest 0.5 or 0.1, whichever is 
applicable. 

 
Inspection Riser A vertical pipe through which observations can be made, as 

to the condition and functioning of a closed conduit. 
 
Inspector The authorized representative of the purchaser, who is 

entrusted with the inspection of products and production 
records, and the observance of production operations and 
quality-control tests to ensure that products comply with 
the requirements of this standard and the purchaser. 

 
Intermediate Storage A holding tank included in a water system when the water 

source does not supply the peak use rate. 
 
Internal Combustion A pump that employs a piston-type engine that uses a  
Engine Powered Pump combustion process occurring at constant volume, at 

constant pressure, or by a combination of both. 
 
Internal Friction Friction within a fluid (water) due to cohesive forces. 
Jet (or ejector) Pump A pump, usually centrifugal type, with a jet or ejector 

assembly.  It has few moving parts and both shallow-well 
and deep-well jets can be offset from the well.  It can 
provide high capacity at low heads. 

 
Kinetic Energy Energy possessed by a moving body of matter, such as 

water, as a result of its motion. 
 
Langelier Index An index reflecting the equilibrium pH of a water with 

respect to calcium and alkalinity.  This index is used in 
stabilizing water to control both corrosion and the 
deposition scale.  Langelier Index = pH - pHs. 

 
License  A certification, required by the state government, of a 

person or firm  engaged in well drilling. 
 
Lift (L) The vertical distance from the water level in the well during 

pumping to the ground surface or some other specified 
point such as the center of the discharge pipe. 

 
Low Pressure Gravity System A system designed with line pressure below 15 pounds per 

square inch (psi) at all points in the line.  The flow rate is 
usually whatever the water source will provide. 

 
Manning’s Roughness A roughness factor along a flow path.  It is a function of  
Coefficient Reynolds number, Weber number, and relative roughness. 
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Manual or Timer Operated System where high pressures make it impractical to use an 
System automatic pressure system. 
 
Measuring Wheel A device having a circular wheel and a counter, used to 

determine distances between points. 
 
Milligrams Per Liter   The weight of a substance, in milligrams in a liter.  1 mg/l  
(mg/l)  = 1 oz. per 7,500 gallons.  It is equivalent to parts per 

million (ppm); see Parts per Million. 
 
Mineralized Water  Any naturally occurring ground water that has a high 

chemical content. 
 
Neutrality  A condition of water when the pH is at 7.  See pH. 
 
Operating Head  The hydraulic pressure at the design flow condition 
 
Operation, Maintenance, The processes of properly using, maintaining, and replacing  
and Replacement (O,M, &R) components of conservation practices. 
 
Orifice An opening (hole) in a plate, wall, or partition.  An orifice 

flange or plate placed in a pipe consists of a slot or a 
calibrated circular hole smaller than the pipe diameter.  The 
difference in pressure in the pipe above and at the orifice 
may be used to determine the flow in the pipe. 

 
Oxidation A chemical reaction between a substance and oxygen. 
Palatable Water Water of acceptable taste.  May also include nonoffensive 

appearance and odor. 
 
Parts Per Million (ppm)  A measure of concentration; one unit of weight or volume 

of one  material dispersed in one million units of another; 
e.g., chlorine in water, carbon monoxide in air.  Equivalents 
to indicate small size of this unit:  1 ppm = 1 oz. per 7,500 
gallons; 1 kernel of corn in 13 bushels; 6 1/4 sq. in. in an 
acre. 

 
Peak Sun Hours  The equivalent number of hours per day when solar 

irradiance (solar energy) averages 1,000 watts/m2. 
 
Peak Use Rate  The flow rate necessary to meet the expected maximum 

water demand in the system. 
 
Polyethylene (PE) Pipe Plastic pipe based on polymers made with ethylene as 

essentially the sole monomer. 
 
pH Actual measure of the acidity or alkalinity of a solution, 

numerically equal to 7 for neutral solutions, increasing with 
increasing alkalinity and decreasing with increasing acidity. 

 
Pipe Friction Loss The loss of energy or head resulting from turbulence 

created at the boundary between the sides of the conduit 
and flowing water. 

 
Pipe Joints The fabricated connection between pipe lengths; this is a 

watertight junction. 
 
Pipeline A conduit or pipe used for conveying water. 
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Pipeline Drains A controlled outlet at all low spots in pipelines that are 
subject to freezing. 

 
Piston Pump A double-acting piston pump that sucks water from the 

well [water source] during both strokes and forces the 
water out the pressure side. 

 
Pitless Adaptor A fitting attached to the side of a well casing below frost 

line used for providing a disconnect between pump drop 
pipe and pipeline without the need for a pit. 

 
Plain Pressure Tank In a plain pressure tank, air can be lost over time.  There is 

no diaphragm or barrier between compressed air and water. 
 
Plastic Pipe A hollow cylinder of a plastic material in which the wall 

thickness are usually small when compared to the diameter 
and in which the inside and outside walls are essentially 
concentric. 

 
Polluted Water Water containing a natural or man-made impurity. 
 
Pollution The impairment (reduction) of water quality by 

agricultural, domestic, or industrial wastes (including 
thermal and radioactive wastes), to a degree that has an 
adverse effect on any beneficial use of water. 

 
Polyethylene (PE) Plastic  Thermoplastic extrusion material prepared by 

polymerization of no less than 85 percent ethylene and no 
less than 95 percent of the total olefins by weight, plus the 
addition of compounding ingredients. 

 
Potable Water  Water safe for human consumption and general household 

use.  
 
Pressure Class (PC)  The design capacity to resist working pressure at 73.4 

degrees Fahrenheit (23 degree Celsius) maximum service 
temperature with an allowance for surge pressure.  The 
following expressions, commonly known as the ISO 
equations, * are used to calculate pressure class:  

 
  For OD-based pipe or tubing:  PC =  2    x   HDB x DF   
               DR-1 
 
Pressure Control A method of influencing or stabilizing the pressure at a 

certain point in a system. 
 
Pressure Differential The difference in pressure between the trip point (cut-out) 

and reset point (cut-in) pressure on an automatic pressure 
system 

 
Pressure Head The vertical distance (in feet) equal to the pressure (in psi) 

at a specific point.  The pressure head is equal to the 
pressure in psi times 2.31 ft/psi. 

 
Pressure Gauge A device for measuring fluid pressure. 
 
Pressure Rating (PR) The maximum rating at which a component is able to 

perform in a system. 
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Pressure Regulator An adjustable valve used to limit maximum water pressure. 
 
Pressure Switches They are designed for certain pressure ranges and electrical 

services. 
 
Pressure System Systems in which pressure is in excess of atmospheric 

pressure. 
 
Pressure Tank An enclosed pneumatic tank in which air can be 

compressed but water can not. 
 
Pressure Test A test in which current pressure can be estimated anywhere 

in a system. 
 
Pounds per Square Inch Pounds per Square Inch Gage pressure.  The pressure with  
Gage (PSIG) a closed container or pipe measured with a gage in pounds 

per square inch.  See Gage Pressure. 
 
Pump Cycle Period of time, between switch-on and switch-off controls, 

that a pump operates. 
 
Pump Cycle Timer A device used to control the pump cycle. 
 
Pumping Level (h) Static head or depth of water in well while pumping  
 
Pumping Water Level The vertical distance in feet from the centerline of the 

pump discharge to the level of the free pool while water is 
being drawn from the pool. 

 
Photovoltaic (PV) Panel A power supply made up of solar cells which generates 

direct current (DC) current from solar radiation 
 
Polyvinyl Chloride (PVC) pipe Polyvinyl chloride is a commonly used type of pipe used 

for stockwater pipelines.  This is a rigid plastic pipe which 
usually comes in 20-foot lengths. 

 
Quadrangle Map  The land area shown on one atlas sheet charted by the 

United States Geological Survey (USGS). 
 
Reserve Storage A volume of reserve water used in the system in the event 

of a water shortage. 
 
Route Survey A topographic measurement to determine relative 

differences in elevation between points, some distance 
apart. 

 
Rubber Gasket Joint A joint connection with a circular rubber liner, to aid in 

maintaining water tightness. 
 
Saline Water Water containing mineral salt. 
 
Salinity (1) The relative concentration of dissolved salts, usually 

sodium chloride, in a given water.  (2) A measure of the 
concentration of dissolved mineral substances in water. 

 
Saturation The condition of water when if it has taken into solution the 

maximum possible quantity of a given substance at a given 
temperature and pressure. 
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Schedule (Pipe) PVC pipe that has the same physical dimensions as iron  
 pipe. 
 
Seepage The process of a fluid slowly passing through small 

openings or pores. 
 
Shut-Off Valve A pipeline valve with which flow can be interrupted. 
 
Solar Insolation The amount of solar radiation or solar energy per unit area 

on a horizontal surface. 
 
Solar Powered Pump System A pumping system employing solar panels containing 

photovoltaic cells to convert sunshine into electrical energy 
to power 12-, 24-, or 36-volt water pumps. 

 
Softening The process of removing hardness caused by calcium and 

magnesium minerals  
 
Spring  A place on the earth’s surface where ground water emerges 

naturally. 
 
Spring Box  A formed box located near a naturally occurring spring.  

Box is used to control outflow for desired use. 
 
Standard Dimension  The ratio of the specified average outside diameter to the  
Ratio (SDR) specified minimum wall thickness.  This ratio is common to 

all pipe sizes of a specific standard dimension ratio series. 
 
Static Water Table  The surface level of the ground water at the top of the 

saturated zone in a water-bearing formation. 
 
Steel Pipe An enclosed conduit made of strong durable material. 
 
Stockwater Tank An enclosed container used to store water for livestock 

consumption. 
 
Static Head When water is not moving, the vertical distance (in feet) 

from a specific point to the water surface is the static head.  
(The static pressure in psi is the static head in feet times 
0.433 psi/ft.)  Also see Dynamic Pressure and Static 
Pressure. 

 
Static Pressure When water is not moving, the vertical distance (in feet) 

from a specific point to the water surface is the static head.  
The static pressure in psi is the static head in feet times 
0.433 psi/ft.  Also see Dynamic Pressure and Static Head. 

 
Static Water Depth The vertical distance in feet from the centerline of the 

pump discharge down to the surface level of the free pool 
while no water is being drawn from the pool or water table. 

 
Static Water Level (1) The elevation or level of the water table in a well when 

the pump is not operating.  (2) The level or elevation to 
which water rises in a tube connected to an artesian aquifer, 
or basin, or conduit under pressure. 

 
Submersible Electric Pump A electric powered pump that operates below the water 

level.  It produces a smooth, even flow. 
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Suction Lift The NEGATIVE pressure (in feet of water or inches of 
mercury vacuum) on the suction side of the pump.  The 
pressure can be measured from the centerline of the pump 
DOWN TO (lift) the elevation of the hydraulic grade line 
on the suction side of the pump. 

 
Sump A hole at the lowest point of an appurtenance in a pipeline 

into which water is drained in order to be pumped out. 
 
Sun Exposure Radiation energy that may affect the characteristics of 

processed material, i.e., plastic, fiberglass, other materials. 
 
Surge Pressure The maximum positive transient pressure increase 

(commonly called water hammer) that is anticipated in the 
system as the result of a change in velocity of the water 
column. 

 
Surge Chamber A chamber or tank connected to a pipe and located at or  
(control tank) near a valve that may quickly open or close or a pump that 

may suddenly start or stop.  When the flow of water in a 
pipe starts or stops quickly, the surge chamber allows water 
to flow into or out of the pipe and minimize any sudden 
positive or negative pressure waves or surges in the pipe. 

 
Surging  Forcing water back and forth rapidly and with more than 

normal force in a well or other part of the water system. 
 
Tank Pressure Rating Maximum pressure that a tank will safely hold. 
 
Timed or Manual Pressure A pipeline system in which a pump is used to pressurize 
System the system and a timer to turn the pump on or off.  It is used 

where high pressures make it impractical to use an 
automatic pressure system. 

 
Total Dynamic Head (TDH) When a pump is lifting or pumping water, the vertical 

distance (in feet) from the elevation of the energy grade 
line on the suction side of the pump to the elevation of the 
energy grade line on the discharge side of the pump. 

 
Trenching The process of excavating a long, narrow ditch embanked 

with its own soil and used for protecting an encased 
pipeline. 

 
Trough A long, narrow, generally shallow receptacle, especially 

one for holding water for animals. 
 
Turbine Booster Pump Pump with internal parts similar to a submersible pump.  It 

can be used to boost pressure from sources such a domestic 
water supplies and storage tanks. 

 
Ultraviolet Radiation Of or relating to the range of radiation wavelengths form 

approximately 4,000 angstroms, just beyond the violet in 
the visible spectrum, to approximately 40 angstroms, on the 
border of the x-ray region. 

 
Vacuum Relief The ability to allow air to enter a pipeline thus, eliminating 

a vacuum situation. 
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Variable Speed Pump A pump capable of varying is speed (rpm) and resulting 
discharge and thereby providing a constant discharge 
pressure as controlled by an electronic transducer (pressure 
sensing device) 

 
Velocity Head The energy in flowing water as determined by a vertical 

height (in feet) equal to the square of the velocity of 
flowing water divided by twice the acceleration due to 
gravity (V2/2g). 

 
Vented Cap Cap is assembled with capability to allow air release. 
 
Water Bars A small diversion dike constructed across the trench 

locations where the trench is traveling up or down the 
slope.  Normally, one to three feet high from bottom of 
channel to top of ridge. 

 
Water Bearing Zone A layer at some depth below ground surface that has the 

potential to produce water. 
 
Water Distribution System The distribution of water from a source to the locations 

where it can be used (includes pipeline, valves, vents, and 
other related appurtenances). 

 
Water Hammer The sound like someone hammering on a pipe that occurs 

when a valve is opened or closed very rapidly.  When a 
valve position is changed quickly, the water pressure in a 
pipe will increase and decrease back and forth very quickly.  
This rise and fall in pressures can cause serious damage to 
the system. 

 
Water Storage A contained area used to store a volume of water for later 

use. 
 
Water Treatment  A process to improve the quality of water. 
 
Water Well  A man-made hole in the earth from which ground water is 

removed. 
 
Weber Number A dimensional ratio of the internal force to the surface 

tension force. 
 
Wind Generator Powered Wind generators can be used to power low volume pumps. 
Pump The generators may be more reliable than windmills 

because there are less mechanical components. 
 
Windmill A mill or other machine powered by a wheel of adjustable 

blades or slats rotated by the wind. 
 
Winterizing To equip or prepare for cold freezing weather. 
 
Well Casing  A rigid pipe installed in the well to prevent the walls from 

sloughing into the well. 
 
Well Development  A process to increase or maintain the yield of a well. 
 
Well Driller  Any person who excavates, develops, or opens a well. 
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Well Drilling  The act of constructing a new well or deepening or 
modifying an existing well. 

 
Well Drilling Report  A written report concerning the log of a well. 
 
Well Rig  Any power-driven percussion, rotary, boring, digging, 

jetting, or auguring machine used in the construction and 
development of a well. 

 
Well Screen A perforated or slotted section of pipe or screen used to 

separate the well water from the surrounding aquifer. 
 
Well Stabilizer  Material or grout placed around the outside of the well 

casing to hold it in place. 
 
Working Pressure  The maximum anticipated sustained operating pressure, in 

pounds per square inch gauge, applied to the pipe, 
exclusive of surge pressures. 
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1.4 Conversions and Abbreviations 
 

CONVERSIONS 
 
To Convert From To  Multiply By 
Acres Square Feet 43,560 
Acres Square Yards 4,840 
Acre Feet Gallons 325,851 
Cubic Feet Gallons 7.48 
Cubic Feet Cubic Inches 1,728 
Cubic Feet per Second Gallons per Minute 448.8 
Head (Feet of Water) Pressure 0.434 
Gallons Cubic Inches 231 
Gallons Cubic Feet 0.133 
Gallons Pounds of Water 8.33 
Gallons Liters  3.785 
Gallons Per Minute Gallons Per Hour 60 
Milligrams Per Liter Parts Per Million 1 
Milligrams Per Liter Grains Per Gallon 17.1 
Parts Per Million Pounds Per Gallon 8.35x10-6 
Pressure (Pounds Per Square Inch) Head (Feet of Water) 2.31 
 
 
 
 

ABBREVIATIONS 
 
     ac.-ft.  acre-feet 
     in.  inches 
     ft.  feet 
     gal.  gallons 
     gpm  gallons per minute 
     gpd  gallons per day 
     gph  gallons per hour 
     gpg  grains per gallon 
     mg/l  milligrams per liter 
     ppm  parts per million 
     psi  pound per square inch 
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                                                 CHAPTER 2 
 

PLANNING CONSIDERATIONS 
 
 

2.1 General 
 
The initial step in planning a system is doing a thorough job of identifying the problems and 
collecting information.  It is quite common to be dealing with problems associated with developing a 
water source, developing or providing power, pump requirements, storage needs, easements etc., in 
order to develop a solid plan for the water system or pipeline which will distribute the water.  
Determine the landowner's objectives and determine if those objectives are consistent with the 
purpose of the conservation practice.  The primary purpose of the conservation practices associated 
with developing a livestock water system is to provide water for distribution of grazing.  Water for 
other domestic uses, such as, homes, farmstead corrals, etc., is commonly included in the system 
design.  For systems which include water uses other than grazing, program guidelines may reduce 
funding eligibility.  
 
2.2 Resource Inventory 
 
A complete inventory of existing resources and conditions provides the basic information necessary 
to provide the operator with a competent, functional, and cost effective design that meets the 
intended objectives.  Asking the right questions and collecting pertinent information during the 
initial stages of a project will be extremely beneficial during the design process and ultimately save 
time during the installation phase.  Information which must be obtained for a water system can vary 
considerably depending on the complexity of the water sources to be utilized, existing installations, 
and the physical size of the area being served.  Information should include: 
 
2.2.1 Water Source information 
 
• If the water source is a new well, obtain a copy of the well log from the operator or 

from the Department of Environment and Natural Resources (DENR).  The well log 
contains the following information:  well depth, casing size, depth to water, drawdown, 
estimated well yield and water temperature.  Also, obtain a copy of the water quality 
analysis which is required by state standards for all domestic use wells.  The water 
quality analysis will determine suitability for livestock and human consumption.   

 
• If the source is an existing well and water system currently in-service, the following 

information should be obtained as applicable:   
 
 1. Pressure switch settings, storage tank elevations; 
 2. Pressure regulator settings at meter pit, well pit or in-line valves; 
 3. Owner’s opinion of dependability and yield of well; 
 4. Existing pump model and type (records should be available from the pump  
  installer); 
 5. Pressure, flow and temperature from flowing artesian wells; 
 6. Existing line sizes, material and pressure rating; 
 7. Pressure and flow at existing outlet where connection is planned; 
 8. Pressure rating and volume of existing pressure tanks. 
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The pump and pressure tank information is crucial if operating pressures need to be increased 
substantially or if additional livestock are being added to the system.  The pump model is needed 
to make the determination if the existing pump is adequate to serve the new line.  A pump curve 
will show capacity vs. discharge head and can usually be obtained from the pump manufacturer’s 
Web site or from catalogs if the model number is known.  If an existing pump needs replacement 
to serve the new system, a copy of the well log available from the DENR (legal description 
required) may be useful.  
 
Flowing artesian wells and existing outlets can be checked for pressure and flow using a pressure 
gauge and valve assembly as shown in Figure 2.1.  Readings are then taken with the valve fully 
closed (static condition), and with the valve opened to a flow approximating the pipeline design 
flow (hydraulic or operating condition).  Readings at intermediate flows could be obtained 
sufficient to produce a pressure/flow curve if desired (see Figure 2.4).  Flow is usually measured 
with a five gallon bucket and watch to record time.  If measurements are being taken at an 
existing outlet, pressure and flow will be affected by simultaneous water use at other outlets, 
homes, etc., and results must be evaluated accordingly. 
 

Figure 2.1 
Pressure Gauge and Valve Assembly 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Obtain a supply of various size adaptors suitable for the type of connections typically found in 
the local area.  Use three-quarter inch pipe with full-flow one-quarter turn ball valve.  Fitting 
shown (right of photo) is hose bib suitable for attaching to frost-free hydrant.    
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Figure 2.4 
Plot of Pressure vs. Flow Measurements Example 

 
 
                                                                         flow rate(gpm) = (60 sec/min.) (container volume in gallons) 
                                                                                                                   (time to fill in seconds)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A plot such as this can be developed from field measurements and used to predict the pressure 
available at a given flow rate for an existing water source.  In this example, if the water system 
design flow were 10 gpm, then approximately 62 psi hydraulic pressure would be available from 
this well (at the time of measurement). 
 
Pressure regulators installed in meter pits for rural water systems may be set at a standard setting 
such as 50 psi.  If the standard setting is inadequate for the planned line, consult with rural water 
district to determine if desired pressure can be obtained. 
 
• If the source being considered is an existing well that has no proven yield 

information due to having been out of service for some time, or due to new owners 
having no knowledge of the well, etc., then the well should be test pumped.  A pump 
should be temporarily installed capable of a flow rate approximately equal to the planned 
design flow of the system.  The well should then be pumped and drawdown measured at 
various intervals if possible.  Ideally, a well would be pumped for a 72-hour period, but 
lesser times may provide a strong indication of a dependable well yield particularly if the 
water level stabilizes and remains constant for 12 hours or more.    

 
• If the water source being considered is a new well, ground water information can be 

obtained from a variety of sources for use in determining if development of a well is 
feasible such as: 

 
 1. Presence of producing wells in the vicinity or lack thereof.   

2. SD DENR, Water Rights (water logs of existing wells, aquifer information). 
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3. USGS (publications, maps, well information), see Appendix A for a “Generalized 
Stratigraphic Column of Central and Northwestern South Dakota” showing 
geologic formations including the sedimentary bedrock aquifers. 

4. Local well drillers. 
5. USGS publications (see Appendix A for “South Dakota Ground Water Resources, 

U.S. Geological Survey Water-Supply Paper 2275” describing SD’s principal 
aquifers). 

 
Appendix A (page A-11) contains contour mapping of the top of the Dakota-New Castle 
Aquifer Contours from a mean sea level datum.  If this aquifer is present in a given 
location in the state, it is commonly the first suitable producing bedrock aquifer 
encountered.  Other producing aquifers may be encountered at greater depths.  The usual 
order of occurrence assuming the presence of all aquifers at a given location would be: 
 
1. Dakota-Newcastle  
2. Inyan Kara  

 Fall River 
 Lakota 

3. Sundance 
4. Minnelusa 
5. Madison 
 
All of the above information are estimating tools only and operators should contact a 
geologist or driller with local well experience for a more specific estimate. 
 
If water source is from surface runoff or spring developments, investigate thoroughly.  
Embankment dams and spring developments can be utilized as a source only if 
dependability is assured, since a considerable capital investment is at risk for all but the 
smallest of pipelines.  Dams should have proven dependability structurally, as well as, for 
dependability of runoff.  Reservoirs should have large storage volume (i.e., >75 ac.-ft.), a 
permanent pool approaching 25 foot depth or more, and located on a large drainage area.  
The dam should have a history of maintaining an adequate pool through extended dry 
periods.   
 
A spring should have some “history” as well.  Normally, a suitable spring for supplying a 
pipeline system would issue from a point source rather than a seep and would flow at a 
rate of 10 gpm or more.  Site features for these springs would indicate the spring has been 
flowing for decades and usually these springs are known to local residents as being 
sources of water as far back as the dust bowl era in the thirties.  There are exceptions, 
such as, very dependable springs issuing from “seeps” rather that point sources but these 
are usually located in close proximity to surface irrigation projects.  Dependable springs 
typically are fed by an identifiable layer of clean sands as opposed to seeps which usually 
issue from a zone of saturated silts or clays. 
 

2.2.2 Tank and outlet locations  

Plan with the operator to determine the desired objective of water placement with due 
consideration of achieving the conservation objective of grazing distribution (if under current 
NRCS SDTG standards, the tank spacing affects the tank sizes which will ultimately be installed 
at the outlets, then these issues should be discussed during initial planning).  Tank location will 
be affected by pipeline routing considerations which in turn is affected by ownership boundaries, 
federal and Tribal land, topography, cross fencing, highways, and railroads, etc.  The final route 
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may be altered during the final design process, but an initial general routing should be 
determined during the planning phase.  Proposed tank locations in excess of 300 ft. (130 psi) 
above well or pump locations should be given particular consideration of determining if alternate 
tank locations at lower elevation would serve the intended purpose adequately.  Installations 
requiring pressures over 125 psi are more costly, may be prone to higher maintenance, and are 
more likely to require special order components.  If an extension or expansion of the system is 
probable at some future date, the long-term needs should be considered during the initial 
planning and design of the system.  The use of USGS 7½-minute quadrangle maps, digital ortho 
images, and Global Positioning System (GPS) units are among the most valuable planning tools 
available for water systems.  Consider the following when selecting tank locations and pipeline 
route: 
 
1. Select well drained tank sites away from riparian areas if possible 
2. Locate tanks to distribute grazing. 
3. Consider fence line locations for tanks allowing multiple pasture use. 
4. Determine if existing surface water sources are dependable. 
5. Avoid routing pipeline in narrow valleys or paralleling riparian areas due to the trench 

being subject to erosion. 
6. Limit undulating terrain to the extent possible to minimize problems cause by air 

collecting at high points in line (artesian wells containing gas are most critical).  
7. Favor ridges for routing lines (see 5 and 6 above). 
8. Avoid extremely steep slopes, rocky soils, old slide areas, and other restrictive terrain. 
9. Avoid diagonally crossing long slopes to minimize need for water bars (trench will 

intercept runoff and function as a diversion which can erode trench to the point of 
exposing the pipe. 

10. Consider ownership and use a legally recorded easement for crossing neighboring land. 
11. Avoid routes through depressional wetlands or crossing linear wetlands other than 

perpendicular to flow 
 
2.2.3 Water Quantity Requirements 
 
Determine the water needs of the system based on the operator’s peak livestock numbers to be 
served.  On smaller units, each outlet may need to provide water for the entire herd.  Larger units 
may utilize grazing plans with herds spit between different pastures and; therefore, number of 
livestock served in each pasture, total herd size and season of use is important.  If homes are 
involved, an important consideration is deciding if the pipeline will be designed to provide peak 
demand flow to each home or whether a storage reservoir will be utilized at the home site.  
 
Storage reservoirs will result in smaller diameter pipeline between the source and home, but will 
require a booster pump and pressure system installation at the home.  (Please refer Chapter 3, 
Section 3.2, on design flow rates for additional information.)  Determine: 
 
1.  Type of livestock, number in each pasture and season of use. 
2.  Total number of livestock served by system. 
3.  Demands other than grazing (homes, dairy, etc.). 
4.  Storage reservoirs or cisterns available or planned. 
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2.3 Water Quality 
 
Water quality should be a major consideration when evaluating possible water source 
alternatives available for developing a water system.  
 
Generally, wells and rural water systems provide higher quality water than surface sources such 
as dams and dugouts.  Many ponds are of less than desirable quality even after filling from a 
major runoff event due to contributing areas with saline soils (common with soils derived from 
Pierre shale).  Surface water is then susceptible to degradation due to pollution from cropland 
and from livestock due to concentration of impurities from evaporation and drought, and due to 
stagnation and algae.  
 
Water quality from wells, although generally of good quality for livestock, can, in some 
locations, be quite poor, even so poor as to be dangerous to livestock.  Shallow glacial drift and 
alluvial aquifers are susceptible to pollution, usually isolated cases, commonly caused by 
contamination from feedlots, septic systems, or improper handling of fertilizer.  Deeper bedrock 
aquifers (typically artesian), although commonly very mineralized, have quality ranging from 
good to very poor.  Generally, bedrock aquifers are found at greater depths away from the Black 
Hills, with higher water temperatures and increased mineralization as distance from the Black 
Hills increases.  Wells completed into bedrock aquifers in Dewey and southeast Ziebach 
Counties commonly have total dissolved solids (TDS) levels as high as 8,000-10,000 ppm 
(dangerous for livestock, potential health effects) and sulfates as high as 1,200-2,000 (marginal 
for livestock use).  Water quality information for an aquifer planned for development can be 
obtained from a variety of sources such as: 
 
1. Water analysis from existing wells in the vicinity.   
2. The SD DENR, Water Rights (water logs of existing wells, aquifer information). 
3. The USGS (publications, maps, well information). 
4. The USGS publications (see Appendix A for “South Dakota Ground-Water Quality, U.S. 

Geological Survey Water-Supply Paper 2325” describing water quality in SD’s principal 
aquifers). 

5. The NRCS Range Technical Note No. 5 (Rev. 1) March 1, 2005. 
 
When evaluating well information, some caution is advised in the label given a particular aquifer 
on the well logs or the slang used in the local area for the aquifer developed for a particular well 
(i.e., many wells logged as Sundance in western SD have depths consistent with the Dakota-
Newcastle aquifer).   
 
Appendix A contains publications by the SD Cooperative Extension Service (CES) covering 
water treatment systems for various water quality problems.   
 
The NRCS Range Technical Note No. 5 provides information on recommended maximum 
mineral levels, possible health effects, and suggestions for dealing with poor quality water. 
 
All new domestic wells drilled, in SD, are required to be tested for bacteria and several selected 
chemicals.  When requesting a water test for a new well, most labs have a routine “new well” 
analysis which tests for bacteria and several selected chemicals, including nitrates, sodium, 
sulfates and electrical conductivity, which is an indication of total dissolved solids.  Routine 
water tests which are to check a water source for being  “safe” or “unsafe” for drinking  typically 
test for bacteria (including coliform bacteria) and nitrates.  Only water sample bottles provided 
by the lab doing the analysis should be used for collecting samples.  The SD DENR, Drinking 
Water Program (http://www.state.sd.us/denr/DES/Drinking/certifie.htm), maintains a list of 
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laboratories certified for the analysis of drinking water in the State of SD.  Many of these labs 
have Web sites and online ordering for sample bottles.  The certified list includes a number of  
 
private and governmental labs including the state health lab. 
 
 South Dakota State Public Health Laboratory 
 615 East Fourth Street 
 Pierre, South Dakota  57501 
 (605) 773-3368 
 
2.4 Central Storage  
 
Utilizing a storage reservoir in a water system may be done for a variety of reasons to insure a 
reliable, uninterrupted water supply.  Central storage reservoirs are commonly used 1) to provide 
for peak demand flows which can not be met by a low producing well or supply source; 2) as a 
regulating/supply reservoir for a booster pump; and 3) as a “water tower” when placed at a 
location of high elevation, as well as, various other uses. 
 
A tank or “cistern” installed at a farmstead is a very common application used to provide the 
storage necessary to serve a peak demand for one or more homes, but allowing the pipeline and 
water supply serving the farmstead to be relatively low volume.  If a water system is to serve a 
farmstead with household use, a key part of the design will be working with the operator to 
determine if a cistern is currently in use or is an option for the planned system.   
 
Size of the storage reservoir will vary depending on the specific situation and purpose; however, 
tanks sized to provide one-half day to one day of storage are common.  Applications, such as, 
supply reservoirs for booster pumps may require tanks of less volume, and applications, such as, 
central storage for solar systems may require multiple days of storage volume.  Each application 
needs to be evaluated based on the specific need and the availability of appropriately sized tanks.  
Examples of various applications for central storage, the appropriate locations, and common 
methods of pump control are shown in Figure 2.2 below. 
 
Reservoirs utilized for year round use on individual water systems are usually installed 
underground in a shallow bury installation with earth fill cover over the tank ranging from 0-2’ 
depending on the type of tank.  Locally manufactured pre-cast concrete tanks are available from 
a number of suppliers around the state in sizes up to approximately 5,000 gallons.  Pre-cast tanks 
of 2,500 gallons or less can usually be handled and set in place with a standard sized 
backhoe/loader; however, tanks larger than this such as the 5,000 gallon size will require an 
industrial sized loader or crane.  Commercially produced tanks suitable for direct burial 
manufactured from PE are available in sizes up to approximately 1,500 gallon and are stock 
items for distributors.  Fiberglass tanks suitable for direct burial are available by special order in 
a full range of sizes up to 40,000 gallons or more.   
 
Manufacturers of the PE and fiberglass tanks have specific backfill requirements for installation 
of their tanks which usually requires granular backfill.  Concrete cast-in-place tanks can be 
constructed onsite and sized to the exact need and are usually installed with the lid exposed and 
the earth backfilled or mounded to within a few inches of the top.  
 
Storage tanks utilized for seasonal nonwinter use may be installed above ground and may result 
in a lower cost for the initial installation compared an underground tank.  However, 
consideration should be given to the factors such as susceptibility to vandalism, degradation from 
UV rays, wind forces, and protection from livestock.  Above ground tanks to be used for a 
permanent water system should manufactured of materials with a potential design life consistent 
with the other water system components such as high quality UV resistant PE or heavy gauge 
steel. 
 
Central storage is at times mistakenly  viewed as a way to alleviate almost any water supply 
problem or is  perceived as needed in situations were the only real effects are increased capital 
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cost, system complexity and maintenance.  Examples of situations were tanks are both 
appropriate and not appropriate for use in a system: 

 
1. A well produces 5 gpm and daily well production would equal  
 5 gpm x 60 min./hr. x 24 hr. = 7,200 gal/day 
 
 Daily water need:  500 hd. livestock @ 20 gal./day minimum = 10,000 gal./day  
 
 Central storage will not eliminate this water storage problem regardless of how large 

the storage tank volume, more water is being used than is being re-supplied on a daily 
basis and the tank will run dry in a relatively few days. 

 
2. A well produces 5 gpm and daily well production would equal  
 5 gpm x 60 min./hr. x 24 hr. = 7,200 gal./day 
 
 Peak demand required: 10 gpm for house  
       3 gpm for livestock 
     13 gpm total 
 
 Daily Water Need:     360 gal./day @ house 
     3,000 gal./day livestock 
     3,360 gal./day Total 
 
 Central storage is beneficial in this situation were a low producing water source can 

meet the daily water need but not the peak demand required primarily by the house.  A 
storage tank will provide the reservoir necessary to supply the peak.  The daily water 
production is more than adequate. 

 
3. A bedrock aquifer (Inyan Kara) well produces 30 gpm.  The water system is designed for 

14 gpm.   
 
 Central storage is not needed and will only add to the complexity and cost of the 

system but serve no practical need.  In effect the aquifer is a huge storage reservoir.  
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2.5 Shallow Bury versus Installation Below Frost 
 
The standard installation depth for stockwater pipelines, in SD, is to place the pipeline below 
frost depth or to a depth of five feet, whichever is greater.  Shallow bury lines are also used in 
some installations, usually because of soil conditions which make below frost installation 
impractical.  Figure 2.3 provides the minimum burial depth for pipelines, in SD, based on 
projected frost depth in the state. 
 

Figure 2.3  
 
 

Appurtenances for all year pipelines must be designed in a way that will reduce the chance of 
pipelines freezing during winter weather.  Valves of all kinds must be protected from freezing.  
This is usually done by installing them below frost in a covered manhole or pit.  Outlets such as 
frost free hydrants or stop and drain valves, which allow the pipe above frost line to “drain back” 
when not in use, must be used.  Float valves for stock tanks can be installed under a protective 
cover as long as the float is used in conjunction with a stop and drain valve which will keep the 
pipe above frost depth from freezing due to the insulating effect of the stock tank installation. 
 
The decision as to whether or not to use a shallow buried pipeline is most often dictated by how 
deep the soil is in a given area.  Shallow soil over bedrock can make installation below frost 
depth not economically feasible if not impossible.  A pipeline that is not used in winter can be 
buried at a shallow depth and drained during freezing weather.  Such pipelines are usually buried 
12 to 30 inches deep; however, above ground installations for permanent pipelines are used in 
rare situations where the pipe must be routed across exposed bedrock.  With any shallow bury or 
above ground installation, durability of the pipe is an important consideration due to the harmful 
effects caused by freeze-thaw cycles, greater temperature fluctuations, soil shrink-swell, UV 
degradation, and possible physical damage from vehicles or livestock.  One of the advantages of 
HDPE is the toughness of the PE material from which the pipe is manufactured, which makes 
HDPE ideally suited to any installation above frost depth.   
 
It is usually advantageous to bury a pipeline below frost depth in terrain that will allow this even 
if the line is only going to be used in the summer.  A shallow bury line will require draining 
every winter, and; therefore, practice life is dependent on the operation and maintenance 
reliability of the operator.  Also, changes in ownership often result in the new owner being 
unaware of any special requirement of the water system which results in systems ruined by 
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freezing damage.  Management practices can also change the season of use which would result in 
a system susceptible to freezing damage.  Any installation cost-savings of a shallow bury 
pipeline compared to a system installed below frost should be fully evaluated to determine if 
there is a true cost advantage over the life of the practice when all factors are considered.   
 
Shallow lines must be installed to facilitate draining at all low spots.  Various sources claim the 
HDPE pipe is not damaged by freezing and in actual practice the pipe may seem unaffected by 
occasional freeze cycles.  However, the effect of long-term fatigue from repeated freeze thaw 
cycles and how this affects the design life of the pipe has not been substantiated or guaranteed by 
any manufacturer.  Therefore, NRCS specifications require the installation of drains at low spots.  
Drains for stockwater lines are typically seepage pit type drains were the water drains into a 
manhole setting on a gravel base or a drain line which “daylights” in a draw or low spot allowing 
surface drainage.  Although it is possible to vary the pipeline depth to provide the slope 
necessary for drainage to the low points, it is easier for the contractor and more common to 
install the pipeline at uniform depth and then select a route which will keep the number of low 
points to a minimum.  Shallow bury lines will require air vents which will allow air to enter the 
line if the system is to drain properly.  The vents may be air release valves which automatically 
allow air release/entry upon filling or emptying of the line or the vents may be a manual vent 
such as a hydrant.  Lines installed on extremely flat grades are susceptible to air lock caused by 
minor undulations in grade.  PE pipe is more prone to air lock problems due to the tendency of 
the PE to “coil” and the resulting difficulty of keeping the pipe on a uniform grade during 
installation.  Since PVC pipe will generally follow the trench and result in fewer small 
undulations, it may be preferred over PE for installations on very flat grades and durability can 
be improved somewhat by using a heavier walled pipe such as schedule 40.  PVC, however, will 
not tolerate any freezing and can be ruined from a single freeze cycle.   
 
2.6 Pipeline Installation Equipment 
 
The type of equipment used to install a water system depends on a number of factors of which 
the single most important overriding factor is probably what equipment is available in the local 
area.  
 
Backhoes and chain trenchers are common through out the state.  Most projects typically use 
both a chain trencher and a backhoe.  The trencher is used for the majority of the pipeline 
installation because of the speed (up to a mile per day) and efficiency of digging a trench of 
uniform width and depth.  Chain trenchers dig a trench six to eight inches wide and six feet or 
more in depth.  The machines can handle rock as large as the trench width encountered in the 
upper portion of the soil profile.  Larger rock near the bottom of the trench is difficult to remove.  
Sandy soils can be difficult for a chain trencher because of caving problems.  Backhoes are 
needed at all connection and appurtenance locations such as connections to existing water 
systems, manholes, valves, pits, oversize rock and any other situation which requires an 
excavation other than a narrow trench.  The backhoe buckets are typically 12”-24” wide and the 
machines capable of excavations 10’ or more in depth.  Projects of relatively short length (<½ 
mile) or with soil containing large rocks or ledge rock may be installed entirely with a backhoe.   
 
Trenchless plows are a more specialized type of equipment for pipeline installation used most 
often on larger projects.  Due to the mobilization cost of heavy equipment required for this type 
of installation method, as well as, this equipment most often used only by the larger construction 
companies, makes use of the plow-in method impractical for smaller projects.  The plow is 
mounted on the back of a D9 size crawler tractor and can plow in pipe (usually HDPE although 
PVC is also plowed) to depths of six to eight feet.  The pipe being installed is either mounted on 
spools on the front of the crawler or pre-joined and laid out in front of the plow and guided up 
over the crawler canopy.  The plow crawler is generally pulled by one or two other crawler 
tractors.  Plows can generally work in soils with some occasional rock if the rocks are infrequent 
in the lower third of the soil profile, and the soil in the upper portion of the profile is sufficiently 
soft (usually needs good subsoil moisture) to allow occasional rocks encountered to be lifted 
clear or pressed back into the trench soil matrix.  Surface soil disturbance is usually minimal 
requiring minor cleanup.  The plow-in installation method is not suited to use in rocky soils due 
to the limitations of the equipment and the potential for the pipe being damaged or distorted by 
rock.  Heavy clay soils may need to be pre-ripped ahead of the plow making it easier for the 
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plow train to install the pipe.  The soil disturbance in very dry heavy clays may be severe and the 
restoration to original surface contours may take many years.  Installation rates vary depending 
on pipe size (up to six inches), soil conditions, and equipment with average rates between two to 
three and one-half miles per day. 
 
Wheel trenchers and large excavators on tracks are typically used only on systems using large 
diameter pipe (>6”) and requiring a wide trench for proper pipe installation. 
 
2.7 Above Ground Pipelines 
 
Pipelines installed above ground are considered a conservation practice only under very specific 
situations, usually involving high intensity, short duration grazing using each pasture multiple 
times per year.  These above ground lines must be HDPE plastic and consideration must be given 
to routing and protection in order to protect the pipe at vehicle crossing locations and other 
potential damage areas.  
 
2.8 Alternatives 
 
Even though the landowner may have a very specific system in mind, take an overall look at 
other possible alternatives to make sure the alternative the land user wants is appropriate, the 
most feasible, and preferably the least cost.   
 
We sometimes fail to fully investigate the operator’s plans before proceeding with a detailed 
water system design.  Good, appropriately timed communication with the land user is always 
critical to success of the project.  To do otherwise will usually waste everyone's time and money.  
Too much time is spent preparing good designs for projects that are subsequently installed with 
major alterations when compared to what was planned and designed and often the cause is lack 
of communication and failure to ask the right questions.  
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CHAPTER 3 
 

PIPELINE DESIGN CAPACITY 
 

 
3.1 Water Quantity 
 
The quantity of stock water required during any given 
period depends on the type and number of stock, 
climatic conditions, and amount of natural water 
available.  The pipeline must be designed to supply 
adequate water for the highest daily (peak) use period 
occurring during the year.  Table 1 provides minimum 
daily water use for all types of livestock.   
 
Table 1 figures should be considered minimum and 
particularly for beef cattle on rangeland, the 18 gpd 
value should be increased to meet the peak use 
occurring in western SD.  In recent years, with 
metered rural water becoming more common, 
ranchers have documented daily water use varying 
depending on temperatures and forage.  Early summer 
grazing averages of approximately 18–20 gpd are 
common but as monthly temperatures increase later in 
the summer and warm-season forage matures under 
drought conditions, daily use for cow/calf pairs has 
been documented from meter readings at 28-30 gpd.  
Undocumented reports of ranchers hauling water put 
water use in +1000 temperatures at close to 40 gallons 
per day.  The designer should consider local 
conditions.  The design value for daily water use for 
grazing beef cattle (cow/calf pairs) can vary from 18 
gpd in the eastern SD to 30 gpd or more in the west.   
 
There is limited published data on water requirements 
for buffalo; however, it is generally assumed that the 
daily requirements are similar if not slightly less for 
buffalo cows, calves, and bulls as for beef cattle.   
 
Household use can vary from 50 to 100 gallons per 
person per day for uses inside the home (kitchen, 
laundry, bathing, and sanitary use).  The NRCS uses a 
design figure of 360 gallons per day per home or dwelling.  Other “outside” uses around 
a farmstead would be in addition to the amount for each home.   
 
3.2 Design Flow Rate 
 
Minimum pipeline design gpm must at least equal the flow required to provide the peak 
daily water requirement for the system in a 24-hour period.  A system designed with 
minimum capacity will require storage to provide an available supply of water when 
needed by the livestock or to provide for peak demands for homes and farmsteads.  This 
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storage usually is provided in the individual stock tanks or in storage reservoirs or 
cisterns at the farmstead.  It is customary and just good design to provide additional 
capacity in the pipeline to meet the daily requirement in a 16-hour period or less if 
possible.  The actual design flow rate will depend on the flow available at the water 
source, the size of the herd, length of the system, and the demand at any farmsteads.  
Systems serving large herds may not have well capacity to deliver the volume required in 
a 12- or 16-hour period, and the larger pipe sizes required to deliver the higher flow rates 
is a cost consideration.  Each system must be evaluated on its specific conditions.  The 
design flow rate can be calculated from the following equation:  
 
Qgpm = (Nhd)(Ggpd/hd)/(Hhrs/day)(60min/hr) +  Ffarmstead gpm 

 
Q = pipe design capacity (gpm) 
N = number of head of livestock 
G = daily water use (gallons per hd. per day) 
H = desired delivery period (hours per day) 
F = farmstead flow rate required (gpm) 
 
Example:  
 -200 hd. cow/calf pairs 
 -daily water use of 30 gallons per day  
 -provide daily water needs in 16 hrs. 
 -no farmstead use included 
  
Q =      (200 hd.)(30 gpd/hd.)        =    6.3 gpm    
              (16 hr./day)(60 min./hr.)  
 
Figure 3.1 provides a graphical solution to pipe design capacity required for the 
minimum condition (24-hour flow), as well as, 16-hour and 12-hour flow delivery time.  
Using the example above for 30 gpd per cow/calf pair and the 16-hour period, the graph 
gives a design flow of 3.15 gpm/100 head.  Therefore, for 200 head, the design flow = 6.3 
gpm. 
 
Any water system being evaluated; whether in the planning stages or discussing an 
existing system with a producer or designing a new system; can be evaluated very 
quickly for minimum capacity by utilizing a basic rule of thumb figure of 1.5 – 2 gpm for 
each 100 head of beef cattle.  Use whichever value is appropriate depending on the where 
the project is located in the state. 
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Figure 3.1 
Gallons Per Minute Per 100 Head 
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The NRCS, in SD, uses a design flow rate for a single home of 10 gpm.  The Uniform 
Plumbing Code calls for water to be delivered to homes for domestic us at a pressure of 
50-70 psi.  This provides adequate flow to have multiple fixture demand (i.e., dishwasher 
and shower) at a satisfactory pressure.  Maximum pressures (static) over 70 psi should be 
controlled using pressure regulators.  Systems delivering the design flow rate a pressures 
less than 50 psi may be acceptable, depending on the needs of the owner; however, 
pressures less than 35 psi will usually require a booster pump. 
 
For systems serving multiple homes, the design flow is based on a “diversity equation” 
due to the design assumption that not all homes will be using water simultaneously.  
Since a household is expected to use a total of 360 gallons per day, a use rate within the 
home of 3-10 gpm would relate to water use occurring between 36 and 120 minutes of 
each day.  This is normally intermittent use spread over a period of 12-16 hours.  
Therefore, a system would not have to supply 10 gpm to each home simultaneously.  
Consulting engineers on the larger rural water systems built in SD and surrounding states 
are using similar equations for peak design flow for multiple household systems.  A 
graph of four such equations is illustrated in Figure 3.2.  A tabular representation of the 
values in the graph is listed in Table 2 showing the range from low to high.  Use of 
design flow rates at the upper end of the range will provide the most conservative design. 
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Figure 3.2 
Design Flow Rate for Residential Water Use 

(Courtesy Bartlett and West Engineers, Inc., Bismarck, North Dakota) 
 

 
 
For systems serving one or more homes where it is 
neither possible nor practical to provide pipeline 
capacity adequate to serve the demand required by the 
homes, storage is then required.  The design daily water 
use for a home is 360 gallons per day which can be 
delivered over a period of 24 hours with a continuous 
flow of 0.25 gpm.  By using a storage tank (cistern) at 
the farmstead and a small booster pump to draw water 
from the tank and deliver the demand rate for the 
homes, the pipeline serving the farmstead can be 
designed with a minimum additional capacity added 
from home needs.  An additional one gpm increase over 
the design flow required for the grazing livestock will 
provide adequate water for one or more homes. 

Table 2 
Dwelling Minimum Design 

Flow  
Number of 
Dwellings 

Gallons Per 
Minute 

1 10 
2 12-15 
3 13-17 
4 14-19 
5 16-21 
6 17-23 
7 19-25 
8 20-27 
9 21-28 

10 22-30 
15 27-38 
20 31-45 
25 35-52 
30 39-59 
35 42-66 
40 46-72 
45 50-79 
50 54-85 
75 72-115 
100 91-144 
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CHAPTER 4 
 

BASIC METHODS OF OPERATION AND CONTROL 
(WATER SYSTEM TYPES) 

 
4.1 General 
 
The operation of all water systems are governed by the same basic principles and the design of 
any water system is a function of head, flow, friction, and distance.  A system may be considered 
a “pressure” system, a “gravity” system, or may have both pressure and gravity elements in the 
same system.  The only basic difference between these systems is a gravity system provides the 
head at the source by virtue of the elevation of water in a tank or water tower, and a pressure 
system provides the head at the source by virtue of a mechanical pump.  Therefore, the design of 
any pipeline system delivering water from either a gravity source or pressure source is identical 
beyond the source and is a function of pipe size, flow, and elevation difference.  Water systems 
can be categorized by the type of water supply at the source or the methods used to pressurize the 
system.   
 
4.2 Rural Water Connection 
 
Rural water systems are pumped systems with one or more elevated towers spaced throughout 
the distribution system providing storage and pressure (elevation head).  The pressure in the 
central distribution system will vary depending on demand (water use) but will normally be 
controlled by a pressure regulator in the meter pit and; therefore, will be fairly constant at the 
connection.  The pressure for the pipeline design will be the pressure regulator setting.  Rural 
water systems with demands that exceed the capacity of the system may be operating at 
abnormally low pressures.  In these situations, the design pressure used at the meter connection 
should be less than the regulator setting to provide a realistic design. 
 
4.3 Automatic Pressure System 
 
An automatic pressure system is a pumped system which uses a pressure switch and pressure 
tank to control the operation of the pump.  The purpose of the pressure tank is to control pump 
cycling and limit rapid on/off cycles which can cause pump overheating and lead to premature 
pump failure.  Pressure systems are very common for controlling submersible pumps, but may be 
used for other pumps such as jet pumps or centrifugal boosters.  The operating pressure for these 
systems is limited by the pressure rating of the pressure tank.  Pressure tanks are commonly 
available with ratings of 100 psi, 125 psi, and 150 psi.  Specialty tanks which carry an American 
Society of Mechanical Engineers (ASME) rating are available up to 250 psi or more but systems 
utilizing these tanks are rare.  Consideration should be given to using pressure tanks with 
replaceable rubber bladders for any system operating over 100 psi due to the replacement cost of 
a tank if the bladder fails.  An advantage of a pressure system is that it is automatic and requires 
little attention.  See Figure 4.1 for a sketch of a typical system. 
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Figure 4.1 

 
4.4 Timer or Manual Controlled System 
 
A timer controlled system is a pumped system which uses a timer to turn the pump on or off.  A 
central storage tank with an overflow that wastes excess water is usually located on a high point.  
Water flows from the storage tank to all other parts of the system during periods when the pump 
is off.  A stock tank can also be used in lieu of the central storage at the high point and plumbed 
with an overflow, with all lower tanks controlled with floats.  Water waste can be minimized by 
providing operators with figures showing pump hours per day required based on the livestock 
numbers and season of use (see example Figure 4.2).  Timers are a relatively low-cost 
alternative for controlling high pressure systems where automatic systems may be impractical, 
with a disadvantage being the potential waste of water and energy. 

Figure 4.2 
Example of Timer Setting and Pumping Hours 
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A manually controlled system is similar to a timer system except that the operator must 
physically be at the pump site to turn the pump on or off.  These systems are typically used on 
single tanks located at the well site and would rarely be used on a system of multiple tanks and 
larger livestock numbers because the number of pumping hours required would make monitoring 
the operation impractical.  These are very simple systems with the disadvantage of being very 
labor intensive.  See Figure 4.3 for a typical system sketch. 
 

Figure 4.3 
 

 
4.5 Float Switch or Probe Controlled System 
 
A float switch or electric probe operated pressure system is a pumped pipeline system in 
which the pump is turned on or off with a float switch or probe located at the highest tank 
in the pipeline.  

This type of system requires that an electric control wire run between the pump and tank.  The 
wire is usually buried in the same trench as the pipeline.  The switches and probes are low 
voltage and utilize small gauge wire (possibly telephone wire) connecting the switch/probe to a 
relay which controls the pump.  There may be limitations on the distance between the tank and 
pump relay depending on the equipment.  Distances of one-quarter mile or less should work for 
most equipment. 

These controls are common on solar systems to control a solar pump or when used in 
conjunction with a central storage tank.  The separation between the high and low probes in the 
storage tank provide the storage necessary for proper pump cycling and eliminate the need for a 
pressure tank and pressure switch.  This type of control is very useful for group pipelines and 
small rural water systems.  See Figure 4.4 for a typical system sketch. 
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Figure 4.4 
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4.6 Pressure Transducer and Constant Pressure Pump 
 
An electronic pressure transducer is used to control a variable speed (constant pressure) 
submersible or in-line centrifugal pump.  These systems are a variation of the automatic pressure 
system.  Rather than a standard (constant speed) pump, the variable speed pump has an infinite 
speed range which can speed up or slow to meet the demand as sensed by the transducer 
(electronic pressure sensor).  The advantage to these systems is they offer slow starts which will 
substantially reduce surge and water hammer, provide a constant discharge pressure which is 
easily adjustable, and are suited to operating pressures in the 150 psi range or over.  Since the 
pressure tanks on the constant pressure pumps are quite small (usually 2.0 - 2.2 gallon), the cost 
of these tanks is not a major component of the system expense.  These small pressure tanks are 
available in 200 psi rating.  Costs for these systems are very comparable to conventional 
systems; however, they are not “off the shelf” and the pumps and controllers would normally be 
a special order from a supplier. 
 
4.7 Gravity Flow System 
 
A gravity flow system is normally a feature incorporated into one of the other operating methods 
described above.  The elevation head is determined by the elevation of the water surface in the 
reservoir or storage tank.  Examples of true gravity flow systems would be a spring development 
and the flow issuing from the spring box, or the gravity flow to a pipeline from a central storage 
tank.  See Chapter 2 and Figure 2.2 for a discussion of typical uses for storage tanks. 
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CHAPTER 5 

PIPE DESIGN 
 

5.1 General 
 
There are several types of pipe that may be used in stockwater systems.  The most commonly 
used types are discussed below.  The pipe selected for a system is dictated by soil conditions, 
water temperature, operating pressure, installation method, location (well pit, direct burial, etc.), 
and price.  
 
When designing a pipeline, it is important to know the type of pipe to be used.  Internal pipe 
diameters vary depending on material type and pressure rating for a given nominal pipe size.  
Due to differing internal cross sectional area and differing friction loss factors, friction loss in 
long pipelines can differ considerably from one type and rating of pipe to another.  
 
Many plastic pipes are specified as having a Standard Dimension Ratio (SDR) or Dimension 
Ratio (DR).  For these pipes, as SDR or DR increases, the pipe's wall thickness decreases.  For 
Outside Diameter (OD) controlled pipes, SDR = average OD/minimum wall thickness.  For 
inside diameter (ID) controlled pipes, DR = average ID/minimum wall thickness. 
 
5.2 PVC Plastic Pipe 
 
PVC is a commonly used type of pipe for stock water pipelines.  This is a rigid plastic pipe that, 
in the configuration used for stock water pipelines, usually comes in 20 or 40 foot lengths.  PVC 
is informally called “white plastic,” although it can be any color the most common which are 
white and grey.  PVC is joined using socket ends and solvent weld cement (glue joint) or belled 
ends with integral rubber gaskets (gasketed joint).  The gasketed joint is usually available in one 
and one-half inch diameter and larger sizes and is the preferred joining method due to the rubber 
joint allowing some movement for temperature expansion or contraction and also due to the 
gasketed method being less prone to installation related defects.   
 
PVC is manufactured from natural gas and rock salt.  The natural gas is heated under pressure to 
form ethylene.  The rock salt is split by electrolysis to form chlorine and lye.  The chlorine and 
ethylene are then combined to form a vinyl chloride monomer which is joined to form long 
chains of PVC polymer (plastic).  Because the primary material used in the manufacture of PVC 
is a petroleum product, the price of pipe fluctuates somewhat in step with energy prices.  Since 
all PVC pipes are manufactured using a similar extrusion process of very similar PVC resins, the 
cost of the pipe is approximately proportional to the weight of the pipe material (resin) used.   
 
PVC pipe is known by its nominal diameter which differs somewhat from the actual ID.  Early 
iron pipe manufacturers began with walls in the smaller pipe sizes much too thick.  Later, in 
correcting this error in design for cost reduction, they took the excess thickness from the inside 
to avoid changing the sizes of companion fittings already in use.  PVC was subsequently 
manufactured with outside diameters in iron pipe sizes. 
 
When subject to long-term exposure to ultraviolet radiation (sunlight), PVC pipe will suffer slow 
deterioration.  PVC pipe should be buried or installed in an enclosure.  If PVC must be exposed, 
it should be coated or wrapped.  The coating may be exterior latex paint.  Make sure the pipe is 
thoroughly cleaned before painting.  
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Exposed pipe should be protected from mechanical damage by livestock or other hazards.  
Plastic pipe is particularly vulnerable when cold as it will easily shatter.  Smaller pipe sizes with 
relatively thin walls can also be severely damage by large hail.  
 
There are three types of PVC pipe used in pressure pipelines: 
 
SDR pressure rated pipe may be classified as SDR or DR.  Both classifications are based on a 
ratio of the OD to the wall thickness and there is no difference between SDR or DR pipe.  All 
pipes manufactured with the same material (usually 1120 PVC) and same SDR have the same 
pressure rating.  The pressure rating for SDR pipe is based on a 2.0 safety factor.  For these 
pipes, as SDR or DR increases, the pipe's wall thickness decreases.  SDR pipe is manufactured 
under specification ASTM D2241 with the OD based on the iron pipe size (IPS) system and 
available in sizes from ½” to 24.”  The IPS system is the standard used for dimensions for all 
types of valves, fittings, pumps, and other plumbing material, and; therefore; the OD of SDR 
pipe is compatible with these fittings.  SDR pipe is the most common type of PVC used for 
stockwater pipelines and joints are either solvent weld or gasketed.   
 
Schedule 40, 80, 120 PVC is also manufactured with IPS based ODs.  The pipe wall thickness is 
exactly the same as steel pipe of the same diameter corresponding to the different steel pipe 
weights (standard, extra strong, double extra strong).  Schedule pipe is used in pressure 
applications but does not carry a pressure rating stamped on the pipe.  As pipe diameter 
increases, the pressure rating decreases since the wall thickness is not proportional to the 
diameter but rather is identical to steel pipe (1¼” Schedule 40 is rated at 370 psi, 1½” is rated at 
330 psi, and 2” is 280 psi).  Schedule 40, 80, and 120 PVC is manufactured under specification 
ASTM D1785 and commonly available in sizes from ½” to 12” diameters.  PVC fittings used for 
pressure applications are either Schedule 40 or Schedule 80, and have identical thread and are 
compatible with all other IPS fittings such as steel or brass.  Schedule fittings are also compatible 
with standard dimension ratio (SDR) PVC.  Schedule pipe is commonly used in well pits and 
other plumbing applications where a heavy wall plastic is desirable for durability and corrosion 
resistance.  Schedule pipe is also common for high pressure pipeline applications where SDR 
pipe (>200 psi) may be available by special order only, whereas, the schedule pipe is normally a 
stock item.  Joints for schedule pipe are normally solvent weld. 
 
Both SDR and Schedule pipe are available in different PVC materials.  Type I, Grades 1 and 2, 
are designated PVC1120 and PVC1220, respectively.  Type II, Grade 1, is designated PVC2120, 
PVC2116, PVC2112, or PVC2110.  Normally, PVC stocked in large quantities for water system 
use is PVC 1120 or 1220.  Usual practice for the designer is to specify both the type of PVC (i.e., 
SDR 21) and the pressure rating (200 psi) to insure the specifications are fully understood by the 
installer.   
 
AWWA C900 PVC is manufactured based on either IPS ODs or cast iron pipe ODs and is a DR 
pipe.  It is usually manufactured of PVC 1120.  The DR classification is based on a ratio of the 
OD to the wall thickness and is manufactured in 4-12” sizes in DR 25 (100 psi), DR 18 (150 psi), 
and DR 14 (200 psi).  The pressure rating for C900 pipe is based on a 2.5 safety factor which 
results in a thicker walled pipe in comparison to SDR pipe of equal pressure rating.  C900 is 
common in municipal applications where an extremely durable pipe is desirable and where old 
cast iron fittings are common.  C900 is also specified on many of the larger rural water systems.   
 
For all three of these types of pipe, the OD is constant and the ID varies.  Therefore, as the 
pressure rating or weight of pipe varies, so does the friction loss.   
 
 

5-4 

 



5.3 PE Plastic Pipe 
 
PE pipe is another commonly used pipe in stockwater pipelines.  It is flexible, comes in coils, 
and is used for most "pull-in" type systems.  The length of the coils varies with the diameter of 
the pipe from 100 ft. to 400 ft. or more.  PE pipe is informally called “poly pipe” or “black 
plastic” and although PE pipe used for water systems is normally black, PE pipe could be almost 
any color.  Where pipe is installed in trenches, it is harder to lay flat in the trench than PVC pipe.  
Since it comes in coils, PE pipe takes fewer fittings to lay.  Connecting this type of pipe is 
usually done with a fusion process where the pipe coils are melted or “fused” together with heat 
or with "stab" type insert fittings held together with stainless steel band clamps.  Frost heave in 
shallow pipelines tends to pull these insert fitting joints apart.  Double clamping is usually 
necessary to combat this problem and is recommended in SD.  Clamps must be placed over the 
insert barb and clamp screws placed 1800 opposite each other. 
 
PE is a thermoplastic material manufactured from methane gas which is then converted to 
ethylene, and then with the application of heat and pressure into PE.  The polymer chain length, 
molecular weight, and amount of branching determine the mechanical and chemical properties of 
the end product.  
 
This material is tough, flexible, abrasion resistant, and resistant to freeze damage.  Although 
sometimes proposed for shallow, nondrained pipelines, it should not be used in this way.  This 
pipe will usually withstand an occasional freeze without damage, but the system should not be 
knowingly designed to freeze while water is in the line since there is a potential of long-term 
fatigue and a shortened design life.  PE will withstand exposure to sunlight due to the use of UV 
inhibitors used the manufacturing process and may be installed above ground where below 
ground installations are not possible.   
 
There are several types of PE pipe commonly used for pressure applications in stockwater 
systems: 
 
ID controlled SDR PE 3406 high density is pressure rated pipe and may be classified as SDR 
or DR.  Both classifications are based on a ratio of the OD to the wall thickness and there is no 
difference between SDR or DR pipe.  All pipes manufactured with the same material and same 
SDR have the same pressure rating.  For these pipes, as SDR or DR increases, the pipe's wall 
thickness and pressure rating decreases.  ID controlled SDR pipe is manufactured under 
specification ASTM D2239 in sizes from one-half-inch to six-inch with IDs corresponding to 
steel pipe (IPS).  The pipe is ID controlled to facilitate insert fittings to join the pipe, which 
allows the same fittings to be used on all pipes of the same size regardless of pressure rating or 
wall thickness.  PE 3406 designates a type of high density PE material used in manufacturing the 
pipe that has a HDS of 630 psi.  PE3406 is available in pressure ratings of 80, 100, 125, 160, and 
200 psi.  Friction loss will be identical for all pipes of a given size, regardless of pressure rating 
since the ID remain constant. 
 
ID controlled SDR PE 3408 high density is a PE pipe classified as SDR, manufactured under 
ASTM D2239 in IPS size IDs.  It is similar to the PE3406 except that PE3408 designates a type 
of high density PE material used in manufacturing that has a HDS of 800 psi.  The wall thickness 
of SDR PE3408 pipe will be thinner than PE3406 pipe for any given pressure rating and is 
available in 80, 100, 125, 160, 200, and 250 psi. 
 
OD controlled SDR PE 3408 high density is a PE pipe classified as SDR and manufactured 
under ASTM D3350 in IPS OD.  All pipes manufactured with the same material and same SDR 
have the same pressure rating.  For these pipes, as SDR or DR increases, the pipe's wall 
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thickness and pressure rating decreases.  OD controlled PE3408 is manufactured in sizes from 
½” to 48” and in pressure ratings of from 80 psi to 250 psi.  The pipe is OD controlled to 
facilitate the fusion process of joining coils or pipe sections together (butt fusion) with 
electrically heated dies.  For a given size, the OD is constant regardless of pressure rating.  
Friction losses will increase as pressure rating increases since the ID varies (decreases).  OD 
controlled butt fusion pipe has become extremely popular in recent years.  The joint is as strong 
as the pipe and results in a very tough and durable pipeline. 
 
ID controlled Schedule 40 PE 3406 is manufactured with IPS based ODs under ASTM D2104.  
The pipe wall thickness is exactly the same as steel pipe of the same diameter corresponding to 
Schedule 40 steel.  Schedule pipe can be used in pressure applications but does not carry a 
pressure rating stamped on the pipe.  As pipe diameter increases, the pressure rating decreases 
since the wall thickness is not proportional to the diameter but rather is identical to steel pipe 
(1¼” is rated at 120 psi, 1½” is rated at 100 psi, and 2” is 90 psi.).  Schedule 40 PE is 
manufactured in sizes from ½” to 6” and uses insert fittings at the joints.  This is not a common 
pipe for stockwater installations.    
 
Over the past 5 years, High Performance PE4710 has been introduced into the pipe and tubing 
market.  Resin manufacturers have developed new manufacturing technologies for producing PE 
pressure pipe materials that have improved physical properties and performance.  These new 
materials are frequently referred to as “bimodal,” which is a type of molecular weight 
distribution; although other molecular structure characteristics are also changed.  
 
High performance PE is an improved PE compound for pressure pipe that is designated PE4710.  
Compared to the older “uni-modal” resins such as PE3408, several performance characteristics 
are significantly enhanced.  
 
•  Higher density – PE4710 materials have higher base resin densities than PE3408 

materials (0.956 to 0.964 gm/cc vs. 0.949 to 0.956 gm/cc with 2 percent carbon black).  
Higher density increases tensile strength, stiffness, and chemical resistance.  

 
•  Hydrostatic Design Basis (HDB) substantiation at 50 years – ASTM D 2837 determines 

the HDB, at 100,000 hours (11.4 years).  The ASTM D 2837 method does not 
accommodate a downturn in the stress rupture curve that indicates a transition to wholly 
brittle-type failures.  Therefore, PE materials must also undergo additional pipe tests to 
prove that a transition to brittle-type failures does not occur before 100,000 hours.  To 
qualify as PE4710, it is necessary to prove by testing and analysis that a transition to 
brittle-type failures does not occur before 438,000 hours (50 years) – a 4 to 1 increase 
over other materials. 

 
•  PE4710 has up to 10-fold increase in Slow Crack Growth (SCG) resistance.  ASTM F 

2136 is used to determine SCG resistance of HDPE resins.  It is used by the PE pipe 
industry when seeking the most durable HDPE materials.  If the PE material has poor 
SCG resistance, failure could occur in only a year or two, but it can last for hundreds of 
years if the SCG resistance for the PE is good.  Better PE3408 materials have SCG 
resistance of at least 100 hours.  PE4710 materials must have at least 500 hours SCG 
resistance.  This means that the potential for SCG failure, the long-term failure mode for 
PE pipe, is extremely remote in comparison to other PE materials.  The extrapolated life 
expectancy of the PE 4710 resin is 100 years vs. 50 years for the older PE-3408 resin. 

5-6 

 



•  Overall, the PE-4710 products have a 25 percent increase in pressure rating and in many 
cases the opportunity exists to select a higher SDR for a lighter weight pipe with a higher 
flow capacity. 

 
The introduction of PE 4710 into the market has initiated changes in the standards and 
specifications beginning in 2002.  Revisions to ASTM D3350 were completed in 2005; ASTM 
D3035 was completed in 2006; and ASTM D2737 and D2239 are expected to be completed in 
2008.  These changes were necessary to incorporate the new materials into the ASTM system, 
but unfortunately they also will create some confusion and will cause other material 
specifications to become obsolete.  For the short-term, most manufacturers are now dual marking 
their HDPE pipe and tubing as follows: 
 
1. PE3408/PE3608 – this is for the standard materials and reflects the change in 
 designation only. 
 
2. PE3408/PE4710 – this indicates the manufacturer is using the new bi-modal resins 
 and the pipe has improved physical properties and performance. 
 
Dual marking allows pipe to be used when the utility specification does not incorporate the new 
material designation codes or the new bi-modal resin code.  Dual marking will eventually be 
eliminated and that will mean some utilities will no longer be able to purchase PE-3408 pipe that 
their standards call for.   
 
5.4 Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe  
 
Although listed in the standards as an acceptable pipe material, ABS pipe is used little in the 
transmission pipeline portions of stockwater pipelines.  ABS pipe is frequently used in 
stockwater systems as drain, vent, and waste system components.  This black pipe has the 
advantages of being tough with good strength and stiffness.  It is not tolerant to ultraviolet light, 
so it should be painted or wrapped if exposed to sunlight.  It ranges in size from 1/8 inch to 12 
inches in diameter.  Types of ABS include ASTM-D-1527 (ABS Schedules 40 and 80) and 
ASTM-D-2282 (ABS, SDR-PR).   
 
5.5 Steel Pipe  
 
Galvanized steel pipe is manufactured in IPS sizes in three weights (standard, extra strong, and 
double extra strong).  Galvanized steel pipe is used occasionally in system plumbing in well pits 
and as drop pipes for submersible pumps.  It is rarely used in main parts of the pipeline in buried 
installations.  Steel pipe is used in buried applications only as a last resort due to its high cost, 
high friction loss, and because it easily corrodes.  Alternatives to using galvanized pipe in high 
pressure applications would be Schedule 80 or Schedule 120 PVC, or for very short runs such as 
in a well pit, red brass could be used (longer runs would be cost prohibitive as red brass is quite 
expensive compared to other alternatives).   
 
When buried, steel pipe should always be coated and wrapped.  This is due to the corrosive 
nature of most soils.  Steel pipe should never be connected to brass or bronze fittings unless a 
dielectric insulating coupler is used, since the steel will then corrode at a faster rate.  Operating 
pressures in steel pipe should not exceed 50 percent of the rated bursting pressure.   
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5.6 Copper Pipe (Ref. CCBDA Publication No. 28E) 
 
Copper plumbing tube is manufactured in accordance with the requirements of ASTM Standard 
B 88.  Adding to its versatility is the fact that copper tube is available in drawn (hard) and 
annealed (soft) tempers, as well as, a wide assortment of lengths, diameters, and wall 
thicknesses.  
 
Types K, L, and M copper tubes have actual ODs which are 1/8 inch (0.125 in.) larger than the 
nominal (standard) sizes.  For example, a one-half-inch Type M tube has an actual OD of five-
eighth-inch.  Type K tube has thicker walls than Type L tube and Type L walls are thicker than 
Type M for any given size (diameter).  Table B-15 (Appendix B) provides the dimensions and 
weights for Types K, L, and M copper tubes.   
 
Table B-17 shows the rated internal working pressures for both annealed and drawn Types K, L, 
and M tubes, for service temperatures up to 400oF (205oC).  The ratings for drawn tube can be 
used for soldered systems and systems using properly designed mechanical joints. 
 
Most systems are installed with solder or brazed joints.  Table B-16 covers the rated internal 
working pressures for such joints; the ratings are for Types K, L, and M tubes with standard 
solder joint pressure fittings.  In soldered systems, the rated strength of the joint often governs 
the design. 
 
For direct bury water lines, either Type K or L soft temper tube is used and is available in long 
coils of various lengths in nominal sizes up to two inches.  With coils, intermediate joints can be 
eliminated or minimized.  Soft tube can also be bent around any obstructions or unevenness in 
the trench, and it adjusts readily to ground settlement.  Compression fittings have become the 
most popular choice for underground copper water services in recent years, because of their high 
strength and ease of installation.  Systems above ground or in nonburied plumbing installations 
typically use hard temper Types L and M tubes.  Depending on service conditions, hard Type K 
may be needed in some cases.   
 
Galvanic or dissimilar metal corrosion of copper and copper alloys is exceptionally rare.  
Incidents often attributed to galvanic corrosion are usually erroneous.  In the galvanic series of 
metals, copper is one of the most noble metals.  This means that copper is the most corrosion 
resistant.  In other words, when copper is in contact with iron, steel, or aluminum in water 
distribution systems, for example, the copper does not corrode; however, the other metal will 
eventually fail if the conditions for galvanic corrosion are present.  This situation can be 
prevented by using a dielectric fitting between the copper and the less noble metal.  It should be 
added that electrolysis should not be confused with galvanic corrosion.  Underground copper 
lines are renowned for their excellent performance in a wide variety of soil conditions.  Copper 
does not corrode in most clays, chalks, loams, sands, and gravels.  Concrete is often thought to 
cause corrosion of copper but this is a misconception.  Copper is unaffected by Portland cements 
which provide an alkaline environment.  However, nonalkaline cements containing sulphurous 
ash or other inorganic acids should be avoided, as should foamed concretes which employ 
ammonia-containing foaming agents. 
 
5.7 Red Brass 
 
Red brass (an alloy of copper, tin and zinc) pipe is manufactured in IPS sizes in two weights 
(standard and extra strong).  Red brass pipe is used usually used in system plumbing in well pits 
for occasional nipples connecting valves and appurtenances.  It is an option to use for plumbing 
runs in exposed (nonburied) plumbing applications such as well pits for high temperature, high 
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pressure applications.  The advantage of red brass is its relatively noncorrosive properties and 
strength.  Red brass is very expensive and only practical for relatively short runs in specialized 
installations.  Table B-14 (Appendix B) provides allowable working pressure for red brass pipe.   
 
5.8 Plastic Pipe Characteristics 
 
5.8.1 PR of Pipe  
 
Plastic pipe is rated at approximately one-quarter to one-third its tested rupture strength.  This 
means that under normal temperature conditions, it can withstand occasional surge pressures 
greater than its rated pressure.  However, plastic pipe will weaken under repeated cycles of 
pressures in excess of those for which it is rated.  The higher the surge pressure the faster the 
pipe will weaken and the long term life of the pipe will be affected.  For this reason it is 
important to design the pipe system so that normal operating pressures are less than rated 
pressure of the pipe to allow for surges which may occur.  If the surge pressure is not calculated, 
which is usually the case in SD, limit the maximum pressure on the pipe to 72 percent of its PR.  
This is an industry accepted method (ASAE S376.1).  See Appendix B for PVC and PE sizes, 
dimensions, SDR, pressure ratings, and other pipe data.  
 

PR= 2f (OD Controlled)  
SDR-1  

PR= 2f (ID Controlled)  
DR+1  

PR= Pressure Rating  
f= Hydrostatic Design Stress (see TR-77)  

Other sections of this manual describe ways limit surge pressures.  The system should be 
designed and operated to limit the number and severity of pressure surges. 
 
5.8.2 Expansion and Contraction of PVC and PE Pipe 
 
All pipe products expand and contract with changes in temperature.  Linear expansion and 
contraction of any pipe relates to the coefficient of thermal expansion for the specific material 
used and the variation or change in temperature (T).  The wall thickness of the pipe has no effect 
on the rate of expansion assuming the material remains constant.  The coefficients of thermal 
expansion for PVC and PE pipe and the resulting change in length for per 100F are presented 
below: 
 

Table 5.1 
Coefficients of Thermal Expansion 

 
Material                            Coefficient in./in./0F                    Expansion per 100F 
 
PVC                                            3.0 x 10-5                                                 0.36 in./100 ft.  

19.0 in./mile  
 
PE                                               8.0 x 10-5                                                 0.96 in./100 ft.  

50.7  in./mile 
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For pipelines of miles in length, the effect of temperature change on the total length of the pipe is 
substantial if the temperature change is more than a few degrees.  An example of a plastic pipe 
joined and laying beside the trench on a hot summer day could easily reach 800F, which is then 
placed in the trench (55-600F) and quickly covered could have a temperature change of 200F.  If 
the pipe is PVC, the reduction in length would be over 3 ft. per mile, and if PE, almost 9 ft. per 
mile.  The reduction in length puts the pipe in tension and can have the effect of literally pulling 
the pipe apart.  Usually this results in a leak due to failure of the pipe joint.  The NRCS 
construction specifications call for snaking the pipe in the trench (side to side) to provide some 
extra length to help to mitigate the effects of temperature.  Usually, any snaking that does occur 
is by accident and is unachievable as pipe sizes increase, particularly in a narrow trench.  For this 
reason, any PVC pipe one and one-half inch diameter and over should have rubber gasketed pipe 
specified.  The rubber gasket joint every 40 feet provides an allowance for minor movement at 
each joint.   
 
The effect of temperature change on pipelines should be taken into consideration by the designer 
on any system with the potential for quite drastic temperature changes on the pipe, such as, 
systems utilizing high temperature wells or systems “plowed in” in extremely hot or cold 
weather.  Allowing adequate time for the pipe to acclimate to soil trench temperature prior to 
backfilling should be standard procedure on all trenched systems.  Other measures which could 
be considered to reduce expansion/contraction problems include timing installation during 
favorable temperature ranges, requiring extended warranty if installation methods cannot 
eliminate extreme pipe temperature differentials, charging the lines prior to backfilling on 
systems with high temperature wells, or use of specialized pipe fittings allowing differential 
movement. 
 
5.8.3 Effect of Temperature on PVC and PE Pipe  
 
The pressure rating of plastic pipe is determined at 73.40F.  Strength of plastic pipe decreases as 
water temperature becomes warmer.  In cases where hot artesian water is used, the effective 
pressure rating of the pipe must be reduced.  Tables 5.2 and 5.3 lists the temperature reduction 
factors for PVC and PE pipes respectively.  
 
Soil temperatures at normal pipeline burial depths of 5½-6 ft. are fairly constant year round at 
approximately 50-550F.  As pipeline distance from the well increases, the soil temperature will 
have a cooling effect on the water temperature in the pipeline.  South Dakota has been using a 
design temperature reduction of 100F per mile for PVC lines carrying hot water.  This 
determination was made based on systems in the Fort Pierre area with hot artesian wells and 
stock tanks spread along the pipeline which utilizes PE coils and continuous circulation to keep 
the tanks ice free during winter.  The heat loss of 100F per mile was not based on actual research 
data, but rather an estimate based on observation.  
 
Data available from the GEO-HEAT CENTER (GHC) indicates the actual heat loss is much 
higher than NRCS has been estimating (Appendix B – WELL PUMPS AND PIPING, GHC 
BULLETIN Sept. 2001).  The actual heat loss varies depending on the size pipeline, gpm flow, 
soil texture and moisture conditions.  The lowest heat loss occurs with larger pipes, larger flows, 
and light textured dry soils.  Using a 2” PVC line carrying 10 gpm, the calculated heat loss using 
the GHC figures and the worst case scenario of light textured dry soils, the temperature reduction 
is 180F per 1,000 feet.  Therefore, the procedure SD is currently using should result in very 
conservative designs.   
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Table 5.2 
PVC Plastic Pipe Pressure Rating Reduction Due To Temperature 

                                ======================================  
                                               Temperature      Multiply Pressure  

                Degrees F           Rating by: 
======================================  

                                                    73.4                        1.00  
                                                     80                            .88 
                                                     90                            .75 
                                                    100                           .62 
                                                    110                           .50 
                                                    120                           .40    
                                                    130                           .30   
                                                    140                           .22  
 
 

Table 5.3 
PE Plastic Pipe Pressure Rating Reduction Due To Temperature 

                                ======================================  
                                               Temperature      Multiply Pressure  

                Degrees F           Rating by: 
======================================  

                                                    73.4                        1.00  
                                                     80                            .92 
                                                     90                            .81 
                                                    100                           .72 
                                                    110                           .63 
                                                    120                           .60 
                                                    130                           .55 
                                                    140                           .50 
 
Increased water temperature also increases support requirements for plastic pipe in plumbing 
installations such as well pits and other locations without direct soil burial.  Plastic pipe without 
adequate support can deform or bow out of normal alignment which can lead to the pipe 
bursting.  Figure 1 details the maximum support spacing required for various temperatures and 
pipe diameters.   
 

5-11 

 



Figure 5.1 
Maximum Support Spacing for Various Temperatures and PVC Diameters 
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5.8.4 Freezing of Water in Pipe  
 
Plastic pipe containing static (nonflowing) water should be drained when soil temperatures 
below 320F are expected.  If the water is moving, freezing is unlikely above 00F.  
 
If freezing does occur in the line, the pipe material will influence whether the pipe is damaged.  
In changing phase from liquid to ice, water expands approximately 10 percent by volume.  Some 
plastic pipe will not survive the required 3.2 percent linear elongation, but most will.  
 
Pipes most likely to be damaged by freezing water are those made of rigid materials including 
PVC.  Pipe most unlikely to be damaged by freezing water include ABS and PE materials.  All 
of these pipes have elongation and recovery properties which should in most cases enable it to 
expand and recover from occasional freezing without permanent damage.  However, no system 
should be knowingly designed to freeze while full of water.  Resistant pipes can be used in areas 
of severe exposure as an extra safety factor against damage by freezing.  An excellent example 
of this would be shallow bury pipelines where PE pipe would provide an extra level of protection 
if a section of pipe does not drain properly.  Extreme frost depth penetration for SD and 
surrounding states (reference National Oceanic and Atmospheric Administration (NOAA) is 
provided in Figure 5.2.  These depths generally correspond to the minimum burial depths for 
pipelines the NRCS specifies for SD (see Chapter 2, Part 2.5, shallow bury vs. installation below 
frost for SD).  
 

Figure 5.2 
Extreme Frost Depth Penetration (Reference NOAA) 
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5.8.5 Surge Pressure in PVC Pipe (reference UNI-BELL Handbook of PVC Pipe, UNI-
BELL Plastic Pipe Association) 
 
Surge pressures commonly termed “water hammer” are generated in any piping system when 
flowing liquid changes velocity.  Some of the more common causes of surge pressures are 1) the 
opening and closing of valves; 2) starting and stopping of pumps; 3) changes in reservoir 
elevation; 4) liquid column separation; and 5) entrapped air.  
 
The intermediate conditions which exist in a system as it moves from one steady state condition 
to another are best described as transients.  The closing of a single valve or the starting of a 
pump are examples of transient surges.  
 
Oscillatory surging is a condition which occurs regularly in time such as with the action of 
reciprocating pumps.  Small oscillatory surges can grow rapidly in magnitude and become 
extremely damaging if the frequency of surging is at or near the natural resonant frequency of the 
piping system. 
 
The elastic wave theory of surge analysis has been developed by various investigators over the 
years, and this technique will yield satisfactory results when correctly applied to transient surges.  
The pipeline designer should be aware that some system conditions (including oscillatory 
surging ) can be extremely complicated and require the use of refined techniques given in 
various texts.  A detailed study of hydraulic surges is a very involved process.  Common 
examples handled by the use of the elastic wave theory are the calculation of the pressure rise 
occurring in a pipeline due to the rapid closing of a valve, or the starting of a pump.  Surge 
pressures are a function of the following variables:  1) fluid bulk modulus; 2) pipe dimension 
ratio; 3) modulus of elasticity of the pipe; and 4) maximum velocity change of the fluid.   
 
Table 5.4 provides a design table of pressure surges occurring in PVC pipe of various dimension 
ratios, per each one foot per second instantaneous flow velocity change (reference:  UNI-BELL 
Handbook of PVC Pipe). 
 

Table 5.4 
Design Table For PVC Pipe – Pressure Surge Vs. Dimension Ratio 

(In Response to 1 ft./sec. Instantaneous Flow Velocity Change) 
                                ======================================  
                                     Dimension Ratio                  Pressure Surge (psi) 
                                 ======================================  
 13.5 20.2  
 14 19.8 
 17 17.9 
 18 17.4 
 21 16.0 
 25 14.7 
 26 14.4 
 32.5 12.8 
 41 11.4 
 
Flow velocities in most water distribution systems designed for livestock and potable water, in 
SD, (exclusive of fire protection) are usually less than 2 ft./sec.  The standard design practice 
currently used by NRCS for providing adequate allowance for surge pressures typically 
occurring in pipeline systems is to limit the working pressure to 72 percent of the pressure rating 
of the pipe.  This design practice typically then does not require calculation of actual surge 
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pressures.  Depending on the pressure rating of the PVC used, the pressure allowance for surge 
would range between 45 psi for 160 psi pipe and 88 psi for 315 psi pipe.  Some of the nontypical 
applications may require specific surge calculations to insure pressure ratings of various 
components are not exceeded.  High pressure applications utilizing a timer or float switch (no 
pressure tank) may be an example of when surge pressure should be taken into consideration.   
 
5.9 PVC Pipe Fittings 
 
Schedule 40 and 80 solvent weld and threaded fittings are covered by the following ASTM 
standards:  
 
D2624 - Threaded PVC Plastic Pipe Fittings, Schedule 80  
 
D2466 - PVC Plastic Pipe Fittings, Schedule 40  
 
D2467 - Socket-Type PVC Plastic Pipe Fittings, Schedule 80  
 
These standards deal mainly with workmanship, materials, dimensions, tolerances, and testing.  
There are no pressure rating standards for PVC fittings in the ASTM specifications.  The only 
pressure standards specified are for burst pressure.  
 
One analysis, based on very limited real data, proposes the upper limit working pressures for 
Schedule 40 and 80 PVC fittings as tabulated in Table 5.5.  Use this as a general guide only.  
Actual allowable working pressures may vary widely with field conditions, particularly the 
frequency and degree of surge pressures anticipated.  On high pressure pipelines, metal or other 
alternative type fittings may be used. 
 

Table 5.5 
Estimated Upper Limit Working Pressures for Schedule 40 and Schedule 80 PVC Fittings 

(based on 60 percent of pipe pressure rating) 
=====================================================  
                                            Schedule 40              Schedule 80 
                                          Pressure Rating         Pressure Rating 
Nominal    Outside           ---------------------------------------------- 
Diameter   Diameter         Burst    Working           Burst Working 
    (in)           (in)                 (psi)       (psi)              (psi)     (psi)  
=====================================================  

1/2  0.840  1910 358  2720 509  
3/4  1.050  1540 289  2200 413  

               1  1.315  1440 270  2020 378  
1-1/4  1.660  1180 221  1660 312  
1-1/2  1.900  1060 198  1510 282  

               2  2.375          890 166  1290 243  
2-1/2  2.875          970 182  1360 255  

               3  3.500          840 158  1200 225  
================================================================== 
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CHAPTER 6 
 

HYDRAULICS 
 
 

6.1 General 
 
Pipeline design requires an understanding of the basic hydraulic relationships between head, 
pressure, flow, friction loss, and pipeline length.  Once these concepts are understood, the 
basics of pipeline design are easily mastered and the application of these concepts applies to any 
system regardless of size. 
 
6.2 Relationship between Head and Pressure  
 
Water pressure in a water system or pipeline (defined as head) is measured in feet of water or 
pounds per square inch (psi), 1 psi = 2.31 feet of water.  This relationship is due to the unit 
weight of water as shown in the figure below: 
 
 
 
 
 

1 ft.

1 
 

 
 
 
         1 CU. FT. WATER 
              = 62.4 LBS. 

 
 
1 ft. 

 
 
 
 
 
 
 
 
 
 
 1 ft.
 
The weight of water at 1 ft. depth (1 ft. head) = 62.4 lbs/ft3 = 62.4 lbs/144 in2 = .433 lbs/in2 
 
Therefore, if the water depth were 2.31 ft., the pressure or head would be 1 psi. 
2.31 ft.      = 1 psi. 
.433 psi/ft 
 
Examples: 
(40 psi.) (2.31 ft./psi) = 92.4 ft. head 
 
(200 ft.) / (2.31 ft./psi) = 86.6 psi 
 
(200 ft.) (.433 psi/ft.) = 86.6 psi 
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Static Head – Represents the vertical distance from a specific point to the water surface when no 
water is moving (the static condition). 
 
 - Static head can be visualized as the elevation to which water could rise with all  
  outlets  closed. 
 - Static head in feet divided by 2.31 = static pressure in psi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Static Head Elevation

Static Head = 115 ft. = 50 psi

Static Head = 231 ft. = 100 psi. 

Tower Reservoir 

Ground line 
and pipeline

 
 

 
 
• A pressure gauge at the hydrant would read 100 psi. 
 
• Water in a tube or hose at the hydrant would rise 231 feet to the level of water in the 

reservoir 
 
• The tower could be replaced with a pump which would supply the necessary elevation 

head artificially to provide exactly the same condition.  
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Hydraulic Grade Line – Represents the surface or profile of water flowing in a pipe.  The 
hydraulic grade  
 
 - The hydraulic grade line represents the level water would rise in a tube   
  connected to the pipe under design flow condition. 
 - Operating Head divided by 2.31 = hydraulic pressure in psi. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hydraulic Grade Line at 5 GPM 

Operating Head = 85 ft. = 37 psi 

Operating Head = 170 ft. = 74 psi. 

Tower Reservoir 

Ground line 
and pipeline 

 
 

 
 
• A pressure gauge at the hydrant would read 74 psi (if flow is limited to 5 gpm). 
• A pressure gauge at the hydrant would read near zero if hydrant where wide open 

(unrestricted). 
• The loss of head (the hydraulic grade line drops in elevation with increasing distance 

from the reservoir) is due to friction loss in the pipe. 
• The tower could be replaced with a pump which would supply the necessary elevation 

head artificially to provide exactly the same condition. 
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6.3 Relationship between Friction Loss, Pipe Diameter, and Pipe Length 
 
Standard Dimension  The ratio of the specified average outside diameter to the  
Ratio (SDR) specified minimum wall thickness.  This ratio is common to  
 all pipe sizes of a specific standard dimension ratio series. 
 
 
 
 
 
 
 
 
 
 
 
 
 

          
         
         
         
         
         
         
         
         
         
                 
For OD controlled Pipes, as pressure rating increases 

1¼” 160 PSI PVC 
OD/Wall Thickness = 1.66/.064 = SDR 26 
Friction Loss @ 10 gpm = .8651 ft/100 ft 

1.66” OD 

1.66” OD 

 

1¼” 315 PSI PVC 
OD/Wall Thickness = 1.66/.123 = SDR 13.5 
Friction Loss @ 10 GPM = 1.28 ft./100 ft. 

• OD is constant 
• Wall thickness increases 
• ID decreases 
• Friction loss increases 
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1¼” 100 PSI PE PIPE 
ID/Wall Thickness = 1.38”/.120” = SDR 11.5 
Friction Loss @ 10 gpm = 1.53 ft./100 ft. 
 

 

1¼” 200 PSI PE PIPE 
ID/Wall Thickness = 1.38”/.26” = SDR 5.3 
Friction Loss @ 10 GPM = 1.53 ft./100 ft. 

1.380” ID 

1.38” ID

For ID controlled Pipes, as pressure rating increases 
• ID is constant 
• Wall thickness increases 
• OD increases 
• Friction loss is constant 
 
Friction loss is typically expressed in terms of feet of friction loss per 100 feet of pipe (ft/100 ft.).  
As the flow increases for a particular size line, friction loss increases.  If friction loss reduces 
operating head to an unacceptable level, then pipe size must be increased or pressure must be 
increased at the source.  Friction loss tables are included in Appendix B for PVC, PE, and 
STEEL.  There is no set friction loss value at which a pipe size should be increased or decreased 
but typical friction losses would normally range between .15 ft./100 ft. and 1.0 ft./100 ft.  
Designs outside this range of friction losses may not be the most economical or the most 
practical but may still be an acceptable design.  The total friction loss on a pipeline is directly 
proportional to the length and on very long pipelines friction loss is a determining factor in the 
operating pressures necessary to provide design flows. 
 
The tables in Appendix B are based on friction loss by the Hazen-Williams formula.  The 
form of the equation used is:  

f = .2083(100/C)1.852  q1.852 
                                  di 

4.8655 
 
C = Hazen-Williams friction loss factor  
q = Flow rate in gallons per minute  
di = Pipe inside diameter (in inches)  
 f = friction loss, ft./100 ft. 
 
The “C” factor used for PE and PVC plastic pipe is 150.  Most research data shows that new 
PVC or PE has a “C” valve of 150.  South Dakota does not account for increasing resistance as 
the pipe ages.  Any losses considered significant such as an above average quantity of couplers, 
considerable “fall off pressure” for pressure regulators, etc., should be taken into consideration.  
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It is very important that the correct inside diameter be used.  The inside diameter will vary 
depending on the type of pipe or tubing used.  Other forms of the Hazen-Williams Formula are:  
 
Velocity Flow   Flow 
V= 1.318 CR 

0.63

S
0.54   

Q= 16.66 CR
2.63

 S
0.54                                       

q=7427 CR
2.63

 S
0.54  

V= 0.550 CD
0.63

 S
0.  

Q= 0.432 CD
2.63

 S
0.54                                     

q=193.9 CD
2.63

 S
0.54 

V= 0.115 Cd
0.63

 S
0.54    

Q=0.000627 Cd
2.63

 S
0.54                             

q=0.281 Cd
2.63

 S
0.54  

 

HEAD LOSS 

HL =0.2083(100/C)1.852  q1.852     (L/100) 
                                      di 

4.8655 
Units  
HL = Head Loss in feet  
C = Flow Coefficient  
R = Hydraulic Radius in feet 
S = Slope in feet per foot  
D = Inside Diameter in feet   
di = Inside Diameter in inches 
q = Flow Rate in gallons per minute  
Q = Flow Rate in cubic feet per second  
f = friction loss, ft/100 ft. 
L = length of pipeline 
 
6.4 Hydraulic Design 
 
The starting point for any water system design after determining the route and design flow is to 
size the lines and determine operating pressures (hydraulic design).  
 
A profile of ground elevations along the pipeline route can be a valuable tool for visualizing how 
the elevation extremes along the line affect the operating pressures and the entire design.  
Plotting a ground line profile and the associated hydraulic grade lines and static head elevations 
can be extremely beneficial for inexperienced designers to clearly understand the results of a 
computer design.   
 
Standard NRCS design procedure for water systems is to utilize USGS 7½ minute quadrangle 
data for ground elevation and distance (stationing) information.  This would include hard copies 
of USGS maps, digital raster graphs (DRG), digital elevation models (DEM), or commercially 
available topographic software that utilizes USGS data.  Actual survey data obtained in the field 
is rarely used or needed in water system design except for very small gravity flow systems where 
relatively minor elevation differences are critical, such as for spring developments.   
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The design of the system starts with stations and elevations of key points along the pipeline 
length such as the water source, outlet locations, flow volume changes, undulating highs and 
lows, pipeline tees, etc.  Figure 6.1 illustrates the elevation and station information for a small 
pressure system. 
 

Figure 6.1 
Plan View of Proposed Pipeline Route (Example) 
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The topographic map and station/elevation data can then be used to determine if any points along 
the pipeline will be controlling factors (control points) which directly affect the pressures 
required to operate the system.  The plan view (figure 6.1) shows the high point on the system at 
station 78+00 and at elevation 3075.  If this is a new system, station 78+00 would be a definite 
control point since the system must have adequate pressure to deliver water over this high point 
which is 115 feet above the well (equal to 49.8 psi).  If the pipeline is connecting to an existing 
system with pressure switch settings of 100/130 (100 psi. pump on, 130 psi pump off) then the 
minimum pressure at the well is more than adequate to deliver the design flow with adequate 
pressure at the high point, and station 78+00 would not be a control point (the controlling factor 
would actually be the elevations of Static Head and Hydraulic Grade Line developed by the 
existing pressure switch setting).    
 
Figure 6.2 represents a plot of a profile along the pipeline route with Static Head Elevation and 
Hydraulic Grade Line @ 8 gpm plotted also.  The friction loss and pressures were calculated 
using the SD Excel spreadsheet developed for pipeline design (Figure 6.3).  The actual design 
procedure for this example assuming a new system is by trial and error, entering a hydraulic 
pressure at station 0+00 (well) and then checking the calculated hydraulic pressure at sta. 78+00 
to determine if the system will have adequate pressure at the high point for a design flow of 8 
gpm.  In this example, the 9 psi hydraulic pressure is adequate and the pressure setting of 70/100 
is selected at the well. 
 

Figure 6.2 
Profile Along Centerline of Pipeline (Example) 
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Figure 6.3 
Pipeline Design Calculations 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

• Most water systems have fluctuating pressures at the water source resulting from pumps 
cycling on and off, from water levels in reservoirs or water towers raising and lowering, 
or from pressure tanks emptying.  In SD, the usual practice is to provide adequate 
pressure at the source to deliver the design flow at the lowest pressure occurring during 
normal operation.    

 
 In this example, the design flow of 8 gpm will be possible at the lowest point in the 

operating pressure range, which is the cut-in pressure of 70 psi when the pump turns on.   
 
• The HGL should clear the ground line by a certain clearance head (the distance the HGL 

is above natural ground line) of 15 to 25 feet.  
 
 In this example, the clearance head is 21 feet or approximately 9 psi.  The spreadsheet 

will give an “increase hydraulic pressure” warning if this distance is less than 23.1 feet 
(10 psi.).  The system could actually work if the hydraulic grade line is barely above the 
pipe which is approximately five feet below the ground line.  The 10 psi provides a 
“cushion” or a “margin for error” to account for any discrepancy between the USGS map 
and the actual ground elevation.  The 10 psi clearance head also provides for adequate 
pressure to overcome minor losses in the plumbing, such as the pump drop pipe (in the 
well), the valves in the well pit, pressure regulators, tees, hydrants, etc.  Usual design 
practice, in SD, is to not calculate minor losses, but rather to provide adequate clearance 
head at the control point. 

 
• The pressure differential between the cut-in pressure (pump on) and cut-out pressure 

(pump off) is normally 20-30 psi.  A complete description of pressure differentials and 
pressure tanks is contained in the chapter on System Appurtenances. 

 
• The greatest pressure at any point along a pipeline occurs when the flow stops in the 

pipeline and the pump runs the pressure up to cut-out pressure and shuts off.  Static 
pressure everywhere in the pipeline is then computed from cut-out (pump off) pressure.  

 
• In this example the static elevation is 231 feet above the ground elevation at the well.  

The static elevation is 2,960 + (100 psi x 2.31) = elevation 3191 
 
• The plot of the profile and hydraulic calculations project the minimum operating 

conditions.  In actual operation the pipeline flow will be greater than eight gpm during all 
operating times except just before the pump turns on.  When the pressure at the well is 
above 70 psi, the hydraulic grade line will be steeper, and; therefore, the flow will be 
greater.  The maximum flow obtainable on this system would be limited by the pump 
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Figure 6.4 provides additional breakdown of the actual calculations performed by the 
spreadsheet which would be representative of manual hydraulic calculations for the above 
example.  It is important to understand the methodology involved in any design software results 
(in this case, the Excel spreadsheet) since blind faith in the software results, without fully 
considering whether the result seems correct, is a recipe for an eventual design failure.  Data can 
be improperly entered, spreadsheet formulas can be inadvertently altered, and other unforeseen 
situations can occur (calculated elevations rounded to the nearest foot). 
 

Figure 6.4 
Pipeline Design Calculations 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Manual calculations for this example would use the control point as the basis for calculating the 
pressure required at the well (as opposed to the trial and error process with use of the 
spreadsheet).  An example using manual calculations for the pipeline design is as follows:    
 
A pipe material and pipe size is selected based on what is commonly available.  The pipe 
diameter and pressure rating may change based on the results of computing the hydraulic grade 
line and SGL.  In this example, 1½” diameter SDR 21 or 200 psi PVC pipe will be used.  The 
inside diameter of 1½” SDR 21 PVC pipe is 1.72 inches.  A flow rate of 8 gpm is needed to meet 
the demands of the livestock.  The Hazen-Williams equation is used to determine the friction loss 
based on a 100 foot section of pipe.  Existing tables in Appendix B can also be used to obtain the 
pipe friction loss. 
 
 
 
 
 

Total friction loss between 
well and high point 
(7,800)(.326 ft/100 ft)= 25.4 ft 

HGL @ 0+00 = El 2960 + 2.31(70 psi) = El 3121.7 
HGL @ 78+00 = El 3121.7 - 25.4 = El 3096.3 
HGL @ 98+75 = El 3096.3 – 6.76 = El 3089.5  

Friction loss (Hf) in ft/100 ft. 
See friction loss tables in 
Appendix B pg. B-1  

Distance between 
pipeline stations 
7,800 – 0 = 7,800 ft. 

Static Head Elevation (also called SGL) 
SGL @ 0+00 = El 2960 + 2.31(100 psi) = 
El 3191 
Static Pressures 
78+00 = (El 3191 – El 3075)/2.31 = 50.2 psi 
98+75 = (El 3191 – El 3020)/2.31 = 74.0 psi 
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Hazen-Williams Equation ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛= 8655.4

852.1852.11002083.0
id
q

C
f  

 

ft
ftf 100326.0

72.1
8

150
1002083.0 8655.4

852.1852.1

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛=  

 
The source of water is a well with a submersible pump with a pressure tank.  The elevation at the 
water source STA 0+00 is 2,960 feet.  The next step is to determine the pressure switch settings 
needed at the well in order to move water over the control point.  In this example, the control 
point is a hill at STA 78+00 and at an elevation of 3,075 feet.  The friction loss at STA 78+00 
can be calculated using 0.326 ft. /100 ft. 
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It is good practice to add 15feet to 25 feet of clearance head above the ground.  In this example, 
20 feet will be used.   
 
The elevation of the hydraulic grade line (HGL) at STA 0+00 would be: 
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The pressure switch setting is rounded up and the pressure switch would need to be 70 psi to turn 
on the pump.  A 30 psi differential will be used, so 100 psi kickoff setting would be used to turn 
the pump off. 
 

⎟
⎠
⎞⎜

⎝
⎛+= ++ psi

ftessureKickonELHGL 31.2Pr000000  

 

ftpsi
ftpsiftHGL 7.312131.2702960000 =⎟

⎠
⎞⎜

⎝
⎛+=+  

 
The static head elevation or SGL uses the kickoff pressure and in this example it would be 100 
psi. 
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The HGL, the hydraulic pressure, and the static pressure at the high point (STA 78+00) are: 
 

ftftftfHGLHGL 3.309645.257.312100780000078 =−=−= +++  
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The pressure at the low outlet should be checked to make sure that the pipe pressure rating is not 
exceeded or there is too much pressure for the hydrant or other valves at the tank.  The static 
pressure is used because static pressure would be the most pressure the hydrant would feel.  The 
pipeline system would feel the static pressure when no water is moving in the system (pump is 
off, pressure tank fully pressurized, and all valves at the tanks are closed). 
 
The elevation of the low tank at STA 98+75 is 3020 ft. 
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The maximum pressure on the system is 74 psi, which is below 72 percent of the rating of the 
SDR 21 PVC pipe (200 psi * 72 percent = 144 psi).  The only other consideration is the pressure 
rating of the valves or hydrant at this tank. 
 
The hydraulic pressure at STA 98+75 can also be calculated.  This would be the minimum 
pressure that the tank would have at the design flow rate.  There would be 30 psi hydraulic 
pressure, which would be adequate pressure for a hydrant or tank.  
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CHAPTER 7 
 

SYSTEM COMPONENTS 
 
7.1 General 
 
This chapter provides a description of typical components used in the operation and control of 
water systems.  A general discussion of methods of controlling pumps is contained in Chapter 4 
and usually the type of control selected is a decision which must be made early in the design 
process, and determines system operating pressures and the type of components necessary to 
complete the water system design.   
 
7.2 Pumps  
 
7.2.1 General 
 
The type of water system generally dictates the type of pump which can be used.  Systems 
utilizing a deep well, in-line booster, solar system, or windmill, for example, have a specific type 
of pump which must be used.  Other systems such as those utilizing shallow wells or cisterns 
may have a number of different pump options to choose from.  The following pump descriptions 
do not cover all available pump types but rather those pumps commonly used in water systems in 
SD. 
 
7.2.2 Pump Capacity 
 
Determining the pump capacity for a system will depend on the specific situation and a couple 
different methods can be used.  Each of the following methods is similar yet different:  
 
• Keep in mind any possible future expansion needs. 
 
• The pump should have some excess capacity above the minimum system needs, in other 

words, the pump should not have to run for 24 hours to provide the daily needs. 
 
• A pump which is too large can cause excessive cycling which will shorten pump life. 
 
• Pump capacity should not exceed the flow rate or yield of the water source to limit 

cycling of the pump due to low flow or no flow caused by low water levels at the source. 
 
• When specifying a pump, be specific concerning gpm and TDH.  Simply calling for a 

three-quarter hp pump is inadequate.  There are many different three-quarter hp pumps, 
some which can pump large quantities of water at very low heads and some which can 
pump only a small quantity of water at very high heads.  You will not get the most 
efficient pump for your system unless you require exact specifications. 

 
Method #1  
Design the pump capacity at approximately one and one-half times the pipeline capacity.  This 
method may be more suitable for small systems where the pipeline capacity is based on a 
practical minimum flow to satisfy normal expectations.  Example:  system serves 100 cattle, 
minimum pipeline design capacity would be 2.0 gal./min./100hd. (28.8 gal./hd./day) = 2 gpm.  
Design pipeline for five gpm which is probably the minimum an operator would expect from a 
water system.  Specify pump capacity to be (1.5)(5 gpm) = 7.5 gpm  
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Method #2 
Design the pump capacity to supply the daily system needs in approximately 12-16 hours.  
This method is suitable for most systems and preferred for the larger systems.  Example:  system 
serves 500 hd. cattle @ 30 gpd and 2 houses drawing water with a booster pump from a cistern 
each requiring 360 gal/day.  Pipeline design capacity is 11 gpm.  Daily water requirements are 
(500 hd.)(30 gpd) + (2 houses)(360 gpd) =  15,720 gal.  Specify pump capacity to be (15,720 
gal.)/(16 hr.)(60 min./hr.) = 16.3 gpm 
 
Method #3 
Design the pump capacity to just exceed the largest fixture requirement.  This method is 
suitable on systems were the water requirements for houses on the system overshadow the 
livestock use.  Example:  system serves 100 cattle @ 20 gpd and 1 house supplied directly from 
the well pump.  Pipeline design capacity is 12 gpm (10 gpm for house plus 2 gpm for livestock).  
The house requires 10 gpm to allow for simultaneous uses such as the shower to be used while 
the washer is operating; however, these uses occur for very short periods and the total daily use 
for the home is only expected to be 360 gpd.  Specify the pump capacity to be 12 gpm.  The 
extra capacity available during off peak hours for the household will be available the balance of 
the day for livestock use and will be more than adequate. 
 
7.2.3 Submersible Pumps 
 
Submersible pumps are one of the most versatile pumps available for 
general water system use.  This versatility is due to the multiple stage 
(multiple impeller) pump configuration of a submersible pump.  An 
individual impeller is designed to pump a certain volume of fluid (i.e., 10 
gpm) at a certain head (i.e., 25 ft.).  These impellers can then be stacked 
atop one another to form a multiple stage pump capable of pumping the 
design volume (10 gpm) to a higher head (250 ft. for a 10-stage pump).  
Each subsequent impeller adds to the head delivered by the preceding 
impeller.  This multiple stage configuration allows for submersible pumps 
to be manufactured in a wide variety of volumes and heads by varying the 
number of stages, thus providing a range of pumps to fit almost any need.  
 
Submersible pumps can be used in almost any submerged installation 
where the pump is installed below the water surface.  Submersibles are 
manufactured in nominal diameters of 4”, 6”, 8”, and 10” specifically to 
fit small diameter well casings of the same nominal diameter.  The actual 
pump diameters are one-eighth inch to one-half inch less than nominal and 
which allow adequate space around the pump circumference for water 
flow to the pump inlet.  The water flow between the pump motor and casing also provides 
adequate cooling for the motor.    
 
When selecting a pump, the best resource available is the Web site for the particular 
manufacturer or brand commonly used by local installers.  To find a suitable pump for the 
nontypical installation or application, the designer may need to investigate pumps available from 
all domestic manufacturers.  The nontypical installation will rarely work satisfactorily with an 
“off the shelf” pump carried in-stock by a local supplier.  For these specialized applications, it is 
important to convey the required specifications and purpose to the operator to insure the correct 
pump gets installed.  Figure 7.1 is an example of a typical pump curve for a small submersible 
pump. 
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Figure 7.1 
Typical Submersible Pump Curve 

 

 

 

 

 

 

 

 

 

 

Pumps generally all share a common characteristic relating to TDH and volume (gpm).  As the 
pressure increases (TDH), the volume pumped decreases.  Figure 7.1 plots the pump curve for 
six different pumps rated at eight gpm.  The pumps with higher TDH capabilities have a larger 
number of stages (impellers) and larger horsepower motors.  The last digits of a pump model 
number usually indicate the stages (the 8-200 28 has 28 stages) and other digits may indicate 
horsepower (200 indicates 2 hp).  The manufacturer designates this as an eight gpm pump and 
eight gpm falls close to the middle of the recommended operating range (shaded area).  The 
operating characteristics of these pumps will fall somewhere along the respective line for each 
pump (not close to the line, but on the line).  A pump should be selected so the design 
operating pressures and volumes will correspond with the recommended operating range 
for the pump.  If the pump is operating outside the recommended range, it will still pump the 
volume as indicated by the curve, but the pump will not be operating in the most efficient range 
(power consumed vs. output) and the pump will be less energy efficient.  The capacity of all 
pumps will decrease as TDH increases until reaching the shut-off head where the volume is “0.”  
The shut-off head for the 8-200 28 STG for example is 875 ft. TDH. 
 
Assuming a pump specification of 8 gpm @ 450 ft. TDH, enter the pump curve (Figure 7.1) on 
the left vertical axis at the 450 ft. TDH and read across to the pump curve nearest to the 
intersection with the 8 gpm rate.  The pump selected would be the 8-150 22-stage pump 
producing 8.5 gpm @ 450 ft. TDH. 
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Flow Inducer Sleeves are recommended and often required by the manufacturer for pumps 
installed in an open body of water (i.e., a cistern, large dia. well, or pond), for pumps installed in 
wells with casings larger than the nominal pump diameter and in hot water applications.  Flow 
sleeves force the incoming water to flow past the motor with velocities adequate to provide the 
necessary cooling and function as a well casing of the same nominal diameter as the pump.  
Figure 7.2 shows typical flow inducer sleeve    
construction.  Water temperatures less than 860F                                  Figure 7.2 
require flow rates of .25 ft./sec. past the motor,                           Flow Inducer Sleeve 
and temperatures over 860F require flow rates of 3 
ft./sec.  Additionally, high water temperatures 
over 1130F require a heat factor multiplier to be 
used in determining motor horsepower 
requirements, which may increase the horsepower 
size (usually to the next larger size) for the pump 
selected.  Electric motors generate heat 
proportional to the load applied; therefore, by 
increasing the motor horsepower on a pump unit, 
the motor is under a smaller load, less heat is 
generated, requiring less cooling.  Franklin 
Electric, a supplier of motors for many of the 
domestic pump brands, has literature available on 
hot water applications for submersible pumps.  
Flow Inducer Sleeves are required for any 
submersible pump used in a horizontal 
application such as laying on the bottom 
of a cistern or reservoir.  
 
Pump motors of 1 hp or less are usually available only in single phase 115/230V; midrange units 
1½ hp to 5 hp, usually are available in either single phase or 3-phase power motors; and 7½ hp 
and over are usually only available in 3-phase power.  If 3-phase power is not available at the 
site, then a phase converter will be required for units 7½ hp and over. 
 
It is recommended that one or more check valves always be used on submersible pump 
installations.  If the pump does not have a built-in check valve, the first check should be installed 
within 25 feet of the pump and then on deep installations it is recommended a check be installed 
every 200 feet.  Spring loaded (quick closing) check valves should always be used rather than 
swing type checks which can have some reversal of flow after the pump stops, resulting in water 
hammer and hydraulic shock.  Check valves also prevent excessive thrust bearing wear, motor 
backspin, impeller upthrust, and damaging hydraulic shock resulting from high velocity water 
filling a pipe void.   
 
Drop pipes are the connection between a submersible pump installed in a well and the plumbing 
at the surface.  Size is usually determined by the same nominal size as the discharge fitting on 
the pump.  Drop pipe material may be either PE pipe or SCH 40 steel (usually galvanized).  If PE 
pipe is used as safety cable and torque arrestors are recommended.  The safety cable provides a 
means to retrieve the pump if fittings pull apart and the torque arrestor reduces the twisting 
motion and resulting fatigue on the piping upon pump start-up.  Steel pipe is recommended on 
pumps over one hp.   
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7.2.4 Variable Speed Constant Pressure Pumps 
 
Variable speed constant pressure pumps are available in submersible units for use in 
wells or as multi-stage centrifugal pumps used as in-line booster pumps.  A constant 
pressure pump uses a variable speed motor and special electronic 
control (transducer) which functions as pressure monitoring 
device.  The transducer can be set to maintain a constant 
pressure on the downstream side of the pump in the same 
location occupied by a pressure switch in a conventional 
pressure system.  The variable speed motor speeds or slows to 
maintain a constant pressure while delivering the flow necessary 
to satisfy the demand from the system. 
 
The variable speed pump eliminates the need for large pressure 
tanks to control pump cycling and provide uniform pressure.  
Small pressure tanks of approximately two gallons are used to 
steady pressures monitored by the transducer.  These small 
pressure tanks are available up to 200 psi pressure rating (any 
variance from the size recommended by the manufacturer should 
only be with guidance from the manufacturer’s technical 
specialists). 
 
Variable speed pumps, particularly the multi-stage centrifugal, are typically not carried as a stock 
item by suppliers, and; therefore, a disadvantage of this type pump is the longer down time if 
replacement is needed.  Initial cost for this type system is comparable to a conventional 
automatic pressure system and may even be less, since if the system is operating at pressures 
over 125 psi, the expense of large high pressure tanks is eliminated.  This type of pump provides 
an economically feasible means of providing an automatically controlled pressure system for 
those projects operating at pressures over 125 psi. 
 
7.2.5 Jet Pumps 
 
Jet pumps are mounted above the well, either in the home 
or in a well house, and draw the water up from the well 
through suction.  Because suction is involved, 
atmospheric pressure is what's really doing the work.  A 
vacuum is created and once the vacuum is there, the 
weight of the air, or atmospheric pressure, pushes the 
water up from the well.  Consequently, the height that you 
can lift the water with a shallow-well jet pump is limited 
by the atmospheric pressure (weight of the air).  While air pressure varies with elevation, it's 
common to limit the depth of a jet-pump-operated shallow well to about 25 ft.  
 
Jet pumps create suction in a rather novel way.  The pump is powered by an electric motor that 
drives an impeller or centrifugal pump.  The impeller moves water, called drive water, from the 
well through a narrow orifice, or jet, mounted in the housing in front of the impeller.  This 
constriction at the jet causes the speed of the moving water to increase, much like the nozzle on a 
garden hose.  As the water leaves the jet, a partial vacuum is created that draws additional water  
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from the well.  Directly behind the jet 
is a venturi tube that increases in 
diameter.  Its function is to slow down 
the water and increase the pressure.  
The pumped water–new water that's 
drawn from the well by the suction at 
the jet–then combines with the drive 
water to discharge into the plumbing 
system at high pressure.  Because 
shallow-well jet pumps use water to 
draw water, they generally need to be 
primed–filled with water–before 
they'll work.  To keep water in the 
pump and plumbing system from 
flowing back down into the well, a 
one-way check valve is installed in the feed line to the pump. 
 
Deep well jet pumps can be used for wells from 25 ft. to about 200 ft. depth.  Deep well jets 
separate the jet from the motor and impeller housing and placing the jet assembly down in the 
water.  In a typical deep well jet-pump configuration, one pipe mounted to the impeller housing 
drives water down into the jet body that's located about 10 to 20 ft. below the minimum well 
water level.  A second pipe connects the output side of the jet body back to the pump.  At the jet, 
the increase in water velocity creates the partial vacuum that draws standing well water into the 
second pipe and then back into the pump and plumbing system.  Deep well jet pumps use both 
the suction at the jet to bring water into the system and pressure applied by the impeller to lift the 
water.  Like shallow well systems, a jet pump in a deep well system needs to be primed to 
operate.  A foot valve at the bottom of the well piping prevents water from draining from the 
pipes and pump.  Jet pumps that have two or more impellers are called multistage pumps. 
 
Jet pumps are somewhat of a “niche” pump typically used for supplying homes.  The use is 
limited by wells less than 200 feet.  Pressure switch settings typically range from 20-50 psi and 
shut-off pressures for most jets are approximately 65 psi.  These pressure constraints limit these 
pumps to a very narrow range of applications for stockwater use, but jets are a very common 
pump for household applications. 
 
7.2.6 Horizontal Booster 
 
A multi-stage, in-line horizontal booster is essentially a 
submersible pump-end manufactured in an integral “casing” 
intended for horizontal installation in a conventional booster 
pit.  The multi-stage configuration provides versatility similar 
to a submersible pump for range of capacity and head, except 
the multi-stage booster is only available in sizes of one-third 
to approximately three hp.   
 
Total dynamic head for this type of pump is calculated by subtracting the inlet pressure 
delivered to the back side of the pump from the discharge head.  Therefore, an advantage of 
this type of “in-line” installation is that there is no loss of head as would be the case if the 
incoming flows were delivered to a cistern which then supplies a pump, and no cistern is 
required.  To visualize the TDH for this type of in-line installation another way, consider that the 
inlet pressure (head) delivered to the pump is equivalent to the height of water above a 
submersible installed in a well (TDH calculated from water surface).   
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Booster pumps installed in an “in-line” installation should be provided with “run-dry” protection 
to shut the pump down if flow is not available at the inlet.  If the supply line delivering water to 
the booster pump has outlets which potentially could rob the booster pump inlet of positive 
pressure, flow control valves should be considered at these outlets or other measures taken to 
insure a dependable flow to the booster. 
 
7.2.7 Solar Pumps (reference University of Tennessee Agricultural Extension Service PB 1640) 
 
Solar power is now a very viable option for replacing traditional pumping systems such as 
windmills or engine generators for reasons that include less maintenance, lower cost, improved 
mobility, increased system availability over windmills, less noise, and no fuel transportation. 
 
A solar-powered water pumping system is made up of two basic components.  The first 
component is the power supply consisting of photovoltaic (PV) panels (Figure 7.3).  The 
smallest element of a PV panel is the solar cell.  Each solar cell has two or more specially 
prepared layers of semiconductor material that produce direct current (DC) electricity when 
exposed to light.  This DC current is collected by the wiring in the panel.  It is then supplied 
either to a DC pump, which in turn pumps water whenever the sun shines, or stored in batteries 
for later use by the pump.  Manufacturers normally rate voltage (volts) and current (amps) output 
from PV panels under peak power conditions.  Peak power (watts=volts x amps) is the maximum 
power available from the PV panel at 1,000 W/m2 solar irradiance (amount of sunshine) and a 
specified temperature, usually 25 C (770F).  Typical output from a 60-watt PV panel is shown in 
Table 7.1  The amount of DC current produced by a PV panel is much more sensitive to light 
intensity striking the panel than is voltage generated.  Roughly speaking, if you halve the light 
intensity, you halve the DC current output, but the voltage output is reduced only slightly. 

 Figure 7.3 Photovoltaic Panels 

Table 7.1 Typical Output from a 60-Watt, 12-Volt 
Photovoltaic Panel 
 
Maximum Power 60 Watts 
Maximum Power Voltage 16.9 Volts 
Maximum Power Current 3.55 Amps 
 
Individual PV panels can be wired in series or parallel 
to obtain the required voltage or current needed to run 
the pump.  The voltage output from panels wired in 
series is the sum of all the voltages from the panels.  
For example, the maximum voltage output from two 
of the 12-volt PV panels shown in Table 1 wired in series is 33.8 volts.  Thus, a 24-volt DC 
pump requires a minimum of two, 12-volt panels wired in series.  The current (amps) output 
from these same panels wired in series is equal to the current (amps) output from an individual 
panel, 3.55 amps.  The voltage and current output from panels wired in parallel is the exact 
opposite of series-wired panels.  For panels wired in parallel, the current (amps) output is the 
sum of all the currents (amps) from the panels and the voltage is equal to the voltage output from 
an individual panel. 
 
The other major component of these systems is the pump.  Solar water pumps are specially 
designed to use solar power efficiently.  Conventional pumps require steady AC current that 
utility lines or generators supply.  Solar pumps use DC current from batteries and/or PV panels.  
Also, they are designed to work effectively during low-light conditions, at reduced voltage, 
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without stalling or overheating.  Although a wide range of sizes are available, most pumps used 
in livestock-watering applications are low volume, yielding two to four gallons of water per 
minute.  Low-volume pumping keeps the cost of the system down by using a minimum number 
of solar panels and using the entire daylight period to pump water or charge batteries.  Some 
solar pumps are fully submersible, while others are not.  The use of submersible pumps 
eliminates potential priming and freezing problems.  Most solar water pumps are designed to use 
solar power most efficiently and operate on 12 to 36 volts DC.   
 
Many solar pumping systems use positive displacement pumps that seal water in cavities inside 
the pump and force it upward.  Their design enables them to maintain their lift capacity all 
through the solar day at the slow, varying speeds that result from varying light conditions.  
Positive displacement pumps include piston and jack pumps, diaphragm, vane, and screw pumps.  
 
Centrifugal-type pumps that impart energy to the water using a rotating impeller are typically 
used for low-lift or high-volume systems.  Centrifugal pumps start gradually and their flow 
output increases with the amount of current.  For this reason, they can be tied directly to the PV 
array without including a battery or controls.  However, because their output drops off at reduced 
speeds, a good match between the pump and PV array is necessary to achieve efficient operation.   
 
Pumps, because of their mechanical nature, have certain well-defined operating properties.  
These properties vary between types of pumps, manufacturers, and models.  The amount of 
water that a solar pumping system will deliver over a given period of time (usually measured in 
gpm or gph) depends upon the pressure against which the pump has to work.  The system 
pressure is largely determined by the total vertical pumping distance (the vertical distance 
between the water source and the watering tank) referred to simply as elevation head.  Simply 
put, as the vertical pumping distance increases, the amount of water pumped over a given period 
of time decreases.  When system friction losses and discharge pressure requirements (if any) are 
added to elevation head, the total system head can be determined.  Pump manufacturers publish 
information that describes how each pump will perform under varying operating conditions.  The 
choice of pump depends on water volume needed, efficiency, price, and reliability.   
 
There are two basic types of solar-powered pumping configurations, battery-coupled and 
direct-coupled.  A variety of factors must be considered in determining the optimum system for a 
particular application.   
 
Battery-coupled water pumping systems consist of PV panels, charge control regulator, 
batteries, pump controller, pressure switch and tank, and DC water pump (Figure 7.4).  The 
electric current produced by PV panels during daylight hours charges the batteries, and the 
batteries in turn supply power to the pump anytime water is needed.  The use of batteries spreads 
the pumping over a longer period of time by providing a steady operating voltage to the DC 
motor of the pump.  Thus, during the night and low light periods, the system can still deliver a 
constant source of water for livestock. 
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Figure 7.4  
Battery-Coupled Solar Water Pumping System 

 

 
The use of batteries has its drawbacks.  First, batteries can reduce the efficiency of the overall 
system because the operating voltage is dictated by the batteries and not the PV panels.  
Depending on their temperature and how well the batteries are charged, the voltage supplied by 
the batteries can be one to four volts lower than the voltage produced by the panels during 
maximum sunlight conditions.  This reduced efficiency can be minimized with the use of an 
appropriate pump controller that boosts the battery voltage supplied to the pump. 
 
The primary function of a pump controller in a battery-coupled pumping system is to boost the 
voltage of the battery bank to match the desired input voltage of the pump.  Without a pump 
controller, the PV panels’ operating voltage is dictated by the battery bank and is reduced from 
levels which are achieved by operating the pump directly off the solar panels.  For example, 
under load, 2 PV panels wired in series produce between 30 to 34 volts, while 2 fully charged 
batteries wired in series produce just over 26 volts.  A pump with an optimum operating voltage 
of 30 volts would pump more water tied directly to the PV panels than if connected to the 
batteries.  In the case of this particular pump, a pump controller with a 24-volt input would step 
the voltage up to 30 volts, which would increase the amount of water pumped by the system. 
 
Solar panels that are wired directly to a set of batteries can produce voltage levels sufficient 
enough to overcharge the batteries.  A charge control regulator should be installed between the 
PV panels and the batteries to prevent excessive charging.  Charge controllers allow the full 
current produced by the PV panels to flow into the batteries until they are nearly fully charged.  
The charge controller then lowers the current, which trickle charges the battery until fully 
charged.  The regulator installed should be rated at the appropriate system voltage (i.e., 12-volt, 
24-volt, etc.,) and the maximum number of amperes the solar panels can produce.  The regulator 
should be installed near the batteries, in accordance with the manufacturer’s instructions.  This 
usually requires only four connections: the PV panel “POS” and “NEG” terminals and the 
battery “POS” and “NEG” terminals.  In addition to overcharging protection, a low-voltage or 
battery state-of-charge control is required to prevent deep-discharge damage to batteries.  The 
low-voltage relay acts as an automatic switch to disconnect the pump before the battery voltage 
gets too low.  The relay is activated and switches when battery voltage drops to “low-voltage” 
threshold, and deactivates and switches back when the battery voltage rises to “reconnect” 
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threshold.  Most suppliers of PV equipment offer a charge control regulator that combines both 
overcharge protection and low-voltage disconnect to protect the batteries. 
 
The most common batteries used in stand-alone PV systems are lead-acid batteries.  The 
familiar deep-cycle, marine-grade battery is a good example.  They are rechargeable, easily 
maintained, relatively inexpensive, available in a variety of sizes, and most will withstand daily 
discharges of up to 80 percent of their rated capacity.  A new type of lead-acid battery “gel cell” 
uses an additive that turns the electrolyte into a nonspillable gel.  These batteries can be mounted 
sideways or even upside down if needed because they are sealed.  Another type of battery using 
nickel cadmium (NiCd) plates can be used in PV systems.  Their initial cost is much higher than 
lead-acid batteries, but for some applications, the life-cycle cost may be lower.  Some advantages 
of NiCd batteries include their long-life expectancy, low maintenance requirements, and their 
ability to withstand extreme conditions.  Also, the NiCd battery is more tolerant to complete 
discharge.  It is important to choose a quality battery rated at a minimum of 100-amp-hour 
storage capacity.  Shallow-cycle (car batteries) should not be used for PV applications.  These 
batteries are lighter, less expensive, and are designed to produce a high-current cold-cranking 
amps for a short period.  The battery is then quickly recharged.  Generally, shallow-cycle 
batteries should not be discharged more than 25 percent of the rated battery capacity.  Battery 
banks are often used in PV systems.  These banks are set up by connecting individual batteries in 
series or parallel to get the desired operating voltage or current.  The voltage achieved in a series 
connection is the sum of the voltages of all the batteries, while the current (amps) achieved in 
series-connected batteries is equal to that of the smallest battery.  For example, 2 12-volt 
batteries connected in series produce the equivalent voltage of a 24-volt battery with the same 
amount of current (amps) output as a single battery.  When wiring batteries in parallel, the 
current (amps) is the sum of the currents (amps) from all the batteries and the voltage remains 
the same as that of a single battery.  Batteries must be protected from the elements.  Batteries 
should be buried below the frost line in a watertight enclosure or placed in a building where the 
temperature will remain above freezing.  If the batteries are buried, select a well-drained 
location.  Batteries should never be set directly on concrete surfaces, as self discharge will 
increase, especially if the concrete surface gets damp. 
 
In direct-coupled pumping systems, electricity from the PV modules is sent directly to the 
pump, which in turn pumps water through a pipe to where it is needed (Figure 7.5).  This system 
is designed to pump water only during the day.  The amount of water pumped is totally 
dependent on the amount of sunlight hitting the PV panels and the type of pump.  Because the 
intensity of the sun and the angle at which it strikes the PV panel changes throughout the day, the 
amount of water pumped by this system also changes throughout the day.  For instance, during 
optimum sunlight periods (late morning to late afternoon on bright sunny days) the pump 
operates at or near 100 percent efficiency with maximum water flow. 
 
However, during early morning and late afternoon, pump efficiency may drop by as much as 25 
percent or more under these low-light conditions.  During cloudy days, pump efficiency will 
drop off even more.  To compensate for these variable flow rates, a good match between the 
pump and PV module(s) is necessary to achieve efficient operation of the system.  Direct-
coupled pumping systems are sized to store extra water on sunny days so it is available on 
cloudy days and at night.  Water can be stored in a larger-than-needed stock tank or in a separate 
storage tank.   
 
 
 
 
 

7-12 

 



Figure 7.5 
Direct-Coupled Solar Pumping System 

 

 
Water-storage capacity is important in a direct-coupled pumping system.  Three to seven days’ 
storage is recommended in SD, with the larger volumes of storage providing greater 
dependability.  Storing water in tanks has its drawbacks.  Considerable evaporation losses can 
occur if the water is stored in open tanks, while closed tanks big enough to store several days 
water supply can be expensive.  If the system is to be utilized in freezing weather, central storage 
may be the most practical method of providing the needed storage. 
 
The efficiency of a direct-coupled water pumping system is sensitive to the match between the 
pump and the PV system.  PV panels produce a fairly constant voltage as the light intensity 
changes throughout the day; however, amperage changes dramatically with light intensity.  
During low-light levels, such as early morning and late evening, the PV array may be producing 
30 volts at 1 amp.  The pump motor needs current to start; however, it can run on a lower 
voltage.  A pump controller’s circuitry trades voltage for current, which allows the pump to start 
and run at reduced output in weak-sunlight periods.  Matching pump motor performance to the 
available sunlight with a properly sized power controller can increase the amount of water 
pumped in a day by 10 to 15 percent.   
 
Cost is a factor that must be considered when selecting a solar pumping system.  Total cost 
depends on many factors, such as the type of system (direct-coupled or battery-coupled), daily 
water requirements, pressure the pump must work against to supply the required water flow, and 
complexity of the water delivery system, etc.  For example, low-volume solar pumping systems 
keep costs down, when compared to higher output solar pumping systems, by using a minimum 
number of solar panels and by using the entire daylight period to charge batteries or pump water.  
Cost for a solar pumping system can range from a low of $3,000 or less to over $15,000 
depending on the volume and head requirements and the type of system.  Many reputable solar 
equipment dealers provide technical assistance free of charge.  The dealer will combine the 
information provided by the producer about the daily water requirements and TDH requirements 
with the information on solar energy available for SD, and select the solar pumping system that 
best fits the livestock needs and budget.  
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The PV panels should be mounted facing due south in a location where they receive maximum 
sunlight throughout the year.  Panels facing 30 degrees away from south will lose approximately 
10 to 15 percent of their power output.  When choosing a site, it is essential to avoid trees or 
other obstructions that could cast shadows on the solar panels and reduce their output.  This is 
especially true during the winter when the arc of the sun is lowest over the horizon.  Solar panels 
produce the most power when they are pointed directly at the sun.  The tilt angle is the angle 
between the plane of the solar panel surface and the ground.  For maximum energy collection, 
the panel surface should be perpendicular to the sun.  The desired tilt angle (angle from 
horizontal) can be selected using the following general rules for optimum summer or winter use:  
the ideal pitch of an array for year-round operation is about the same as the number of degrees of 
local latitude which, for SD, would be about 450.  If the system is not used throughout the year, a 
lower array-tilt angle will be advantageous and lead to better system performance.  For example, 
if the summer months have the highest water needs, an array tilt of 15° less than the latitude 
angle (approximately 300 for SD) is recommended.   
 

Summer Use:  tilt angle = 30 degrees                  Winter Use:  tilt angle = 45 degrees 
 
For installations where the solar panels are permanently mounted, they should be tilted for 
maximum winter output if the system is used in the winter.  As a rule, if the power output is 
sufficient in the winter, it will be totally satisfactory during the rest of the year.  Most 
manufacturers and distributors sell mounting hardware specifically designed for their panels.  
This hardware is intended for multiple applications so parameters such as wind loading have 
been considered in the design.  Using this mounting hardware is the simplest and often the most 
cost effective.  Locating the PV modules close to the water source is important to keep voltage 
loss in the system wiring to a minimum.  A fence around the PV modules is required to protect 
the PV panels from damage due to animals.  After installation, the area inside the fence must be 
maintained.  Shading from weeds or a single tree branch can limit power output.   
 
Special devices called sun trackers are available which automatically turn the solar panels for 
maximum exposure to the sun during daylight hours.  These units optimize the available solar 
panel area.  Depending on the operating conditions, increasing the number of solar panels may 
be more economical than a sun tracker mechanism.  Also, sun trackers utilize a motorized 
mechanism that can be susceptible to mechanical problems resulting from dusty, windy 
conditions.  Some of the dealers, in SD, do not recommend trackers for use in this area because 
of the extra maintenance problems expected in our extreme conditions.  
 
A study done by USDA Agricultural Research Service in 1997 concluded the extra water 
produced by a tracker system compared to a non-tracking system did not warrant the extra cost.  
A major hindrance limiting the production was that the tracking system did not always follow the 
sun.  The passive tracking system was unstable in gusty winds and flopped to one side causing it 
to not maintain an optimum angle with the sun. 
 
Insolation maps of the U.S. contain contours that denote the daily amounts of solar insolation 
during the seasons of the year.  The daily insolation is kWh/m2 is also called peak sun hours.  
Figure 7.6 below illustrates the definition of Peak Sun Hours as “the equivalent number of 
hours per day when solar irradiance averages 1,000 watts/m2.  For example, six peak sun hours 
means that the energy received during total daylight hours equals the energy that would have 
been received had the irradiance been 1,000 watts/m2 for 6 hours”.  Or, stated another way, the 
total energy available from sun up to sun down would be the equivalent of 1,000 watts/m2 for 6 
hours. 
 
 

7-14 

 



Figure 7.6  
Peak Sun Hours (reference Photovoltaic Power As A Utility Service:  Guidelines For Livestock Water 

Pumping, SAND93-7043, Sandia National Laboratories) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The average daily solar insolation, for SD, in June, ranges from 6.1 hours per day to 5.7 hours 
depending on the location in the state as illustrated in Figure 7.7, and for December ranges from 
3.3 hours per day to 2.1 hours depending on location as illustrated in Figure 7.9.  Most 
manufacturers base their daily water pumping volumes for solar pumps on the solar insolation 
available in July and; therefore, if the main water use period is for seasons other than summer, 
adjustments need to be made to the total daily production based on the reduced hours of 
insolation.  The insolation values are averages for the month, taking into account overcast days 
and cloudy days (note the monthly insolation values for Seattle, known for its clouds; and 
Phoenix, known for is sun, in comparison to other locations of similar latitude.)  A totally 
cloudless day in June would then produce more solar power than the average and the converse is 
true for cloudy days.  The average annual daily solar insolation for Central SD is 4.8 hours per 
day. 
 
The design flow for a pipeline served by a solar system should be based on the peak output 
from the pump.  The peak output can be calculated based on the daily pump output (gallons) 
delivered during the equivalent peak sun hours available at the site in the June-July period.  For 
example, a pump installed, in SD, and rated at 2,400 gallons per day would base that volume on 
approximately 6 peak hours per day.  The peak output for the pump would then be 6.7 gallons 
per minute (2,400 gpd/6 hours per day/60 minutes per hour) and; therefore, the pipeline would be 
designed for at least 7 gpm.  During the early morning and early evening the output from the 
pump would be much less than this, but around noon the peak out put would be approximately 
seven gpm or slightly more.  The average flow for the day could be approximated as 3.6 gpm 
(2,400 gpd/11 hours per day/60 minutes per hour).  
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Figure 7.7  
Average Daily Solar Insolation – June 

(reference Photovoltaic Power As A Utility Service:  Guidelines 
 For Livestock Water Pumping, SAND93-7043, Sandia National Laboratories) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.8 
Average Daily Solar Insolation – September 
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Figure 7.9 
Average Daily Solar Insolation – December 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7.10 

Average Daily Solar Insolation – March 
 

 

Selecting the correct size and type of wire when connecting the pump to the batteries or solar 
panels increases the performance and reliability of the system.  If possible, keep the PV panel 
and pump sets within 100 feet of each other. At this distance, a #12 gauge wire is sufficient to 
keep the voltage loss in most 24-volt systems to roughly 3 percent.  Larger diameter wires will 
be required at distances greater than 100 feet to keep the voltage loss in the system to a 
minimum.  A voltage drop of only five percent translates to a seven and one-half percent power 
loss at the pump.  The use of direct-burial wire (UF) simplifies installation, since the wire can be 
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buried under the water pipe in the same trench without conduit.  Make all connections in water-
tight junction boxes and attach all wires to support structures with wire ties.  Use PVC conduit to 
protect the wires anytime they are above ground.  
 
Solar water pumping systems attract lightning because of the excellent ground they provide.  
If possible, do not locate the pump system, which includes the PV array, wiring, and pump, on 
high ground.  Ground the PV panel frame and all equipment boxes to metal well casings or to a 
driven ground rod.  You might have to install lightning rods on higher terrain around the pump if 
lightning is a problem.   
 
The pump can be operated using either a standard pressure switch and recharged pressure 
tank commonly used with home well pumps or an electronic float switch.  The recharged 
pressure tank prevents the continuous on/off cycling of the pump when cattle drink from a nearly 
full watering tank.  When the float valve closes in a recharged pressure tank system, the pump 
continues to run until the pressure tank is charged with water at the preset off-pressure.  As the 
level in a near-full tank fluctuates when animals are drinking and the float valve opens and 
closes, water is supplied from the charged pressure tank and the pump does not cycle.  When 
animals drink enough to lower the water level and the float valve remains open, the pressure tank 
water charge is exhausted and the pressure switch then turns on the pump.  A check valve placed 
in line upstream from the pressure switch location prevents the water line from draining when 
the pump is not operating.   
 
Electronic float switches can be used to turn the pump on and off when the livestock watering 
and/or storage tank is low or full.  Control wires from the livestock watering tank and/or storage 
to the pump controller must be run to make the system operate.  Consider the maximum distance 
between float switch and pump as being approximately 1,200 feet unless the dealer/supplier 
permits a longer distance.   
 
The amount of maintenance required by solar pumping systems depends on the type and 
complexity of the system.  PV panels generally require very little maintenance; however, pumps, 
batteries, and other components require periodic routine maintenance.  If the PV panels are dirty, 
operating efficiency of the system can be improved by cleaning the panels.  Damage to PV 
panels caused by hail or other impact sources can destroy individual solar cells, but the PV panel 
will continue to produce current proportional to the amount of undamaged cells in the panel.  
The point at which the panel replacement is necessary should be determined by the dealer.  A 
solar system will last a certain time before it needs replacement.  The panels should last 20-30 
years, whereas, the pump may have to be replaced every 5-10 years.  
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7.2.8 Conventional Windmills 
 
South Dakota has wind resources consistent with winds 
suitable for utility-scale production.  Good to excellent wind 
resource areas are located throughout the state.  Prominent 
excellent to outstanding resource areas are located on the hills 
east of Pierre, the ridges in south-central SD near the Nebraska 
border, and hills near Rapid City.  Ridge crest locations in the 
Black Hills can also have excellent wind resources.  On a 
smaller scale, wind resources suitable for stock water pumping 
are available at most locations in the state.  A wind resource 
map produced by the Department of Energy is included in 
Appendix A and maps the different classes of wind power in 
SD.  In general, at 50 meters, wind power Class 4 or higher 
can be useful for generating wind power with large turbines.  
Class 4 and above are considered good resources.  Wind 
resources at a micro level can vary significantly; however, the 
wind resource map can be used as a general indicator of wind 
power adequate for stock water windmills.  
 
Windmills are still used to great advantage when power is not available at a site.  The most 
important factor is to provide adequate water storage to carry over during periods of little or no 
wind.  A windmill harnesses the free and renewable power of the wind and uses that energy to 
lift underground water to the surface.  The basic design of a windmill hasn't changed in almost 
120 years.  A windmill works by converting the rotary motion of the wheel located at the top of 
the tower to a reciprocating (up/down) motion that powers a cylinder pump in the well.  The 
cylinder pump pushes a column of water from the aquifer to the surface within the drop pipe 
using a series of check valves which create a one-way flow of water within the drop pipe and 
constantly ratcheting water upward to the surface (Figure 7.11). 
 
Table 7.2 tabulates approximate windmill capacities (GPH) depending on the cylinder size.  
Table 7.3 tabulates approximate pumping heads which vary depending on the size of the 
windmill wheel.  As the size of the wheel increases, more power is available to deliver the water 
at higher head.  The tables are based on a windmill operating in a 15-20 mph wind using a long 
stroke cylinder pump.  Short stroke cylinders may also be used to increase pumping head 
available by one-third but pumping capacity is reduced by about one-quarter.  Deep wells use a 
short stroke; shallower wells a long stroke.  Shorter more powerful strokes can lift a deeper 
heavier column of water than pumps using longer strokes.  Naturally, deeper wells will pump 
less water in a given time than shallower wells.   
 
For 12 mph winds, capacity is reduced about 20 percent and for 10 mph winds, about 38 percent.  
If prevailing winds are low, use of a cylinder smaller than shown will permit the mill to operate 
in lower wind velocity. 
 
It is important to use a tower high enough for good wind exposure from every direction.  Wind 
velocities become stronger as the distance above ground level increases.  The windmill will 
pump more often and more efficiently if positioned high enough to catch winds unaffected by 
obstructions.  A windmill should be placed away from nearby trees a minimum distance of 20 
times tree height.  The bottom of the wheel should be at least 15 ft. above all surrounding 
obstructions within 400 ft.  Manufactured towers are available in sizes from 21 ft. to 
approximately 60 ft. in 6-7-ft. increments with towers of 30-50 ft. being most common.  
 
Fasten a windmill down securely to prevent it from being upset by high winds.  Tall windmills 
should be anchored in concrete, while shorter windmills may be anchored to posts or deadmen 
with guy wires. 
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Since wind velocities adequate for pumping cannot be relied on every day, even in SD, storage is 
and important part of any windmill installation.  Usually the storage is provided in a large 
diameter stock tank located at the well site, although an elevated central storage tank could be 
utilized as well.  The most common large diameter stock tanks used at windmills are fabricated 
from galvanized, corrugated steel rims which are available in sizes up to 39 ft. diameter (or 
more) and storing 25,000 gallons.  The storage should be sized to provide a three to seven days 
water for the livestock served.  Dependability of the installation increases with increased storage 
volume with the volume being three days. 
 

Table 7.2 
Approximate Windmill Capacity 

(Gallons Per Hour) 
========================================= 
Cylinder      Wheel Diameter (feet) 
Diameter     ------------------------------- 
(inches)           6 feet         8-16 feet 
========================================= 
1-7/8  125 180 
2  130 190 
2-1/4  180 260 
2-1/2  225 325 
2-3/4  265 385 
3  320 470 
3-1/2  440 640 
3-3/4  500 730 
4  570 830 
5  900 1300 
6  ---  1875 
======================================== 

                Figure 7.11 
        Cylinder Pump Detail 
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Table 7.3 
Windmill Pumping Head 

(Feet) 
 ============================================================ 
 Cylinder                  Wheel Diameter (feet) 
 Diameter   ----------------------------------------------------------------------------- 
 (inches)    6      8      10        12        14                16 
 ============================================================ 
            1-7/8 120  175  260  390  560  920 
 
   2  95 140  215 320 460  750 
 
    2-1/4  77  112 170  250  360  590 
 
   2-1/2  65  94  140  210  300 490 
 
     2-3/4 56 80  120  180  260 425 
 
     3   47 68  100  155  220  360 
 
     3-1/2 35  50 76 115 160  265 
 
   3-3/4  30 44 65 98  143  230 
 
     4 27 39 58 86 125 200 
 
    5 17 25 37 55 80 130 
 
     6  - 17 25 38 55 85     
  
         ============================================================= 
The following procedure is used to size a windmill: 
 
• Calculate the daily water requirement for the livestock to be served. 
• Calculate the hourly pumping rate based on the estimated hours per day of adequate wind 

velocity (four to six hours for SD). 
• Select the cylinder size that will provide the necessary volume of water. 
• Determine the pumping head based on the drawdown in the well and the discharge 

elevation.  If the stock tank is located at the well, then the head would be the depth to 
water during pumping.  If the stock tank is located some distance from the well then 
elevation and friction loss would need to be accounted for. 

• Determine windmill wheel size based on pumping head. 
• Select a tower with sufficient height to position the windmill at least 15 ft. above any 

surrounding obstructions within 400 ft. 

Example:   
 
Daily water requirement - (60 hd.)(30 gpd) = 1,800 gpd 
Hourly pumping rate – (1,800 gpd)/(6 hours per day) = 300 gph note:  the windmill capacity 
should not exceed the well yield, 300 gph is 5 gpm  
Cylinder size – 2½” with 8-16 ft. wheel (325 gph) 
Water level estimated at 120 ft. @ 5 gpm – Pumping head approximately 120 ft. 
Wheel size – select 10 ft. wheel capable of 140 ft. pumping head with 2½” cylinder 
Tower size – the location selected has no nearby obstructions, a 21 ft. tower was selected 
Figure 7.12 illustrates a conventional windmill installation with the tank located at the well. 
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Figure 7.13 illustrates one type of plumbing configuration for a windmill connected to a pipeline.   
 
              Figure 7.12                                                                Figure 7.13 
     Windmill/Tank Plumbing   Windmill/Pipeline Plumbing 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

Advantages of windmills include: 
 
• Suitable in remote areas where electricity is not available 
• Windmills are difficult to dismantle and steal 
• If regularly maintained, windmills are dependable 
• Operating costs are low 
 
Disadvantages include: 
 
• Dependent on wind 
• Water is pumped at relatively low rates 
• Storage must be provided 
• Windmills are expensive to purchase and install 
• Maintenance must be done high off the ground 
• Cylinder parts must be changed every one to five years 
• Windmills are targets for vandalism 
• Conventional windmills require wind speeds approaching 12 miles per hour to start 

pumping 
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7.2.9 Counterbalanced Windmills 
 
In a fully counterbalanced windmill, water is pumped on both the up-stroke and the down-stroke.  
A non-counterbalanced windmill pumps only on the up-stroke.  A counterbalanced windmill 
allows the windmill to start pumping at lower wind speeds of as little as 5 mph, versus the 12 
mph wind needed to start a non-counterbalanced windmill.  At wind speeds below 10 mph, tests 
show a counterbalanced windmill will pump 3 times more water 
than a conventional windmill and at wind speeds above 10 mph 
approximately 1/3 more.  These counterbalanced pumps are capable 
of pumping water from as deep as 1,200 ft. 
 
These windmills use a rotary counterbalanced crank shaft, and 
industrially designed gear box to account for the higher 
performance, as compared to other windmills.  The rotary counter 
balance jack pump improves pumping power by lightening the 
weight of the load of water being lifted from the well, resulting in 
the ability to pump much higher volumes of water from deeper 
depths in lower winds than traditional windmills.  A high strength 
sealed gear box, with industrial quality anti-friction bearings and 
heavy duty gears, provides reliable performance.   
 
Examples of pump performance are shown in Figures 7.14 and 7.15 respectively for a 
counterbalanced long stroke pump set in a 25 ft. deep well, and a short stroke pump set in a 
1,000 ft. deep well. 
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Figure 7.14 
Counterbalanced Windmill Pump Performance (Long Stroke) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 7.15 
Counterbalanced Windmill Pump Performance (Short Stroke) 
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7.2.10 Windmill-driven Air Pump 
 
Unlike other windmills that pump water, an airlift windmill 
water pump does not have to stand over the water well or other 
water source.  It can be located up to a quarter mile away or 
wherever the wind achieves maximum velocity such as on a 
nearby hill.  A one-half inch air hose connects the compressor 
on the windmill and the air lift pump located below the water 
surface in the well and attached to a drop pipe.  The pump is 
actually a perforated foot piece attached at the end of the drop 
pipe.  As air is pumped into the foot piece, the water column 
becomes less dense and is forced up by the more dense water on 
the outside of the drop pipe.  Capacity of an airlift windmill can 
range from 30 gpm for shallow lifts of 10 ft. or less to 3 gpm for 
lifts up to 315 ft. (Figure 7.16).  It can accommodate well 
casings as small as two inches.  Multiple wells can be serviced 
by the same windmill by simply attaching more air lines.  Air pump windmills pump well water 
by the use of an air injection pump.  The air injection pump measures a bubble of air created by 
the windmill that floats water to the surface in a continuous cycle.  All moving parts in the air 
pump system are above ground.  There are no cylinders, leathers, or plunger type assemblies as 
in other conventional windmill cylinders.  The air pump can run dry, accepting sand and sludge 
without harm.  The air pumps require a minimum of maintenance.  The air pump windmills can 
be installed by a single person in less than a day.  Towers are available as a standard three-way 
trussed tower or three-way folding trussed towers of 17-22’ height.  Air pump windmills can also 
be used to aerate stock tanks to reduce freeze-up in winter.  Cost for an air pump system will 
usually be less than a complete conventional windmill system.   
 
                                                               Figure 7.16 
                                                        Air Pump Capacity 

 

 

 

 

 

 

 

 

7.2.11 Highbred Systems 
 
There are numerous renewable energy variations of pumps combining wind, solar, or batteries to 
run pumps designed for variable amperage DC current.  They exhibit similar characteristics to 
the single source pumps described in previous sections.  Combining wind and solar you get the 
best of both worlds with higher output from solar in the summer and wind in the winter.  Thus, 
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giving more consistent water production year around if that is desired.  There would be very few 
days when a highbred system would not pump in SD.  Most systems draw power from both 
sources simultaneously so there is no switching required to get the maximum production on 
sunny windy days.  The operator must weigh the economics of these higher cost systems to 
decide if the added cost will be offset by the increased production and dependability. 
 
7.2.12 Hydraulic Ram Pump                                                                           Figure 7.17 
                                                                                                                    Hydraulic Ram Pump 
A hydraulic ram pump is a simple device for pumping water  
that requires no energy source other than the elevation head 
obtained from the water.  It uses the energy of flowing water to 
lift water from a stream, pond, spring, or artesian well to an 
elevated storage tank or other discharge point.  It is suitable for 
use where small quantities of water are required and power 
supplies are limited or not available.  A hydraulic ram is feasible 
where a constant flow of water is available, the usable fall from 
the water source to the ram location is at least three feet, and the 
volume at the source is adequate waste the majority of the water 
and still have enough volume to supply the need at the point of 
delivery.  
 
Components of a hydraulic ram pump are illustrated in Figure 7.17.  Its operation is based on 
converting the velocity energy in flowing water into elevation lift.  Water flows from the source 
through the drive pipe (A) and escapes through the waste valve (B) until it builds enough 
pressure to suddenly close the waste valve.  Water then surges through the interior discharge 
valve (C) into the air chamber (D), compressing air trapped in the chamber.  When the 
pressurized water reaches equilibrium with the trapped air, it rebounds, causing the discharge 
valve (C) to close.  Pressurized water then escapes from the air chamber through a check valve 
and up the delivery pipe (E) to its destination.  The closing of the discharge valve (C) causes a 
slight vacuum, allowing the waste valve (B) to open again, initiating a new cycle.  The cycle 
repeats between 20 and 100 times per minute, depending upon the flow rate.  If properly 
installed, a hydraulic ram will operate continuously with a minimum of attention as long as the 
flowing water supply is continuous and excess water is drained away from the pump. 
 
Hydraulic rams can offer a lower cost alternative to solar power or other alternative power 
systems.  The main limitation is that rarely is a flow of water of sufficient volume (10-20 gpm) 
and at sufficient elevation available to power the ram, although there are a few hydraulic rams 
installed around the state.  A ram will multiply the elevation head by a factor of 10 or more.  For 
example, if the ram is 10 ft. below the water supply, the water can be pumped up to 100 ft. above 
the pump while wasting approximately 90 percent of the water supplied to the ram.  You can see 
that the one big disadvantage of a ram pump is that it wastes a lot of water.  Design information 
is available on the internet.  Hydraulic rams may be purchased from suppliers or instructions are 
available on the Internet for fabricating a ram pump.  
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7.2.13 Nose Pump 
 
Nose pumps are simple diaphragm pumps that provide water 
when operated by livestock.  When an animal pushes the 
pump arm or paddle with its nose, about one to two pints of 
water is pumped into a small drinking bowl by the animal’s 
action.  Nose pumps provide water to one animal at a time at a 
low flow rate, so their use is limited to small numbers of 
animals.  
 
Nose pumps are suitable for large animals such as cows, 
horses, and calves weighting at least 400 lbs.  Smaller calves 
can use this system if a small shallow tank is placed under the 
pump to collect overrun water.  This overrun water can then 
be used by a calf, smaller that 400 lbs.  The overrun water comes when the cow pumps the nose 
pump and extra water that can not be held in the nose pump reservoir runs over the reservoir into 
the small shallow tank.  Sheep won’t use a nose pump as they prefer to butt with their heads 
rather than push with their nose.  These units must be set reasonably close to the water’s surface 
in terms of elevation.   
 
These pumps are simple, economical options which can be used in remote locations since no 
power is required.  The pumps are easily moved from one water source to another in rotational 
grazing systems.  Manufacturers and producers report that most animals learn to use the pumps 
very quickly.  Animals unable to learn how to use nose pumps will need other accommodations 
or a substitute watering system.  Young calves may not have the strength to operate the pumps, 
depending on the lift and distance the pumps have to move the water.  The livestock need a few 
days to learn to use the pump before hot weather sets in and other water sources are removed.  
Dairy cows have proven to be very adept at using the nose pump.  No water storage or stock 
tanks are required for these systems.  Manufacturers suggest that the units be protected from 
freezing, which limits their use to warm months.   
 
One nose pump is adequate for about 25-35 cow/calf pairs.  They can lift water up to 28 ft. and 
can pull water up to 3,000 ft. at sea level; however, as the distance from the source increases, the 
water has to travel further, the amount of lift possible decreases.  In SD, it is probably realistic to 
not expect lifts over 20 ft. if the pump is set adjacent to the stream or pond and lifts of 15 ft. or 
less if the nose pump is any distance away from the source.  The paddles on the pump are easier 
to push at reduced lifts.  
 
The pumps need to be mounted so that cattle pushing the paddle or fighting over the water don’t 
move the pump.  The mounting is usually done on railroad ties pinned down with re-bar or other 
stakes.  The suction hose with foot valve needs to be mounted in the creek or pond and must be 
of noncollapsible pipe or hose.  Where more than one pump is used, you can use one supply line 
and manifold the other from the main line.  Pumps usually will come with a check valve and 
strainer; both of which are needed.  Cost of these systems is usually less than $400 and is of great 
benefit to water quality as a result of restricting livestock access to streams.   
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7.3 Pressure Tanks 
 

7.3.1 Purpose and Operation 
 
A pressure tank is used to control the cycling of the pump.  
Proper sizing of the pressure tank is necessary to control 
cycle time and insure the maximum life of the pumping 
system.  Excessive pump cycling (kicking on, shutting off, 
kicking on, shutting off) affects the life of submersible 
pump control components such as pressure switches, 
starters, relays and capacitors, pump splines, and be
Excessive cycling also can cause overheating of the motor 
and windings and can drastically shorten the life of the 
pump motor.  Submersible pumps usually do not fail 
because of wear proportional to running time, but rather 
from causes related to overheating, rapid cycling, lightning, 
or from pumping sand.  Over sizing a pressure tank is desirable because the cycle time is 
lengthened, with the only concern being the cost of the pressure tanks.  Under sizing the pressu
tank can cause rapid cycling and shorter pump life.  Generally, operators and suppliers deali
with pressure systems understand the need for a pressure tank, but few understand the actual 
purpose or the relationships which determine the size required.  One pump manufacturer 
recommends the maximum number of pump starts per 24-hour period as less than 300 for motors 
up to ¾ hp, 100 for 1-5 hp, and 50 starts or less per 24 hrs. for motors 7½ hp and over.  The 
NRCS, in SD, uses a design procedure based on six cycles per hour, which based the on 
preceding recommendation would offer a conservative design for the small hp units but should 
be based on approximately four cycles per hour for the one to five hp units and two cy

arings.  

re 
ng 

cles per 
our for those motors of seven and one-half hp and over. 

he 

 
 to limit pump operation to 6 cycles 

er hour or less (cycle times of 10 minutes or more).  

.3.2 Efficiency  

ly 

ch the pump 
 automatically turned on.  Cut-out is the pressure at which the pump is turned off. 

 
ufacturers the drawdown can be estimated for any operating 

nge by the following equations: 

h
 
The operation of a pressure tank depends on the compressibility of air, which causes air in the 
tank to act like a huge spring as the pressure fluctuates within the system.  As water is used in t
system, the air expands to push a small amount of stored water out of the tank, the air volume 
increases as the tank pressure drops.  When the pressure drops to equal the low setting on the 
pressure switch, the pump kicks on.  Some of the pump flow then is delivered to the point of 
usage on the system and the balance of the flow begins to refill the pressure tank.  As the tank 
fills, the air is compressed and the pressure rises.  When the pressure equals the high setting on 
the pressure switch, the pump shuts off.  The total time to empty the tank and then refill and stop
the pump is called a cycle.  The recommended design is
p
 
7
 
Only a small percentage of the total tank volume is available for useable water storage or 
drawdown.  The tank efficiency refers that portion of the total pressure tank volume actual
available for drawdown.  Drawdown of the tank is equal to the water volume that is stored 
between cut-in pressure and cut-out pressure.  Cut-in pressure is that pressure at whi
is
 
Pressure tank manufacturers usually state the volume of drawdown for a given tank and although
there is some variation among man
ra
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                                        (1-     Pump Cut-In  +  14.7) 
                                                  Pump Cut-Out + 14.7   
Tank Efficiency   =      __________________________ 
                                                             1.1 

rawdown (gal.)  = Tank Efficiency x Tank Volume 

 gallon pressure tank operating at a 70/100 psi setting the drawdown would be 23.8 
allons. 

e 
reases as 

ater is being used in the system, the tank is empty at 30 psi when the pump starts. 
 

Figure 7.18 

 

 

 

 

 

 

 

 but the volume of air necessary to 
ise a tire at 50 psi an additional 10 psi is considerably less. 

.3.3 Pressure Differential 

psi 

, 

ted by the pipe rating and other pipeline appurtenances.  

  
 
D
 
For an 80
g
 
Figure 7.18 illustrates the operation of a pressure tank with a 30 psi “on” 50 psi “off” cycle.  A 
pressure tank is 28 percent efficient at a 30-50 pressure setting.  Therefore, if the pressure tank 
has a 40 gallon capacity, when the pump shuts off as the pressure rises to 50 psi, (Figure B), th
water occupies 28 percent of the tank volume (11.2 gallons), and as the pressure dec
w

 

 
 
Tanks operating at higher pressures (i.e., 60-80 psi) are less efficient (have less drawdown) than 
tanks operating at lower pressures (i.e. 20-40 psi).  This is due to the physics of compressed air, 
but an everyday example of this would be adding air to a tire.  A truck tire at 5 psi needs quite a 
volume of air added to raise the pressure an additional 10 psi,
ra
 
7
 
The difference between the Cut-in pressure and Cut-out pressure is defined as the pressure 
differential.  Tanks operating with a kick-off pressure less than 80 psi usually have a 20 psi 
pressure differential between kick-on and kick-off (i.e., 40-60 psi).  Tanks operating over 80 
usually have a 30 psi differential pressure (i.e., 90-120 psi).  The larger pressure differential 
provides more drawdown volume at these higher pressures.  As tank pressures increase, the 
efficiency and resulting drawdown decreases, but by increasing the differential to 30 psi or more
the loss of drawdown caused by the increased pressures can be offset.  It is perfectly acceptable 
to use pressure differentials of 25 or 30 psi on the lower pressure systems, as long as the higher 
kick-off pressure is below the maximum pressure rating of the tank and the higher static pressure 
can be accommoda
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7.3.4 Air Charge 

 the 
he 

er 

y, 

odels with 

ks 
 

ressure increases.  Tanks operating over 100 psi may need air 3-4 times per year or more. 

stem 

al 
.  If a tank is not properly pre-

harged, the bladder may be ruptured when placed in operation. 

.3.5 Pressure Rating 

nd 150 

s 
mp which does not require a pressure tank could be 

sed (variable speed constant pressure). 

 tank.  For 

 
Tanks are available with or without rubber bladders which are used to separate the air from the 
water and keep the tank fully charged with air.  Without a bladder, tanks will absorb the air in
pressure tank over time and become waterlogged.  When the tank becomes waterlogged, t
pump cycles rapidly just as if the pressure tank were too small (the drawdown volume is 
eliminated).  The higher the operating pressure, the faster a tank will absorb or “eat” the air.  
Tanks with operating pressures over about 70 psi should have bladders or a means to regularly 
replace the air.  If a tank with a bladder is “cycling rapidly,” that is a good indication the bladd
is ruptured.  Most tanks currently on the market are of the bladder type.  Tanks with bladders 
cost appreciably more than those without, primarily because if the tanks carry a good warrant
there is a good chance the bladder will rupture and the tank will be replaced by the company 
before the warranty runs out.  Consideration should be given to specifying only tank m
replaceable bladders for the larger, higher pressure, higher cost tanks; however, some 
replacement bladders cost almost as much as a new tank.  Bladder rupture is a common 
occurrence and bladder replacement is much less costly than continual tank replacement.  Tan
without bladders need air added periodically, with the frequency more often as the operating
p
 
Tanks must be pre-charged with air prior to being put into service.  The amount of pre-charge 
should be approximately equal to the cut-in pressure.  For example, a tank to be used for sy
with a 70/100 pressure switch setting should be pre-charged to 70 psi.  Tanks may carry a 
standard pre-charge from the factory of approximately 30 psi, and will; therefore, need addition
air added for pressure settings higher than the pre-charge amount
c
 
7
 
Common pressure tanks are rated for maximum operating pressures between 75 psi a
psi.  The upper design limit for cut-out pressure is; therefore, about 150 psi unless a 
specialized American Society of Mechanical Engineers (ASME) rated tank is used.  The 
ASME tanks are available up to 250 psi rating but are very expensive and are rarely used.  For 
systems with pressures above 150 psi, some other type of pump control should be used such a
a timer or a probe or a alternative type pu
u
 
It is very dangerous to use a tank at higher than its rated pressure.  A tank used beyond its 
rating could explode and cause death or serious injury to anyone working near the
that reason, a pressure tank should never be used beyond its rated pressure.  
Occasionally, owners want to use "used" tanks such as old propane tanks as water pressure 
tanks.  These tanks are not designed for water use and could soon corrode and weaken, and 
the high operating pressure would necessitate an air compressor plumbed into the system to
automatically re-charge the tank with air to maintain drawdown ca

 
pacity.  Pressure tanks 

ot manufactured for water containment should not be used. n  

.3.6 Sizing and Design  

s are 

 and 

 
7
 
In any high pressure automatic pressure system, additional storage can be added by installing 
multiple pressure tanks out on the pipeline at a location higher in elevation where pressure
relatively low.  The lower pressure location would provide for tanks operating at a higher 
efficiency and possibly using a lower cost model.  In such a system, it is desirable to have a 
primary high pressure tank located at the pump site.  This tank takes the initial surge of flow
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allows flow and pressures to equalize in the pipeline and serves as a surge tank to eliminate 
pressure spikes that could cause a pressure switch to rapidly bounce between cut-in and cut-o
If all of the pressure tanks are located at a remote location away from the well, the pressure 
switch should be located at the remote location and the pump relay controlled with small gauge 
wire connecting the remote location with the well site.  This configuration will prevent a rapidl
cycling pressure switch caused by spikes

ut.  

y 
 in surge pressure but may limit the distance between 

e remote location and the well pump. 

as follows:  
ote:  this sizing procedure is not applicable for variable speed constant pressure pumps). 

. Determine Average Daily Use – 

ay used by the system during the peak season (this 

 ms 

e 

ve 

y to happen on the system and pick a 
 normal daily use period accordingly. 

xample: 

                                                                         Total daily use     = 6,360 gal. 

                          Normal daily use period – 16 hours. 

th
 
Pressure tanks are designed based on a relationship between the pump discharge volume (pump 
capacity and the average daily use (gpm).  Because of this relationship, the pressure tanks can 
not be sized until the pump is designed.  The procedure for sizing a pressure tank is 
(N
 
1
 
 - This is the average flow in gpm being delivered by the pipeline system. 
 - Calculate the total gallons per d
  is typically summer grazing).  

- Figure the average gpm over the normal daily use period.  Many of our syste
 have extra capacity and the normal daily use period during the peak summer 
 season would be the time which the cattle would be drinking, - early morning (6 
 a.m.) to dark (10 p.m.) or about 16 hours.  On other systems where the pipelin
 capacity is close to the minimum design capacity, the normal daily use period 
 may be close to 24 hours, and even though the cattle are only drinking during the 
 daylight hours, it takes close to 24 hours to refill the tanks.  If some systems ha
 only a couple horses and most of the use occurs in the house, then the average 
 daily use period may be the time of water use in the house 7 a.m. to 7 p.m., or 
 about 12 hours.  Consider what is likel

 
E
 
                           Total gallons per day - 300 hd. cattle @ 20 gpd = 6,000 gal. 
                                                                  1 house @ 360 gpd       =    360 gal. 
  
 
  
 
                            Average Daily Use –           6,360 gal.            =  6.6 gpm 

                                                                   (16 hrs.)(60 min/hr.) 

. y 
wdown volume required for a cycle time of 10 minutes per 

cycle (6 cycles per hour). 

. Example: 

 Minimum Drawdown Required – approx. 17.2 gal. 

  
 
2 Go to the Drawdown Chart (Figure 7.19) – with the pump capacity and average dail
 use, find the minimum dra
 
 
3
 
  Pump Capacity – 9 gpm 
  Average Daily Use – 6.6 gpm 
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  Normally, you will have to interpolate between chart values, or you can figure the 
xamples on the previous pages. 

um pressure tank size – 

Tank efficiency (Figure 7.20) – 24 percent 

 
re 

 

he 
igher the cost.  A pressure tank with a rating of less than 100 psi is rarely specified.  Two or 

more smaller tanks can be installed side by side on a manifold in place of one large tank. 
 

  cycle time mathematically as in the e
 
4. Calculate minim
 
 Example: 
 
 Minimum drawdown required – 17.2 gal. 
 Pressure switch setting – 40-60 psi. 
 
 Minimum pressure tank size – 17.2 gal./.24 = 71.7 gallons 
 
There are many different sizes of pressure tanks depending on the brand.  Most companies have 
tank sizes of approximately 42 gal., 80 gal., and 120 gal.  There may be sizes in between and also
larger sizes, and if you have a brand popular in your area and know those sizes, you can be mo
specific.  In this example, we would specify a minimum tank size of 80 gallons with a minimum 
pressure rating of 100 psi.  Manufacturers have a maximum recommended operating pressure
specified in their literature and stamped on the tank specification tag.  Common pressure tank 
maximum operating pressures are 100, 125, and 150 psi.  The higher the pressure rating; t
h
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Figure 7.19 
Minimum Pressure Tank Drawdown Required 

(10 minutes per cycle) (1-(U/P))U = Drawdown 

 
 
 U= Average Daily Use   P= Pump Capacity 
 

Figure 7.20 
Pressure Tank Efficiency 

 
        Operating Pressure                                       Operating Pressure 
        20 PSI Differential                                        30 PSI Differential 
            PSI        Efficiency                                           PSI       Efficiency 

20-40 .33   20-50 .42 
30-50 .28  30-60 .37 
40-60 .24  40-70 .32 
50-70 .21  50-80 .29 
60-80 .19  60-90 .26 
70-90 .17  70-100 .24 
80-100 .16  80-110 .22 
90-110 .15  90-120 .20 

 100-120 .13 100-130 .19 
 110-130 .13 110-140 .18 
 120-140 .12 120-150 .17 
 130-150 .11 130-160 .16 
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7.3.7 Design Example 
 
The worst case scenario for rapid cycling occurs when a system runs for long periods of time 
with the water use approximately one-half of the pump capacity, and with a small pressure tank.  
An example would be a stockwater pipeline during summer operation running for long periods at 
5 gpm and with a 10 gpm pump.  A typical pressure tank would be a 42 gallon (these are 
inexpensive and common) operating at 50-70 psi setting.  The tank efficiency at this pressure 
setting is 21 percent; therefore, the useable storage is (.21)(42 gal) = 8.8 gal.  The pump 
operating cycle is shown below with the tank full and the pump shut off: 
 
Off Cycle -   8.8 gallons     = 1.8 minutes          (8.8 gal. storage being used at a rate of 5 gpm) 
                    5 gal/minute 
 
 
On Cycle -  8.8 gallons       = 1.8 minutes        (8.8 gal storage being refilled at a rate of 5 gpm 
                    5 gal/minute                                   which is the 10 gpm pump rate less 5 gpm  
                                                                           being used on the system) 
 
           Total Cycle Time    = 3.6 minutes        (16.7 cycles per hour) 
 
This is a poorly designed system which can be greatly improved with minor changes and little 
added expense.  The cost of having a pump installer change out a burned out pump on a regular 
basis is much greater than a small increased cost in a larger pressure tank, or having a pump 
properly matched to the system which costs nothing or may even cost less.  This is the pump 
cycle time with a larger 120 gallon pressure tank installed (useable storage (.21)(120 gal) = 25.2 
gal) : 
 
Off Cycle -   25.2 gallons     = 5 minutes       (25.2 gal. storage being used at a rate of 5 gpm) 
                    5 gal/minute 
 
 
On Cycle -  25.2 gallons       = 5 minutes    (25.2 gal storage being refilled at a rate of 5 gpm 
                    5 gal/minute                                   which is the 10 gpm pump rate less 5 gpm  
                                                                           being used on the system) 
 
           Total Cycle Time    = 10 minutes        (6 cycles per hour) 
 
This would be a good design, but it could be improved even further if the pump was matched 
more closely to the system.  If the livestock use of five gpm was the only load on the system, a 
pump of seven and one-half gpm would have been a better choice.  The pump cycle time with a 
7.5 gpm pump and a 120-gallon pressure tank would be as follows:   
 
Off Cycle -   25.2 gallons     = 5 minutes       (25.2 gal.  Storage being used at a rate of 5 gpm) 
                     5 gal/minute 
 
 
On Cycle -  25.2 gallons    = 10.1 minutes     (25.2 gal storage being refilled at a rate of 2.5 gpm 
                   2.5 gal/minute                                which is the 7.5 gpm pump rate less 5 gpm being 
                                                                          used on the system) 
 
           Total Cycle Time    = 15.1 minutes        (4 cycles per hour) 
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This would be a very good design; and the cost of the system could even be reduced slightly by 
using a smaller pressure tank, but the use of the 120-gallon tank would provide the longest pump 
life. 
 
7.3.8 Direct Bury Pressure Tanks 
 
Most of the companies manufacturing pressure tanks market models 
specifically designed for direct bury installations.  The typical installation 
would have the pressure tank buried in-line near the well and located below 
frost.  There are also pressure tanks available which combine a tank with a 
pitless adaptor and are made to be installed on a four- to five-inch diameter 
well casing.  The only part of the installation protruding above ground is the 
casing extension and well cap.   
 
These installations are popular with some installers.  The main advantages to 
these types of installations are that the total cost is usually less than a 
conventional system with a well house or well pit, and the plumbing is fairly 
simple with all of the components installed in the well casing or direct buried.  
The disadvantages are that any pressure tank maintenance requires digging, 
and any alteration, modification, or additions to the plumbing and controls 
located in the well casing may be difficult if not impossible to accomplish.  
Currently, there are no state statutes preventing buried pressure tanks nor are 
there any restrictions in the SDTG Standards for Pumping Plants; however, 
these installations should be given very careful consideration due to the 
maintenance disadvantages associated with these tanks. 
 
7.3.9 Surge Control 
 
Surge (water hammer) can be a serious problem in long stockwater pipelines.  Consider what 
happens when a two mile long pipeline is suddenly shut off.  The entire mass of water in the pipe 
is moving in the direction of flow.  When the water is suddenly shut off, considerable force is 
required to stop the momentum of the large water mass, similar to the force necessary to stop a 
moving freight train.  Surge occurs both on when water is suddenly shut off, and when water 
flow suddenly starts such as when a pump starts. 
 
Actual pressure build up depends on the total volume of water in the pipe, velocity at which the 
water is moving, and how fast the velocity changes.  Surge pressures can be much greater than 
operating pressure, and can even be greater than static pressure in the pipeline. 
 
In low pressure pipelines, surge is usually not a significant consideration.  The pipe and 
appurtenances have high enough safety factors to withstand minor surges.  Surge is almost 
always a factor that must be addressed in long, high pressure pipelines where water flow can be 
suddenly stopped for any reason. 
 
A frequent surge problem is encountered on pumped systems.  When the pump shuts off, the 
water starts to reverse in the line.  A check valve closes, setting up a pressure wave and cyclic 
pressure surges.  If the pump system contains an automatic pressure switch, the pump can rapidly 
cycle on and off causing damage to the pump, pipeline, and valves. 
 
Another frequent cause of surges is rapidly turning off a hydrant.  Frost free hydrants can be shut 
off very rapidly by slamming down the handle.  This is sure to cause surges in the pipeline.  . 
 
For automatic pressure systems, a pressure tank acts as a surge chamber.  The air volume in the 
pressure tank acts as a cushion for water surges as they occur.  On high pressure systems, 
utilizing a timer or probes to control pump operation rather than a pressure switch should be 
considered.  In addition, surge tank may need to be installed to control dangerous surges.  In 
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these situations, it may be necessary to install a high pressure rated diaphragm-type pressure 
tank, or a specially designed surge chamber.  These are expensive but may be needed in high 
pressure automatic systems. 
 
See Chapter 5, Pipe Design, Section 5.8.5, Surge Pressure in PVC Pipe for actual surge 
pressure calculation information. 
 
7.4 Electrical Pump Control Equipment 
 
Most pump installations require some type of mechanism to shut the pump off 
in the event the water source is inadequate to supply the needs of the pump.  
These mechanisms are referred to by terms such as “run-dry protection, low 
water shut-off, pump saver, low water probe, low flow switch,” etc., and are 
utilized as a safety measure to prevent damage to the pump or motor from 
running dry.  This can occur in wells where the water level drops below the 
pump setting, on booster pump installations where the storage reservoir is 
empty, or if a booster pump is installed in an in-line installation and the main 
pump fails to maintain adequate pressure to the booster pump inlet.  The shut-
off protection is usually incorporated with a time delay switch to prevent the 
pump from re-starting immediately and beginning rapid on/off cycling.                             (a) 
 
Electronic shut-off protection (a) is quite commonly used on submersible pumps, 
particularly on small diameter well installations.  The control is installed with the  
other electrical equipment without the need for additional wires or probes to be 
installed to monitor the water level in the well.  The electronic controller monitors 
the amperage draw of the pump and shuts the pump off if the amperage drops  
below a specific set point.  If the amperage draw of a pump approaches zero, it is an 
indication the flow volume of the pump is also approaching zero, such as would 
occur if the water level in the well dropped below the pump.  (The electrical current          (b) 
used by a pump is proportional to horsepower (TDH x gpm/3960), as the water  
level in the well drops and pump flow approaches zero, horsepower approaches zero,  
as does amperage) 
 
Electric probes (b) can be used in a variety of ways to control pump operation and 
are commonly used in reservoir applications to monitor water levels.  Probes can 
be used to prevent booster pump operation at low water levels, or can be used to 
control water levels in a reservoir by controlling pump on/off cycles.    
 
Mechanical (paddle type) flow switches (c) are installed in the plumbing at a 
threaded tee with the “paddle” extending into the flow path of the water.  The force 
of the water on the paddle is necessary for pump operation to occur.  This type of               (c) 
switch must be used in conjunction with a time delay allowing the pump to start, but  
then stopping the pump if flow is not maintained.  An important feature of this type 
of switch is that it is adjustable to trip at various flow rates, and; therefore, could have 
applications for in-line booster pump installations. 
 
Pressure switches (d) are used in all applications where pump operation is 
controlled by sensing system hydraulic pressure.  Every pressure switch has two 
operating points; one on rising pressure and one of falling pressure.  The operating 
point on rising pressure is referred to as the trip point or cut out and the operating 
point on falling pressure is referred to as the reset point or cut in.  These operating 
points are called the settings of the switch.  The differential is the difference in 
pressure between the trip point (cut-out) and the reset point (cut-in).  The 
differential can be adjustable or non-adjustable.  Pressure switches are                               (d) 
manufactured in numerous models to fit a wide range of applications.  Most  
off-the-shelf switches will be rated at operating pressures less than 80 psi with a 
standard 20 psi nonadjustable differential, or an adjustable differential of 15-30 psi.   
Other models are available with operating pressures between 60-200 psi and  
adjustable pressure differentials of 20-40 psi or 30-50 psi. 
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7.5 Pitless Adaptors 
 
A pitless adaptor is a fitting which attaches to the side of a well casing 
approximately five to six feet below ground line.  The purpose is to provide a 
connection below frost line between the submersible pump drop pipe and the 
buried pipeline, which can be easily disconnected if the pump needs to be serviced 
or replaced.  The pitless adaptor shown attaches to the casing by way of a two 
piece threaded fitting which attaches to the casing wall through a hole cut through 
the casing.  Pitless adaptors use two machined surfaces which are “wedged” 
together by the hanging weight of the submersible pump.  The surfaces are sealed 
with and integral “O” ring.  The pump hangs from the drop pipe which is threaded 
into the bottom of the adaptor and a short length of pipe five to six feet in length 
attaches to the top of the fitting and runs to the surface and terminates just under the well cap.  
When the pump needs to be pulled, it is just a matter of grabbing the exposed pipe and lifting the 
pump off the pitless wedge and pulling the pump out of the well casing.  Pitless adaptors are 
made to attach to casings in a variety of ways including welded, clamped, or compression.  On a 
system used in freezing weather, the alternative to a pitless adaptor is to terminate the well in a 
pit below frost.  The pipeline then joints to the pump drop pipe with a conventional union at the 
top of the casing and to pull the pump the union is disconnected and the pump pulled out of the 
manhole opening.  Wells terminating in a pit are not allowed according to SD State Well 
Standards for water quality reasons due to the potential for aquifer/well contamination if the pit 
floods.  
 
7.6 Well Caps and Well Seals 
 
Standard well caps (a) usually have bolts around the side of the cap that 
loosely hold the cap onto the top of the casing.  The small airspace 
between the well cap and the casing can allow for insects, small 
mammals, or surface water to enter the well. 
                                                                                                                                       (a) 
A sanitary well cap (b), sometimes referred to as a “vermin-proof” well cap, 
looks similar to a standard well cap but usually has bolts on the top of the 
well cap around the perimeter.  Most sanitary well caps include an airtight 
rubber gasket seal, compressed with the bolts, to prevent insects, small 
mammals, or surface water from entering the well and a small, screened 
vent to allow for air exchange.  South Dakota well standards require well 
casings to “be capped with a cover having a downward flange which shall 
be securely fastened to the pitless unit or casing and shall fit sufficiently 
snug to the unit or casing to be vermin proof.”  A sanitary well cap meets those         (b) 
requirements.  Well caps are the standard application for all small diameter wells 
utilizing a pitless adaptor.  
 
Sanitary well seals (c) are a compression type seal used at the top of the well 
casing manufactured in different configurations depending on the type of pump 
being used (submersible, jet, windmill).  They do not meet the state well 
standard unless used with a cap or cover having a downward flange.  Well seals 
were fairly common for wells terminating in a well pit (well standards no                   (c) 
longer allow a well terminating in a pit for water quality reasons) since on 
these installations the piping from the pump exited the top of the casing.   
Well seals are used on installations not used for winter use and may be utilized for  
windmills. 
 
7.7 Pressure Regulator Valve (PRV) 
 
Pressure regulators are used to control excessive pressures on a water system.  They are a 
standard feature in meter pits for rural water systems and are very common on water systems 
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with elevation extremes to protect pipelines from pressures in excess of the pipe pressure rating 
and to control damaging pressures at outlets to protect hydrant seals, floats, and other 
appurtenances.   
 
Regulators typically have reduced pressure settings between 25 and 75 psi.  The reduced 
pressure setting is the maximum pressure desired downstream of the valve and is adjusted by a 
screw or dial on top of the valve.  The adjusting screw regulates the tension on the spring that 
controls the downstream pressure.  High pressure and low pressure models are also available 
from most manufacturers which have optional springs installed allowing higher or lower reduced 
pressure settings.  Regulators typically come preset from the factory with a 50 psi setting.  The 
regulator shown requires the use of a pressure gauge to determine the setting; however, 
regulators are available which can be set to a specific pressure by means of a dial on top of the 
valve.  Figure 7.21 shows a cutaway view of the regular pictured.   
 
                                                                                                                  Figure 7.21 
                                                                                                Pressure Regulator Cut-away 
Regulators must be installed in a pit or 
manhole to facilitate servicing and 
adjustment.  The valve may need 
adjustment periodically or the strainer 
may need cleaning if downstream flows 
are not satisfactory.  Some regulators 
have integral strainers and others must 
have a separate strainer valve install 
immediately upstream of the regulator.   
The strainer is extremely important on 
an livestock pipeline since grass, 
debris, and gravel entering the system 
from leak repairs can get caught in the 
valve and affect operation.   
 
Sizing of regulators is determined by 
the allowable reduced pressure 
falloff.  Reduced pressure falloff represents friction loss through the valve.  If a regulator is set to 
50 psi, the pressure immediately downstream of the valve will be 50 psi only when there is no 
flow (static condition).  With increasing flow, the downstream hydraulic pressure will be less 
than 50 psi by the amount of reduced pressure falloff (the higher the flow the greater the pressure 
falloff).  Figure 7.7 represents the reduced pressure falloff for a typical standard capacity valve. 
 
The reduced pressure falloff will not be of particular concern for water systems with fairly 
moderate elevation differences, since the problem is too much pressure rather than not enough.  
On systems with large elevation differences; however, the regulator setting required to protect 
the pipe or lower outlets at static conditions, may have just marginal hydraulic pressure to supply 
the higher outlets.  In these situations, the pressure falloff must be considered.  Pressure 
regulators are fairly economical in sizes of one inch and less, but rise in price quite dramatically 
for sizes of one and one-quarter-inch and larger.  For the standard capacity valve illustrated in 
Figure 7.22, a 1” valve flowing at 15 gpm would have a pressure drop of approximately 12-13 
psi and have a hydraulic pressure immediately downstream of the valve of approximately 37 psi.  
If this is more pressure loss than can be tolerated, a high capacity model equal to a Watts 223S 
can be used which will have a pressure drop of about half the standard capacity valve and will be 
lower in cost than a 1¼” standard capacity valve.   
 
When pressure regulators are used in conjunction with other valves in a manhole or pit, 
consideration should be given to the sizing all of the other valves the same nominal size as the 
PRV.  If friction loss is of concern on the valves other than the PRV they can be placed upstream 
of the PRV.  Fittings to reduce or increase pipe sizes are not only expensive but take up very 
limited space in a manhole or pit. 
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Figure 7.22 
Pressure Regulator Reduce Pressure Drop 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
7.8 Check Valves 
 
The purpose of a check valve is to prevent backflow in a  
water system by restricting flow to one direction.  They are  
commonly used on the discharge side of pumps to prevent  
backflow and emptying of pressurized lines.  Check valves  
also used on potable water systems to prevent backflow for 
sanitary purposes. 
 
Spring loaded poppet type check valves (upper right) have a spring loaded 
valve providing some resistance to flow, but insuring instant closure when flow 
stops.  This is very important in most applications in reducing water hammer, 
particularly on pumped systems.  They also provide positive closure which is  
important in sanitary applications.  South Dakota state statutes and NRCS standards require two 
spring loaded check valves to isolate lines used for human consumption (potable water) from 
other outlets and branch lines.   
 
Swing check valves (lower right) have a swinging flap which closes against a seat by gravity.  
They offer less flow resistance and friction loss but do not close instantly with flow reduction or 
provide positive closure for sanitary purposes.  One application where swing checks are used is 
on overflow outlets for storage tanks and cisterns.   

7-39 

 



7.9 Gate Valves, Curb Stops, and Ball Valves 
 
Shut-off valves used on private water systems and small group systems are 
typically one of the styles pictured.  Generally, sizing for shut-offs can be at (1) 
least two sizes smaller than the nominal pipeline size.  Lines of one and one-
quarter inch would use three-quarter inch valves; one and one-half inch lines 
would use one inch valves; and four inch lines would use two and one-half 
inch valves.  Friction loss on these types of valves with nearly a full nominal 
flow area is negligible and using valves of equal size to the pipeline is not 
justifiable cost wise.   
 
Gate valves (1) operate via a hand wheel and rising gate.  They have (2) 
the advantage of replaceable seat components should the valve need 
maintenance.  Gate valves are not suitable for direct burial due to the 
need for periodic adjustment of the packing nut around the stem, and  
they may be more susceptible to “freeze-up” if not operated on a 
regular basis.   
 
Ball valves (2 & 3) are a one-quarter turn valve utilizing a ball secured 
between “O” (3) rings to regulate flow.  They are available in brass and 
CPVC plastic versions and provide positive shut-off, easy operation, and 
are relatively low cost.  They are commonly used in well pit plumbing and 
manholes but are not suitable for direct burial, primarily due to the type of  
handle and the construction is somewhat less “substantial” than the curb  
stop shown below (4) which is specifically made for direct burial.  
 
Curb stops (4) are so named because this is the type of valve used in city (4) 
residential areas to shut the water off at the curb.  Curb stops are a one-
quarter turn “O” ring seal valve specifically intended for direct burial.  
They are available with threaded pattern surrounding the shut-off stem to 
facilitate attaching a threaded riser pipe which would extend to the ground 
surface and provide access for the valve key.  Curb stop style valves are  
also available with a weep or drain hole in the valve body (shown).  The 
style with the drain hole is called a “stop and drain” or “stop and waste” valve and is used at 
stock tank locations.  When this type of valve is closed, the drain allows the water line 
downstream from the valve (leading to the tank and above frost line) to drain and prevent 
freezing.  Valve keys (seven feet long) which fit over the valve handle and are used to operate 
the valve can be purchased or fabricated. 
 
7.10 Flow Control Valves 
 
Flow control valves are used to restrict flow when a specific volume is not to be 
exceeded.  They consist of a metallic cylinder containing a flexible rubber disk with 
an orifice.  As pressure increases the disk flexes resulting in decreased orifice 
diameter, resulting in a somewhat constant flow even a pressure varies.  Flow  
control valves can be used on group systems to prevent a neighbor at a low elevation 
from “robbing” flow from a downstream neighbor higher in elevation.  Flow control valves can 
also be used to “throttle” a pump, for example, to limit capacity and prevent over-pumping the 
supply.  Flow control valves should never be direct buried since the small orifice is susceptible to 
plugging from grit and debris, and; therefore, may require regular maintenance.  If these valves 
are used on group systems, they should be installed immediately preceding the float valve at tank 
installations.  Installing the valve in these locations requires some degree of cooperation from 
neighbors, but is the only practical means of insuring they will not be removed and discarded 
because of owner frustration.  Flow control valves are available in a full range of flow volumes 
from less than 1 gpm up to more than 50 gpm.   
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7.11 Air-Release and Air-Vacuum Valves 
 
There are three general types of air valves commonly used on stock water pipelines: 
 
1. Air relief/vacuum relief valve (relieve vacuum and expel large volumes of air during 

filling).  
2. Air release valve (release small volumes of air under pressure). 
3. Combination air/vacuum relief, air release (combines all functions in one valve). 
 
The smallest valves available are usually adequate.  Valves are rated according to maximum 
pressure that they can operate under, as well as, by orifice size.  Only appropriate pressure rated 
valves should be used. 
 
Air trapped in a livestock watering pipeline can reduce or even completely stop the flow of water 
in the line.  This is a particularly critical problem in pipelines that operate under very low heads 
or pipelines of long lengths. 
 
Air or gas gets into a pipeline in several ways including: 
 
• When a pipeline is drained, air enters the line through hydrants or other openings. 
• There are various forms of gases in well waters.  These gases can come out of solution 

during pipeline operation.  Deep artesian wells are particularly prone to air coming out of 
solution once the water previously under high pressure in the artesian aquifer, reaches the 
surface in a pipeline system under much lower hydraulic pressure. 

• If the water level in a well or other source falls below the pump intake, air is drawn into 
the pipeline by the pump. 

• In gravity systems, air can be drawn into the pipeline when water surface falls below the 
pipeline entrance. 

• Air enters the system during operations to repair leaks, to perform other maintenance, and 
is initially present during start up of a new system. 

 
Figure 7.23 illustrates what happens when air is trapped at a high point in a pipeline.  A bubble 
is formed at the high point.  The effect is to reduce the cross-sectional area of the pipeline and 
thus restrict flow.  This has the same effect as inserting a short length of small diameter pipe in 
the pipeline.  Velocity accelerates through the smaller section of pipe and friction loss is 
increased.  Since friction loss is a function of the square of velocity, friction loss can increase 
drastically when a large bubble is present.  If the bubble is big enough or there are many of them, 
flow can be cut off completely.  In addition to the flow restriction they cause, air pockets can 
react in a way that aggravate water hammer problems.  As velocity increases, the air pocket tends 
to be pushed down the pipe in some sort of elongated bubble.  There may be several separate 
bubbles formed.  If velocities are high enough and elevation difference to the next low point is 
not too great, the bubble may be pushed through to the next high point or outlet. 
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Figure 7.23 
Air Release Valve Operation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    
 
Air locks are a frequent problem in very low flow, low pressure pipelines.  An example of this 
type of system is a spring fed installation or on other gravity flow systems fed by a reservoir.  In 
some cases, the velocity of water can be very low.  Air bubbles do not get pushed out, even if the 
summit in the line is only one pipe diameter above the rest of the line.   
 
The solution for air lock problems in low pressure pipelines can be one of the following: 
 
• Install open air vents or air-vacuum valves, at all summits in the line. 
• Install the pipe so there are no summits in the line.  Carefully lay out the pipe so it is on 

either a constantly increasing or decreasing grade. 
• Install hydrants at all summits in the line so the air can be vented manually. 
 
For very low pressure pipelines, experience indicates that minimum pipe diameter should be: 
 
• One and one-quarter-inch nominal diameter for grades over 1.0 percent. 
• One and one-half-inch nominal diameter for grades from 0.5 to 1.0 percent. 
• Two-inch nominal diameter for grades from 0.2 to 0.5 percent. 
 
The solution for air problems in high pressure pipelines can be one of the following: 
 
• Install continuous acting air valves or manual valves (frost-free hydrants) at summits to 

control the exhausting of air bubbles as air accumulates.  The valves should be installed 
at the first major summit and any additional high points along the line which would 
collect air from long sections of pipeline.  Stock tanks can also be strategically placed to 
provide air exhaust locations. 

• Install air-vacuum valves at summits, as appropriate, for lines which must be drained. 
 
There are three types of functions that air valves perform: 
 
1. When a pipeline is emptied, air must enter the line some place.  If provisions are not 

made for entry of air, a vacuum can be created in the pipeline.  This can lead to collapse 
of the pipe or at least breaking of the water column, which creates gas or water vapor 
pockets in the pipeline.  Although it is unlikely that the small diameter pipe in stockwater 
lines will collapse due to vacuum, it is a bad design practice to allow significant vacuum 
to develop in the pipeline and will likely prevent complete draining of the pipeline.  It is; 
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therefore, important to have a vacuum relief mechanism at significant high points in the 
line. 

 
            Figure 7.24 
      Air Vacuum Valve 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.24 illustrates how a typical air-vacuum valve takes care of this function.  Since there is 
no water in the valve chamber, the float drops on to a cage and allows air to enter the large 
orifice.    
 
2. When an empty pipe is filled with water, air in the line must be released in large volumes.  

This can be done by leaving the outlets open.  If the outlets are closed, air pressure will 
build up in the pipeline.  When the outlets are eventually opened, high pressure air will 
escape causing water hammer which could be a problem on high pressure systems.  Air-
vacuum valves take care of this function, as well as, vacuum relief.  Figures 7.25 and 
7.26 illustrate how a typical air valve functions.  Since water has not yet entered the valve 
chamber, the float stays down on a cage.  Large volumes of air escape through the large 
orifice.  When the pipe fills, the float floats to the top of the valve and closes the large 
orifice.  The valve then remains closed until the pipeline is again empty.  The float will 
not drop unless pressure drops to zero, since pressure keeps it jammed against the orifice.  
This is the case even if an air pocket builds up in the valve chamber during operation, 
since the air pocket which is under pressure will keep the float from dropping.   

 
          Figure 7.25           Figure 7.26 
                  Air Vacuum Valve Operation       Air Vacuum Valve Operation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. During operation of the pipeline, air bubbles and other gases come out of solution and 

build up as gas bubbles at summits in the line.  There are usually also remnants of the 
large volumes of air present immediately after filling.  If the summit is high enough, this 
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air will never push on through the line.  Gases may eventually buildup to the point where 
the flow rate is seriously reduced or flow may even stop.  It is not possible to predict how 
serious a problem this may be when designing a pipeline.   

 
Figure 7.27 illustrates how a typical air release valve works.  A heavy float and a small orifice 
allow the float to drop and open the orifice even when the system is under pressure.  So when air 
bubbles gravitate to the air chamber, and the float drops, high pressure air is expelled from the 
valve. 
 

Figure 7.27 
Air Release Valves Operation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7-44 

 



Figure 7.28 illustrates cutaway views of typical air valves used in stockwater pipelines.  
Different manufacturers have different ways of doing the same job.  Some valves are made of 
plastic.  These generally are adequate for low pressure operation.  The cast iron models are for 
high pressure operation.   
 
It is sometimes claimed that the air release (small orifice) valve will also serve the purpose as 
vacuum relief valve.  The small orifice is not adequate to prevent high vacuum from occurring if 
there is a sudden break in flow or during emptying of the pipeline.  The proper kind of valves 
should be used where they are needed. 
 
A combination (three-way) valve should be installed at all significant summits needing air 
release, vacuum relief, and large volume air exhausting.   
 

Figure 7.28 
Typical Air Release Valves 
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In SD, policy and general practice has changed over the years from requiring air release 
mechanisms at all significant summits to a practice of installing an air release mechanism at the 
first summit only and then adding additional air release as needed.  This valve at the first summit 
would catch and release most air introduced at the pump or gas coming out of solution on 
artesian wells. 
 
Most systems operate satisfactorily with the minimum of venting locations.  Air problems can 
also be lessened by strategic locating of stock tanks and hydrants which can function as manual 
air release valves.  
 
In the typical, moderate to high pressure, moderate flow systems, there are frequently many 
small undulations in the ground surface and a few large humps.  Trial and error on typical 
pipelines, in SD, has led to the conclusion that we can usually get away with not installing air 
vents or valves on these numerous summits.  So far, the risk involved in using this rule of thumb 
has proved acceptable.  The exceptions to this rule are the very low pressure gravity systems and 
the deep artesian wells containing gas.  Air release valves should not be spared on these systems, 
many of which have had additional valves added years after the initial installation due to 
continuing problems with flow.   
 
Valves for controlling air should not be added to a system without due consideration because 
they not only cost money but also can be a maintenance problem and many times are removed 
later by the operators.  However, if they are needed, it is important they be planned and installed.   
 
The size of the valve for small diameter stock water pipelines is generally not critical, but rather 
the issue is whether a valve is needed. 
 
The typical situation requiring vacuum relief valves are shallow bury lines which must be 
drained.  Small diameter pipelines (six-inch or less) may be prone to separation of the water 
column in a vacuum situation, but rarely if ever would the line be at risk of collapse, and; 
therefore, the size of the opening to the atmosphere is not important.  As long as a vacuum valve 
is installed at the high points, the line will eventually drain.  A valve with a larger opening to the 
atmosphere may drain the line somewhat faster, but without any real benefit. 
 
Air valves which exhaust large volumes of air on filling are usually not needed as long as 
outlets along the pipeline route are opened to provide locations for the air to be exhausted.  
 
Continuous acting air release valves which use small orifices to expel air bubbles which collect 
in pressurized lines increase in venting capacity with increased pressure.  The volume of air 
actually vented through the orifice continues to increase indefinitely as the pressure increases.  
Since air is compressible, the volume is expressed in cubic feet free air at atmospheric pressure.  
Figures 7.29 and 7.30 give venting capacities for various sized orifices.  The standard orifice 
size for air release valves is typically a 3/32” or 1/8” opening which will exhaust up to 20 
standard cubic feet free air per minute (SCFM) depending on orifice size and line pressure.  To 
put this in perspective, a 4” diameter line flowing full of water at 75 gpm equals a flow of 10 
cubic feet per minute.  Since only a small percentage of the total volume of flow is entrained air 
(most likely less than 2 percent for shallow wells and possibly as high as 10 percent for a 
gaseous artesian), the volume of air collecting at the high point would be approximately 1 cubic 
foot per minute, even in the worst of conditions.  This volume of air could be handled by a 3/32” 
orifice with a minimal pressure of approximately 4 psi.  Therefore, the size of the air release 
orifice for most stock water lines is irrelevant and the most important feature of the 
installation would be to install the air release valve on a tee of equivalent size to the pipeline (s x 
s x s) to provide the maximum area for collection of air and subsequent venting. 
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Figure 7.29 
Discharge of Air Through Air Release Small Orifice 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.30 
Discharge of Air Through Air Release Large Orifice 
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7.12 Frost-Free Hydrants 
 
Frost-free hydrants are suitable for use at any outlet location or tank where 
the hydrant will not be continuously open (handle up) in below freezing 
weather.  The typical application at a tank would be to attach a float valve to 
the hydrant with a short hose, and then leave the handle up (open) to 
automatically fill the tank.  This is an ideal application for spring, summer 
and fall grazing but is susceptible to freeze-up in winter applications.  For 
winter applications use a stop and drain valve and enter through the tank 
bottom.    
 
A hydrant is frost-free due to the shut-off valve being located at the base of 
the hydrant.  The handle is connected to a rod inside the hydrant which 
operates the valve at the base.  The hydrant drains completely when closed 
through a drain hole in the shut-off valve.  The hydrants should be installed 
with a gravel pack around the drain valve to insure proper functioning.  
Frost-free hydrants are available for various bury depths from one to eight 
feet and are commonly stocked in five and six feet bury models.   
 
Frost-free hydrants should not be used for potable water supplies as the 
buried stop and waste valve does not provide any protection against 
contamination.   
 
Frost-free hydrants are typically rated up to 125 psi; however, the seals 
incorporated in the hydrant shut-off may have reduced life with long-term 
operating pressures over 100 psi.  
 
7.13 Float Valves 
 
Common float valves for stock tank use are typically one of two types; either side mounted at 
water level which is typical for the float shown in Figure 7.31 when used with a frost-free 
hydrant or of a type mounted on the tank bottom and fully submerged such as is typical of the 
“toilet tank” type float shown in Figure 7.32.  These floats typically carry a rated maximum 
operating pressure of 100-125 psi.  Regardless of the stated operating pressure of these valves, 
maximum design static pressures at pipeline outlets should be kept below 100 psi (ideally 80 psi 
or less) if at all possible.  Water systems with operating pressures over 100 psi at the outlets have 
above average frequency of maintenance issues with leaking or inoperable floats and 
overflowing tanks.  
 
                        Figure 7.31                                                                         Figure 7.32 
             Side Mount Float Valve                                              Toilet Tank Type Float Valve 
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CHAPTER 8 
 

CENTRAL STORAGE AND STOCK TANKS 
 
 

8.1 Central Storage Considerations 
 
Utilizing a reservoir for central storage in a water system may be done for a variety of reasons to 
insure a reliable, uninterrupted water supply.  Central storage reservoirs are commonly used 1) to 
provide for peak demand flows which cannot be met by a low producing well or supply source; 
2) as a regulating/supply reservoir for a booster pump; and 3) as a “water tower” when placed at 
a high point in the water system that holds one or more days of water supply to insure 
dependability, as well as, various other uses.  A general discussion of considerations involved in 
planning a central storage tank is provided in Chapter 2 (Section 2.4, Central Storage). 
 
Determining the type of tank to use for a specific installation depends on factors such as 1) 
season of use; 2) storage volume required; 3) if the storage will provide potable water; 4) skills 
required for construction and ease of installation; 5) local availability; 6) susceptibility to 
vandalism; 7) projected life of installation; and 8) cost. 
 
Central storage tanks used in individual and small group systems for year round use are usually 
completely buried or installed with just the top of the tank lid exposed.  The ground heat and heat 
from incoming water normally keeps the tanks ice free.   
 
8.2 Above Ground Central Storage 
 
Installations for non-winter use can be installed above ground.  
Above ground towers and tanks are common for year round use 
for municipalities and rural water systems, however these 
systems remain functional in winter due to the latent heat from 
circulating water, insulation, agitation and even adding heated 
water.  For the typical stock water system though, an above 
ground tank for winter use is just not practical.    
 
An above ground installation 1) is subject to UV degradation, 2) 
may need anchoring if tank is lightweight and will be unstable in 
high wind when empty 3) may be susceptible to vandalism in 
some locations 4) will most likely be susceptible to more algae 
and bacterial growth due to temperature and degree of tank 
opaqueness.  
 
Among the tank types which may be considered for above 
ground installations are heavy walled polyethylene tanks and 
steel tanks.  Figure 8.1 illustrates one type of vertical 
polyethylene tank.  There can be quite significant differences 
between tank manufacturers in wall thickness, UV inhibitors,  
and overall tank quality which will significantly affect tank  
lifespan and durability.  Only the most durable of these tanks                          Figure 8.1 
should be considered for permanent use in water systems.                                PE Tank 
Steel tanks should be evaluated on wall thickness and                                 (Above Ground) 
Coating of interior and exterior surfaces, which will  
ultimately determine the tank lifespan.  Prefabricated  
tanks manufactured for above ground use are not suitable  
for burial, since the tanks are not designed to resist external  
earth loads.   
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Plumbing for these tanks should include an overflow to prevent damage from overfilling, 
adequate venting to equalize air pressure on filling and emptying, some mechanism to control 
water levels, and provisions for draining the tank.  Installations for above ground tanks should 
exclude livestock.   
 
8.3 Buried Central Storage 
 
Buried tanks are most commonly poured-in-place concrete, pre-cast concrete, fiberglass, or PE.  
Buried tanks need overflow, venting, water level control, and draining provisions.  Tile drains 
around the tank perimeter are common on most sites to prevent an empty tank from becoming 
buoyant if high ground water conditions exist.  High water table conditions are possible even on 
well drained sites should line breaks or tank leaks saturate the site.  Mounding around the tank to 
provide at least of portion of the earth cover will increase the likelihood of an outlet to the tile 
drain vs. tank installed positioned entirely in an excavation.  Manholes to provide access for the 
tanks must be sized with consideration for any equipment needed for tank maintenance or 
replacement with a minimum 20” diameter used for access used exclusively as a manway.  
Livestock exclusion is recommended for all buried tanks.   
 
8.3.1 Poured-in-Place Concrete 
 
The poured-in-place concrete tank offers the advantage of a design which can be tailored to the 
specific project needs.  Designs based on Midwest Plan Service standard plans have been used 
for most poured-in-place tanks.  These designs typically use 8” thick walls, 8 ft. interior wall 
height, interior widths of 10-12 ft. (20-24 ft. with interior center wall support) and length 
determined by volume requirements.  The concrete lid is normally left exposed without any earth 
cover.  It is important that those individuals involved with the tank construction understand no 
earth cover will be allowed over the structure (unless specifically taken into account in the 
reinforcing steel design).  Concrete tanks may be used for potable water and in potable 
applications the interior surfaces of the tank are usually sealed with a National Sanitation 
Foundation (NSF) approved product.  Also, for potable tanks, the access opening must have a 
tight sealing cover or lid which will provide a sanitary seal.  Costs for this type of tank are 
probably comparable to other tanks on a per gallon basis, as long as skilled labor is available 
locally to set the concrete forms and install steel reinforcement.  
 
Figures 8.2 and 8.3 provide site details for a typical 10,000 gallon poured-in-place concrete tank.   
 
Figures 8.4 and 8.5 provide typical reinforcing steel details. 
 
Figures 8.6 and 8.7 show details of a concrete tank with an integral well pit poured at one end to 
provide for all plumbing and equipment.   
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Figure 8.2 
Site Details 10,000-Gallon Poured-in-Place Concrete 
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Figure 8.3 
Site Details 10,000-Gallon Poured-in-Place Concrete 
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Figure 8.4 
Steel Details 10,000-Gallon Concrete Tank 
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Figure 8.5 
Steel Details 10,000-Gallon Concrete Tank 
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Figure 8.6 
Concrete Tank w/Well Pit – Plan View and Side View 
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Figure 8.7 
Well Pit Plumbing Details 
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8.3.2 Fiberglass Tanks  
 
Fiberglass tanks designed for direct burial are manufactured by a number of companies and are 
available with a variety of options depending on the specific need.  The tanks are cylindrical 
ribbed fiberglass in sizes ranging from approximately 600 gallons to 50,000 gallons.  Tanks most 
commonly used for central storage are 8-, 10-, or 12-ft. diameter with the length determined by 
storage volume required.  All of these tanks are designed to be installed using granular backfill 
which insures a uniform, controlled loading on the tank.  These tanks require either concrete 
deadmen anchors or tile drains installed below the tanks.  Models are available for both potable 
and non-potable water applications.  These tanks are strong, corrosion resistant, watertight, and 
easily installed and make excellent tanks for potable applications because of the ease of 
constructing and maintaining a sanitary installation.  
 
These tanks can be installed by 
anyone with a general 
construction knowledge.  The 
fiberglass tanks are typically not 
available locally and would 
require some lead time for special 
order and delivery.  Costs are 
comparable to other tanks on a per 
gallon basis and in 2008 the cost 
of one of these tanks delivered to 
a South Dakota distributor would 
be approximately $0.80 - $1.00 
per gallon depending on size, 
including freight. The total cost of 
the tank to would need to include 
the actual charges to install 
including delivery to site, 
excavation and granular backfill. 

 

8-11 

 



8.3.3 Pre-Cast Concrete Tanks 
 
Pre-cast concrete tanks are produced by a number  
of plants located around the state manufacturing  
concrete products, and; therefore, availability                                   Figure 8.8 
is one of the big advantages of a pre-cast tank.                         Pre-Cast Concrete Tank 
Sizes typically range from 1,200 gallons 
up to 5,000 gallons.  All tanks are 
manufactured in two halves and joined in the 
field using some type of joint seal.  Tanks less 
than 2,500 gallon can usually be unloaded and 
set in place with a contractor’s front-end 
loader, whereas, larger sizes may require a 
crane.  Wall thickness and steel reinforcement 
on these tanks is usually the minimum needed 
to support the expected loads since 
dimensions are limited by weight and 
standardization of forms and; therefore, the 
tank designs do not meet NRCS concrete 
standards based on ACI 318 code for working 
stress.  Use of these tanks may be approved 
for use in specific applications by the engineer 
with approval authority.  These tanks are 
typically not manufactured for use with 
potable water.  Costs per gallon for the  
pre-cast tanks are less than either the  
poured-in-place concrete or the fiberglass.   
Figure 8.7 details a sectional view of a  
typical 2,500 gallon tank. 
 
8.3.4 PE Tanks 
 
PE tanks, Figure 8.8, designed for use as cisterns for potable water applications (NSF approved) 
are manufactured by a number of companies.  Sizes range from approximately 600 up to 1,700 
gallons with the larger sizes being appropriate for cisterns for residential applications.  These 
tanks require granular backfill to insure a uniform, controlled loading, and a well drained site.  
Maximum cover over the top of the tank is approximately two feet.  These tanks 
are light weight, corrosion resistant, water tight, and very easy to install.  A 
variety of fittings (i.e., B) are available for installing in the tank bulkhead to 
allow for piping connections.  The tanks are available locally and are easily 
transported to the project site without the use of special equipment.    
 

Figure 8.9 
PE Tank (Buried) 
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8.4 STOCK TANKS 
 
8.4.1 General 
 
Stockwater tanks come in an almost infinite number of shapes and sizes and are made from many 
different materials.  In 2005, NRCS, in SD, implemented policy which sets minimum stock tank 
storage and perimeter requirements for cattle.  This policy is contained in Engineering Technical 
Note 2005-1, Watering Facility Design Criteria for Cattle.  The minimum tank size is a function 
of the number of cattle, the pipeline design flow, distance traveled to water, and stocking 
densities.   
 
It takes some consideration to select a stock tank that will serve its function, be cost effective and 
last for at least a reasonable length of time.  A stock tank must withstand a very hostile 
environment.  Water used by livestock is often corrosive; ice and frost heave tend to damage the 
tank and foundations; animals step in tanks and rub up against them; people shoot at them; and 
animals tromp away the soil around a tank.  All of these factors working together can make a 
tank short lived if proper precautions are not taken.  The NRCS suggested lifespan for the 
Conservation Practice Standard (CPS) Trough or Tank (614) is 10 years, although quality tank 
installations, properly maintained, will last 30 years or more.  
 
8.4.2 Tank Materials 
 
The type of tank should be chosen not only for economic reasons, but for durability and 
functionality.   
 
Used heavy equipment tires have become very popular in recent years and should continue to 
be popular as long as the tires are available in adequate supply.  Condition of the used tire does 
usually not detract from the lifespan or proper functioning of the tank except in rare 
circumstances where the tire casing is completely worn out and extremely thin walled and prone 
to leaks.  These tanks offer the advantage of being extremely durable and almost indestructible.  
The tanks will not be harmed by freezing of the tank (tank plumbing may be vulnerable 
depending on configuration) and do not require a granular fill or concrete base.  The tanks are 
structurally stiff enough that a well leveled earthen base is adequate; however, if the tank is not 
set on concrete, then a regular maintenance item will be replacing earth fill around the perimeter.  
These tanks are prone to leaking from the bead area at the center of the tire if not properly 
installed.  They must be drained in the fall to drop the water level below any plumbing install in 
through the tank bottom at the center bead.  Sizes typically range from 8-12 ft., although a supply 
of the larger sizes can be hard to find.  Figure 8.10 shows a plan detail for a tire tank and Figure 
8.11 is a photo of an installed tire tank. 
 
Fiberglass tanks are very resistant to deterioration by corrosion or chemical attack.  They are 
readily available, light weight, and easy to install.  A disadvantage is that fiberglass tanks can be 
susceptible to mechanical damage.  The tank bottom can be damaged if large animals get into the 
tank and the subgrade beneath the tank does not provide adequate support.  Also, the light weight 
tank can be shoved around or even moved by wind if not secured or anchored.  The extremely 
smooth surface can also be difficult for any animal getting into the tank to get out.  For these 
reasons, fiberglass tanks are usually installed with a two or three post arrangement joined by 
structural lumber which not only secures the tank but can prevent livestock entry.  Fiberglass 
tanks should be installed on a granular fill or concrete base.   
 
Thickness of fiberglass will determine how resistant the tank is to mechanical damage.  It is 
possible to repair damaged fiberglass, which is one advantage of using this material. 
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Tank size is limited to what can be transported to the site.  Sometimes this limitation is overcome 
by combining tanks built-up from two or more component parts.  Sizes of 8-12 ft. are common in 
round styles and sizes up to 8ft. x 21ft. are available in rectangular or oblong shapes.  Several 
tanks can also be put together in series to get the total gallons required.   
 

Figure 8.10 
Used Heavy Equipment Tire Plan Detail 

 

 
Figure 8.11 

Used Heavy Equipment Tire Installation 
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Galvanized steel tanks are generally of two kinds:  (1) those assembled at the site from standard 
heavy gauge corrugated steel segments; and, (2) prefabricated light weight manufactured tanks 
of smooth light weight galvanized steel.   
 
Stock tanks made from corrugated steel segments form large diameter stock tanks made up of 
curved corrugated galvanized steel sheets which are bolted together.  These are commonly called 
bottomless tanks.  Mastic is used in the joints.  The steel and galvanizing are usually heavy.  The 
bottom of the tank can be made of reinforced concrete or a heavy plastic liner underlain with 
bentonite clay.  The concrete bottom is the most durable, most desirable, and longest lasting 
tank, but also the most expensive.  Properly installed and cared for, a corrugated steel tank with a 
concrete bottom will last 25 years or more.  The real advantage to these tanks is the large 
diameters available, which can provide a large storage volume and extensive drinking perimeter 
with the capability to provide multiple days of storage for large herds.  Sizes are available up to 
39 ft. diameter or more in corrugated sheets of 25½” typically used for concrete bottoms or 33¾” 
heights typically used with flexible membrane bottoms.  Storage volume will vary depending on 
the type of bottom and embedment used but the larger sizes will hold 17,000 gallons or more. 
 
Manufactured steel stock tanks are typically smaller diameters made of light gauge steel with a 
minimum of galvanizing.  The thickness of steel and galvanizing vary widely in manufactured 
steel tanks.  In SD, these tanks are not considered suitable for a permanent installation due to the 
relatively short lifespan expected from the lightweight steel.  The corrosive nature of the heavy 
clay soils and/or artesian waters provides a very harsh environment for these tanks.  Also, the 
structural stability of the tank’s walls may be lacking on the larger diameter tanks and be subject 
to being pushed in by the cattle.  The manufactured steel tanks are primarily used as a portable or 
temporary tank. 
 

Figure 8.12 
Steel Rim Tank With Concrete Bottom (with calf creep tank) 
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Concrete tanks, when properly constructed, can provide an extremely durable tank.  
 
Pre-cast concrete tanks are typically relatively small thin walled tanks manufactured by plants 
specializing in septic tanks and other concrete products.  Sizes are limited by total weight and the 
capability of nonspecialized equipment to handle and transport.   
 
Cast-in-place concrete tanks have been rarely used since the 1950’s except for projects such as 
frost-free winter tanks utilizing earth cover for insulation.   
 
The two environmental factors that can rapidly deteriorate concrete are freeze-thaw action and 
deterioration of the concrete from sulfates in the soil or water.  Stock tanks are in an ideal 
environment for damage due to freezing and thawing.  Pores in the concrete fill with water, 
freeze, and as a result, the concrete will spall.  High sulfate concentrations are present in water 
from some of the artesian aquifers, in SD, and the sulfates of sodium, magnesium, and calcium 
(salts known as white alkali) are frequently encountered in soils and ground water of western SD.  
There are practical things that should be done to make quality concrete that will resist these 
elements: 
 
1. Use a low water cement ratio.  Use the minimum amount of water in the concrete that is 

possible consistent with being able to place the concrete.  Use a minimum of six bags of 
cement per cubic yard of concrete.  This will produce a concrete less porous to water. 

2. Use Type II cement which is sulfate resistant or use Type V in the most severe 
environments subject to sulfate attack. 

3. Place the concrete within one and one-half hours after adding water to the cement.  This 
is sometimes a challenge when using ready mix concrete at remote sites.  If travel time 
between batch plant and the site is a problem, add the cement and water at the site.  
Adding water to make concrete more workable is a leading cause of poor concrete due to 
a higher water/cement ratio which results in lower compressive strengths and more 
shrinkage cracks.   

4.  Use air entrained concrete with air content within NRCS specification range.  Air 
entrainment can be obtained by using cement with built-in air entrainment additives, or 
by adding admixtures at the concrete batch plant.  Cement with air additives built-in is 
cement type IIA.  The entrained air will create small air bubbles in the concrete which 
improve durability. 

 
Foundation frost heave can also be a problem, particularly if the foundation is wet when the 
ground freezes.  The solution is to build the tank so there will be good drainage away from the 
tank, provide proper overflow drains for the tanks, and provide a well drained granular base 
material under the tank. 
 
These tanks all require some skill to construct.  If multiple copies of the same tank are to be 
constructed, costs can be reduced and quality increased by constructing reusable concrete forms. 
 
PE tanks are being manufactured in various configurations by a number of companies.  They are 
very light weight, tough, corrosion resistant, and fairly economical.  These tanks are structurally 
very flexible and require a uniform base fully supporting the entire tank, as the tank will easily 
conform to any minor irregularities once filled with water.  As with the manufactured galvanized 
steel tanks, PE tanks are considered primarily for use as portable or temporary tanks.   
 
8.4.3 Design Considerations 
 
Tanks are installed in an almost infinite range of configurations depending on the type of tank, 
the watering needs, season of use, and the ingenuity of the operator.  Determining what is 
acceptable for a specific installation is a function of satisfying the following requirements:  
 
• Tank foundation and subgrade – the alternatives for the type of base used beneath a 

tank are typically of three types:  undisturbed earth, gravel or crushed rock, or concrete.  
Tire tanks may be set directly on leveled, undisturbed earth, and any of the other tank 
materials require a prepared base of granular fill or concrete.  Concrete provides the most 
permanent, structurally sound base but is also the most expensive.  
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• Tank apron – the apron area, which would generally be the area around the tank 
perimeter extending out eight ft. or more, requires regular maintenance unless concrete is 
used.  Aprons of gravel or compacted earth may be acceptable, depending on the type of 
tank, but will be continually worked away by the constant hoof action of the cattle and 
will require regular maintenance.  For tanks set on concrete, the base is usually extended 
a minimum of two ft. beyond the tank to provide enough concrete for the front feet of the 
livestock, and ideally would extend eight ft. beyond the tank perimeter.  If the apron area 
is not maintained to provide positive drainage away from the tank, standing water and 
hoof action quickly deteriorate the apron conditions. 

 
• Protection and anchoring – the protection and anchoring requirements for  stock tanks 

depend on 1) susceptibility of the tank to movement or shifting from livestock or wind if 
empty; 2) need to prevent livestock getting into tank and damaging tank bottom; and 3) 
the need to protect the tank plumbing.  The individual responsible for determining the 
requirements of a specific installation needs only to satisfy the above conditions to decide 
if a tank meets NRCS specifications. 

 
 Lightweight tanks requiring anchoring, such as fiberglass, typically use a two-post or 

three-post arrangement connected by dimension lumber for anchoring as well as for 
protecting the tank plumbing.  If the tank is set on a concrete base, the bottom should not 
be damaged by cattle getting into the tank and a two-post anchor arrangement would be 
adequate.  For lightweight tanks set on a gravel base, cattle entry should be prevented 
using a three-post arrangement which can also be configured to protect the float and any 
plumbing.  Bottomless tanks using flexible membrane liners should have protection to 
keep livestock out of the tank particularly if the operator intends to mound up earth fill 
against to tank side to make the tank more accessible for calves.  

 
 Tanks structurally strong enough to be unaffected by entry of livestock such as tire tanks, 

concrete tanks, and steel rim tanks with concrete bottoms need only protection adequate 
to protect the plumbing, including the float, drain, and stop and drain valve or hydrant.  
Plumbing protection can be provided using numerous methods including posts and 
lumber, two ft. sections of concrete casing or large diameter PE pipe with covers or 
welded steel.   

 
• Seasonal maintenance – tank overflows are required when there is no control such as a 

float on the inlet.  They are also highly recommended even when a float valve is used.  
Float valves occasionally do not close properly and an overflow is insurance against 
damage caused by the tank running over.  A combination overflow and drain is usually 
incorporated into the tank bottom if either an overflow or drain is needed by way of 
installing a PVC coupling flush with the bottom of the tank.  A length of two- or three-
inch diameter PVC is inserted into the coupling to control the water level for the 
overflow, and the PVC pipe is simply pulled out of the coupling if the tank needs to be 
drained.  The purpose of an overflow is to carry excess water away from the tank an 
adequate distance so water does not make a bog around the tank.  The overflow drain 
needs to extend at a minimum the distance needed to “daylight” the outlet and far enough 
to be away from the area the cattle are concentrating to a suitable outlet.  Prefabricated 
tanks such as fiberglass or pre-cast concrete typically utilize a drain plug in the tank side 
draining directly onto the tank apron.  Tanks which are not installed with any provisions 
for draining (i.e., other than a siphon hose), typically do not get drained.  Many of these 
tanks are left to freeze solid over winter regardless of the stated intentions of the operator.  

 
• Winter use – tanks used for winter use are of three distinct types: commercially 

manufactured specifically for winter use, conventional summer tanks modified for winter 
use, or tanks constructed on-site specifically for winter use.  All of these tank share 
common characteristics which lend the tank to being “frost-free.”  The typical tank used 
for winter grazing is located at a remote site without electricity.  The capability of the 
tank to remain frost-free is due to a combination of insulation, limiting the size of the 
drinking area, isolating the interior of the tank from exposure to the elements, and regular 
recharge of relatively warm water.  
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 The type of insulation varies depending on the style of tank but is usually styrofoam, 
earth, or a combination of the two.  

 
 Commercial tanks usually have minimal drinking access for one or two head and the 

drinking area uses a lid over the drinker that must be depressed by the livestock.  
Conventional summer tanks which are modified for winter use and tanks constructed 
onsite specifically for winter use typically provide drinking access for two to four 
animals and utilize a baffle around the perimeter of the drinking areas which extends 
below the water level to isolate the interior of the tank form the outside air.   

 
 All nonelectric winter tanks rely on a regular recharge of water to maintain their frost-

free condition.  The temperature of the ground at the 5-6 foot level maintains a constant 
50-550 temperature year round which is approximately the temperature of incoming 
water from most pipelines.  Incoming water even at 500 contains enough latent heat to 
maintain an insulated tank in a frost-free condition provided enough animals are using the 
tank.  The number of head required will vary depending on the installation and the air 
temperature, but 75 head of cattle will drink enough during the winter to recharge 1,000 
gallons each 24 hrs. which should keep most installations relatively ice free.   

 
Figures 8.13 and 8.14 show a cast-in-place concrete “frost-free” tank which utilizes a 
minimum of 3 ft. earth cover over 2” of styrofoam for insulation over the rear portion of 
the tank.  The tank shown in the photo has been in service since 1982 and is still in nearly 
an as-constructed condition.  A redwood baffle attached to the headwall extends below 
the water surface in the drinking space to isolate the interior of the tank from the outside 
air.  The float is attached to the baffle for easy maintenance and service.  Tanks such as 
this will maintain a frost-free condition down to zero or below, and subzero temps will 
form only a thin ice layer as long as cattle are using the tank.  The tank shown has an 
interior dimension of 6’ x 19’ holding 1,450 gallons and would serve up to 300 head with 
as little as 2.5 gpm supply flow.  
 
Fabricated tanks should provide at least 1 drinking space for each 100 hd. of cattle and 2 
gpm per drinking space unless a combination of storage and flow is used to meet the 
daily water needs. 
 

Figure 8.13 
Cast-In-Place Concrete Frost-Free Tank (Schematic) 
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Figure 8.14 
Cast-In-Place Concrete Frost-Free Tank (Installation) 

 
 
 
 
 
 
 
 
 
 
 
 

8-19 

 



 

 

This page left blank intentionally. 
 
 



CHAPTER 9 
 

DESIGN EXAMPLES AND CALCULATIONS 
(Pumped Artesian Well) 

 
TABLE OF CONTENTS 

 
 

 
Part 9.0 General       9.3 
 
Part 9.1 Initial Planning Information     9-3 
 
Part 9.2 Pipeline Stationing and Elevation Data   9-7 
 
Part 9.3 Sizing and Hydraulic Calculations    9-9 
 
Part 9.4 Design of Pipeline Appurtenances    9-16 
 
Part 9.5 Construction Plans and Specifications   9-19 
 

FIGURES 
 
Figure 9.1 Plan View Labeling (Labeling too Complex)   9.4 
Figure 9.2 Plan View Labeling (Recommended Labeling Format) 9-4  
Figure 9.3 Station and Elevation Data     9-7 
Figure 9.4 Station and Elevation Data     9-8 
Figure 9.5 Pipeline Design Calculations (Sheets 1 and 2)  9-10 
Figure 9.6 Pipeline Design Calculations     9-11 
Figure 9.7 Pipeline Design Calculations     9-12 
Figure 9.8 Pipeline Design Calculations     9-13 
Figure 9.9 Pipeline Design Calculations     9-14 
Figure 9.10 Pipeline Design Calculations     9-14 
Figure 9.10A Static Head Elevation and Hydraulic Grade Line Plot 9-15 
Figure 9.11 Pump Specification Calculations    9-16 
Figure 9.12 Pump Curve       9-17 
Figure 9.13 Construction Plans Sheet 1     9-20 
Figure 9.14 Construction Plans Sheet 2     9-21 
Figure 9.15 Construction Plans Sheet 3 (Plan View)   9-22 
Figure 9.16 Construction Plans Sheet 4 (Well Pit)   9-23 
Figure 9.17 Construction Plans Sheet 5 (Pipeline Appurtenances) 9-24 
 

9-1 

 



This page left blank intentionally. 

9-2 

 



CHAPTER 9 
 

DESIGN EXAMPLES AND CALCULATIONS 
Example 1 

 
9.0 General 
 
The example illustrated in this chapter show the steps necessary to complete a stock water 
pipeline system from the initial planning, through design, preparation of construction plans and 
specifications, and construction checkout.  Systems of differing levels of complexity, whether 
simpler or more complex, will follow the same basic procedure.  The example goes into fairly 
indepth evaluations of the various reasons for the decisions made and components selected.   
 
1. Gather information from operator during initial planning and subsequent follow-up 

visits specific to installing the water system. 
2. Finalize pipeline route and gather pipeline stationing and elevation data for use in 

hydraulic calculations 
3. Design the pipeline including sizing and hydraulic calculations 
4. Design pipeline appurtenances 
5. Label Plan View with appropriate details 
6. Complete Construction Plans including Table of Quantities 
7. Complete Construction Check 
 
9.1 Initial Planning Information  
 
Two ranches sharing a water system using an ECP pooling agreement in the western part of the 
state: 
 
Ranch A – new well, 2,610 feet deep  
- 7-inch casing to 500 feet level 
- 900F water temperature 
- Static water level at 100 feet (below surface) 
- Drawdown estimated at 170 feet @ 30 gpm pumping rate 
- House at headquarters will be served by the system (existing cistern and booster), up to 
 100 head of livestock maximum around farmstead. 
- 150 cow/calf pairs, summer use 
 
Ranch B – house at headquarters will be served by the system (without cistern and booster) - 350 
cow/calf pairs, summer use: 
 
1. The field copy of the digital ortho/topo map was used for the initial planning with the two 

operators.  
 
2. Once the proposed hydrant and tank locations were identified, the proposed route was 

then drawn connecting the well with the headquarter locations and outlets. 
 
3. This map was then used at the start of the design process to label each line and determine 

the design capacity for each line segment.  There is no set format for labeling lines but 
usually one or more lines are considered “main” lines serving smaller lateral lines which 
branch off the main.  These main lines usually run from the water source to the furthest 
extremities of the project.  Smaller lateral lines which branch off the main are 
subsequently designated a label, also extending the furthest extremity of the project.  This 
method results in the least amount of lines and the simplest set of hydraulic calculations 
and documentation.  An example of the preferred labeling is illustrated in the following 
Figures 9.1 and 9.2. 

 

9-3 

 



                           Figure 9.1                                                                           Figure 9.2 
                Plan View Labeling                                                           Plan View Labeling 
               (Labeling too Complex)                                         (Recommended Labeling Format) 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The actual labeling system could be of one of the following formats.  On the larger group 
systems, a labeling system which uses some approximation of the compass directions has the 
advantage of the lines general location identified simply by the designated label. 
 
Mainline 
   Line A,                  B,                 C 
      Line A1, A2         Line B1 
 
Mainline 
   Line 1,                  2,                    3 
      Line 1a, 1b          Line 2a, 2b 
 
Line N,                     Line S,                              Line E 
   Line NE,                   Line SW, Line SE                Line E1,              
       NE1, NE2               SW1, SW2,                            E2, E3, E4, E5 
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Planning Map – Field Copy 
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3.  (Continued) 
 
 The process for determining the design capacity usually starts at the most distant end of 

the main lines.  The design capacity for the outlet at the end of the line is determined, and 
then working toward the water source, as each outlet or lateral junction is passed, the 
capacity is increased accordingly.   The design capacity for the example was determined 
as follows: 

 
• Starting at the south end of the Main, this outlet serves a summer grazing herd of 

350 cow/calf pair in the western part of the state – the minimum design flow is 
considered to be 2 gpm/ 100 hd cows = 7 gpm. 

• Line C – the total herd for Ranch A is 350 head and is moved from pasture to 
pasture or could be split in multiple pastures.  Design flow line C = 7 gpm. 

• Main between line C and Line B – the total livestock served by the main and line 
C are totaled.  In this example, there is no increase in flow after passing line C, 
design flow = 7 gpm. 

• Line B – this line serves a single house with no livestock needs.  Line B is 
plumbed directly into the house without using a cistern and booster.  Design flow 
= 10 gpm. 

• Main between line B and first outlet on Ranch A – Design flow = 17 gpm  This 
volume provides the full design flow to the livestock, even while the 10 gpm 
design flow is being used at the house.  If the water source did not have adequate 
capacity to supply 17 gpm, then the line would be designed for the maximum 
volume available.  If the livestock outlets were drawing a full 7 gpm at the same 
time as the house demand was 10 gpm, then operating pressure and flow would be 
reduced on one or both lines until the demand was reduced.  Those outlets lowest 
in elevation or with the highest operating pressure would be least affected.  One 
alternative would be to install a cistern at the house to supply a booster pump, or 
install an in-line booster at the house to insure the house always has adequate 
pressure and flow (while temporarily robbing from the livestock outlets).  If the 
livestock tanks are adequately sized, the temporary loss of flow for a couple hours 
each day will not short the livestock of water. 

• Main downstream of Line A – An additional 2 gpm is added for the 100 hd. 
served on Ranch A.  Design flow = 19 gpm 

• Line A serves 50 hd. and the minimum flow at 2 gpm/ 100 hd. would be 1 gpm.  
The practical minimum design flow for any line should probably not be less than 
4 gpm, regardless of livestock numbers served, unless there are other extenuating 
circumstances.  Design flow for Lines A and A1 = 4 gpm 

• Main between well and Line A – Total of 500 livestock (10 gpm) and 1 house (10 
gpm) = Design Flow 20 gpm.  The 10 gpm demand required at the house actually 
provides additional capacity available for the stock water outlets during the 
balance of the day when water is not being used in the house. 

• Line D – The house at the headquarters has a cistern and the 360 gpd design 
volume could be supplied easily with 1 gpm flow (1,440 gpd).  An additional nine 
gpm is provided to supply the livestock at the headquarters and other incidental 
uses around the buildings.  Design flow = 10 gpm 
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9.2 Pipeline Stationing and Elevation Data 
 
The station and elevation data necessary for the hydraulic calculations is obtained from the route 
as drawn on a USGS topographic map.  There may be situations (i.e., low pressure gravity 
systems) when information from a field survey is required for the design, but these are rare other 
than with systems supplied by spring developments.  The use of ArcMap allows the topo map to 
be transposed over the aerial photo image and the stationing obtained with the measuring tool; 
however, hard copies of the USGS topog can be used.  Station and elevation data are obtained at 
all water sources, outlets, lateral line tees, and most summits and low points along the line.  Data 
may be needed at intermediate points between summits and low points on long segments.  The 
station and elevation data for the example are as follows on Figures 9.3 and 9.4 
 

Figure 9.3 
Station and Elevation Data 
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Figure 9.4 
Station and Elevation Data 
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9.3 Sizing and Hydraulic Calculations 
 
The design procedure currently used, in SD, for pipelines utilizes an Excel spreadsheet (Class II 
Pipeline Design and Job Forms) which can be downloaded from the SD NRCS Web site 
http://www.sd.nrcs.usda.gov/technical/Engineering_Tools.html.  
 
The spreadsheet includes a sheet giving instructions for the hydraulics.  The following steps were 
used to develop the design example: 
 
1. The stations and elevations along the pipeline route (part 9.2) are entered in the 

spreadsheet along with the design flows and the water temperature.  Use of the 
appurtenance column helps to identify locations along the route (see Figure 9.5). 

 
2. The static and hydraulic pressures are also entered.  There is no existing pressure tank; 

however, a pressure switch is planned for use in controlling the pump.  The starting 
pressures will be by trial and error and then after examining the results, will be changed 
as needed.  The well is one of the highest points on the system, and; therefore, a 
minimum of pressure is needed at the well.  A starting point of 20/50 psi for pressure 
setting is used.  The 20 psi will be the hydraulic pressure at the lowest part of the 
operating range, at the point where the pump starts.  The 50 psi will be the maximum 
pressure at the well site, at the point when the pump shuts off.  A 30 psi pressure 
differential was selected to increase the pressure tank efficiency and keep the pressure 
tank size to a minimum.  

 
3. The pipe sizes and pressure ratings (SDR no.) are now selected and entered.  This is also 

a trial and error procedure for the larger lines.  Usually the lines with low design capacity 
are sized based on the practical minimum pipe size of 1¼” or 1½”.  Two inch pipe works 
satisfactorily for this example down to line B, even though the friction loss is somewhat 
on the high side (.6 ft./100 ft.), because the line is dropping in elevation and hydraulic 
pressures are adequate.  If the mainline were rising in elevation, a 2½” pipe would most 
likely have been used (Hf = .24 ft./100 ft.).  SDR 21 200 psi pipe was used for this 
example even though SDR 26 160 psi pipe would be adequate for those portions of the 
line with less that 115 psi static pressure.  The heavier walled 200 psi pipe is generally 
considered by many contractors, cooperators, and designers to be the minimum standard 
which should be used in a water system due to the heavier wall having greater durability 
and fewer long term problems.  

 
4. Once the spreadsheet is populated with the initial data, the hydraulic and static pressures 

are reviewed.  The hydraulic pressures (Figure 9.5) are all acceptable (no warning 
messages or negative pressures).  The static pressures are below the maximum allowed 
for SDR 21 pipe; however, the pressures at all of the outlets from station 61+45 to the 
end of the line at 205+25 are in excess of 80 psi (88 – 137 psi).  Any pressures over 80 
psi should be scrutinized for acceptability, since seals on frost-free hydrants and many 
floats not specifically manufactured for high pressure installations can have operating 
problems at high pressures.  The designer should consider protecting all outlets with 
static pressures over 100 psi.  A pressure regulator installed just upstream of the tee to the 
tank at station 61+50 will reduce the static pressure to acceptable levels for all of the 
downstream outlets.  The pipeline stationing includes stations 61+45 and 61+48 which 
were added to the profile after it was evident a pressure regulator would be needed.  
Station 61+48 defines in the calculations that the regulator is to be installed upstream of 
the tank location and Station 61+45 allows the regulator inlet pressure to be defined in 
the hydraulic calculations.  This information is helpful when reviewing with others the 
need for the valve.  Adding these stations to the spreadsheet requires re-entry of the 
stations downstream of the valve.   
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Figure 9.5 (Sheets 1 & 2) 
Pipeline Design Calculations 
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Figure 9.6 
Pipeline Design Calculations 
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5. After the stations are added for the pressure regulator, the box is checked activating the 
pressure regulator at station 61+48.  All of the static pressures are now within acceptable 
limits.  The hydraulic pressures were also reduced slightly since the pressure regulator 
setting of 30 psi is below the 42 psi hydraulic pressure at the inlet at station 61+45.  All 
of the hydraulic pressures are adequate. 

 
6. Note that the water temperature is no longer reducing the maximum allowable pressure 

for the pipe after station 84+50 when the temperature cools to 730.   
 
7. The lateral lines are usually designed simultaneously with the mainline.  As changes are 

made to the main line, such as determining what pressure setting to use on the regulator, 
the effect of these changes is also reviewed for the lateral lines to determine if the 
changes will work for all locations.  The mainline hydraulic and static pressures at each 
location where a lateral tees off the main become the starting pressures for station 0+00 
of each respective lateral line.  Pipe size used on line A for the 4 gpm design flow is 1¼” 
which is considered the minimum line size typically used in SD (Figure 9.7).    

 
Figure 9.7 

Pipeline Design Calculations 
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8. A pressure regulator set at 50 psi was used at the house on Line B (Figure 9.8).  The 
static pressure of 80 psi is generally considered excessive at a residential location, 
particularly for older plumbing and appliances. 

 
Figure 9.8 

Pipeline Design Calculations 
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9. Lines C, D, and A1 have acceptable static and hydraulic pressures (Figures 9.9 & 9.10).   
 

Figure 9.9 
Pipeline Design Calculations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                  
 

Figure 9.10 
Pipeline Design Calculations 
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10. A plot of the Static Head Elevations and Hydraulic Grade Lines is shown for the main 
line in this illustration.  This is a graphical representation of the hydraulic 
calculations in Figure 9.6 and allows the designer to visually seen the relationship 
between the line pressures and the ground elevation along the pipeline.   

 
Figure 9.10A 

State Head Elevation and Hydraulic Grade Line Plot 
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9.4 Design Pipeline Appurtenances 
 
1. Calculations for the submersible pump design are shown in Figure 9.11.  A design pump 

capacity of 30 gpm will provide enough capacity to meet the design capacity for the 
mainline and line D.  The pump does not need to be over-sized, since the 10 gpm volume 
provided for the house on Line B and the headquarters on Line C are intermittent flows.  
Therefore, the livestock will have a 30 gpm flow available during the majority of the day 
which is more than adequate. 

 
2. The specifications for the pump selected are given in Figure 9.11 and the pump curve is 

provided in Figure 9.12.  Manufacturer’s pump curves should be used to insure a pump is 
commercially available which will meet the flow requirements specified, and that the 
electrical requirements match what is available at the site.   

 
 The mid-range of the 20/50 psi operating cycle (450 ft. TDH) falls in the most efficient 

part of the efficiency curve at a pumping rate of 30 gpm.  This is the very desirable.  The 
operating characteristics for a pump fall exactly on the curve and flows vary with 
variations in TDH. At pump kick-on the flow will be 32.5 gpm and at kick-off the flow 
the flow will be 26.5 gpm.  

 
3. Flow inducer sleeves may be needed for water temperatures over 860 F or on systems 

where a submersible pump is installed in a casing or reservoir of larger Figure 9.11 
diameter than the nominal pump diameter.  Refer to Appendix C. 

 
Figure 9.11 

Pump Specification Calculations 
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Figure 9.12 
Pump Curve 
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4. The pressure tank sizing can be done manually using the average daily use and the 
methods in Part 7.3.6, or the appropriate cells can be populated on Job Plan 12.1 and the 
pressure tank size is calculated by the spreadsheet.  The spreadsheet requires livestock 
numbers which it then uses to calculate an average daily use based on a 16 hr. day and 
average daily water use for the livestock of 20 gallons per animal.  For this example, in 
addition to the 500 hd. of livestock, two houses are involved.  To account for the houses, 
the 360 gallons per day used per house is converted to an equivalent number of livestock 
(720 gal./20 = 36 livestock) which, as a rule of thumb, would equal about 20 livestock 
per house.  For this example, the 540 hd. are entered, along with the pressure switch 
setting (20/50) and the pump rate (30 gpm) giving a pressure tank size of 167 gallons.  
Two pressure tanks of approximately 80 gallons each should be specified.  (A pressure 
switch setting with only a pressure differential of 20 psi. would have required 212 gallons 
of capacity.) 
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5. Pressure Regulators can be specified as ¾” or 1” size for flows in the 10-15 gpm range 
as long as hydraulic pressure downstream is at least 20 psi or more.  Regulators of three-
quarter-inch and one-inch are priced nearly equal; however, as the size is increased above 
1” the cost of the valve rise significantly.  With flows above 15 gpm or with hydraulic 
pressures less than approximately 20 psi, capacity charts should be checked to determine 
the size of valve needed.  On this system, a ¾” or 1” valve is adequate for the house on 
line B; however, manufacturer capacity charts (Web site) were checked for the regulator 
on the main line at station 61+48 with a flow of 19 gpm.  The reduced pressure falloff for 
a 1” standard capacity Watts U5 at 19 gpm is approximately 9.5 psi and for the high 
capacity Watts 223 is 6.8 psi.  The 1” 223 was chosen to provide at least 15 psi at the end 
of the line at the design flow.  Also, when there is no demand at the Ranch B house, the 
high capacity valve will permit larger flow volumes to the end of the main line. 

 
6. Check valves, curb stops, and ball valves are typically sized two sizes smaller than the 

pipeline the valve is installed on.  This system used all 1” valves which would be 
adequate for the 1¼”, and 1½” lines but will work on the 2” line as well (head loss at 20 
gpm on the 1” size is acceptable).   

 
7. A two-inch continuous acting air vent and vacuum relief valve (equal to Waterman CRP-

8) was chosen to provide additional venting capacity over the one inch size due to the 
expected potential for gas accumulation at the high point (well pit).    

 
9.5 Construction Plans and Specifications 
 
Construction plans were developed using the “Class II Pipeline Design and Job Forms” which 
were also used in Section 9.3 for the hydraulic calculations 
(http://www.sd.nrcs.usda.gov/technical/Engineering_Tools.html). 
 
These forms are titled as “Class II” which refers the Engineering Job Approval, Job Class II, but 
the forms can work well with minor modifications, even for some pipelines up to Job Class IV.   
 
Modifications which may be necessary for the larger systems include adding a separate sheet just 
for the plan view (Figure 9.15) rather than using the standard block (used as location map in 
Figure 9.13), and adding additional Table of Quantities and Appurtenance tables (Figure 9.14). 
 
A plan view is one of the most important details on a set of construction plans.  With an adequate 
amount of detail and labeling, the plan view can convey the intent of the designer on many of the 
major details of the system in a way which can be easily understood. 
 
Job Plan 22 Well Pit (Figure 9.16) can be used to provide additional details for the pumping 
plant, pump, well pit, and well pit plumbing.  
 
The appurtenance details (Figure 9.17) can be easily tailored to the project by crossing out the 
details which do not apply and marking those details which are part of the design. 
 
Any review of construction plans with the operators should include a discussion of route changes 
and the effect it may have on system pressures.  A specific route may be critical on many 
systems which have low operating (hydraulic pressures) at the outlets or at summits along the 
route.  If subsequent route changes result in an increase in elevation, the change may result in the 
line not functioning properly.  The operator needs to be aware of these limitations if they exist. 
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Figure 9.13 
Construction Plans Sheet 1 
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Figure 9.14 
Construction Plans Sheet 2 
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Figure 9.15 
Construction Plans Sheet 3 (Plan View) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9-22 

 



Figure 9.16 Figure 9.16 
Construction Plans Sheet 4 (Well Pit) Construction Plans Sheet 4 (Well Pit) 

 

9-23 

 



Figure 9.17 
Construction Plans Sheet 5 (Pipeline Appurtenances) 
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CHAPTER 10 
 

DESIGN EXAMPLES AND CALCULATIONS 
Example 2 

 
10.0 General 
 
The example illustrated in this chapter shows the steps necessary to complete a stock water 
pipeline system from the initial planning, through design, preparation of construction plans and 
specifications, and construction checkout for a system connecting to an existing rural water 
system.  This system has a fairly low level of complexity.  The same basic procedure outlined in 
Chapter 9 will be followed with less emphasis given to indepth explanation of procedures.  For a 
more detailed review of procedures for labeling, stationing, etc., see Chapter 9, Example 1. 
 
1. Gather information from operator during initial planning and subsequent follow-up 

visits specific to installing the water system. 
2. Finalize pipeline route and gather pipeline stationing and elevation data for use in 

hydraulic calculations. 
3. Design the pipeline including sizing and hydraulic calculations. 
4. Design pipeline appurtenances. 
5. Label plan view with appropriate details. 
6. Complete Construction Plans including Table of Quantities. 
7. Complete Construction Check. 
 
10.1 Initial Planning Information  
 
• Source of water is a rural water main line running along the north boundary of the 

property.  The rural water association will be installing a meter pit which will include a 
water meter, pressure regulator set at 50 psi double check valves, and two shut-off valves. 

 
• Pressures in the system at the meter location (as provided by the association) vary with a 

maximum static head of 92 psi and hydraulic pressure not less than 50 psi. 
 
• This operation, which is located in the eastern part of the state, runs 70 cow/calf pairs 

which may be at any one tank location or split between tanks. 
 
1. The field copy of the digital ortho/topo map was used for the initial planning.  
 
2. The meter location was agreed on between the water association and the operator.  The 

pipeline route was selected after working with the operator on tank locations and with 
consideration for topographic features.   

 
3. This map was then used at the start of the design process to label the lines and determine 

the design capacity for each line segment.  The lines were labeled with a continuation of 
the same format originally used for the rural water system design.  The minimum design 
capacity (24-hr. flow) for any of the line segments based on 1.5 gpm/100 hd. cows (21.6 
gpd per cow) would be 1.1 gpm.  The designer bases the minimum design flow on 
delivering the daily water needs of the livestock in no more than 12 hours rather than the 
24 (2.2 gpm).  The design will reflect a practical minimum for design flow for a line 
segment of no less than approximately four gpm.  A pipeline flow less than this would 
not be acceptable for most users, since there is an expectation of what a water line should 
deliver.   
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Figure 10.1 
Planning Map – Field Copy 
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10.2 Pipeline Stationing and Elevation Data 
 
The station and elevation data necessary for the hydraulic calculations is obtained from the route 
as drawn on a USGS topographic map.  The station and elevation data for the example are as 
follows on Figure 10.2.  
 

Figure 10.2 
Station and Elevation Data 
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10.3 Sizing and Hydraulic Calculations 
 
The design procedure currently used, in SD, for pipelines utilizes an Excel spreadsheet (Class II 
Pipeline Design and Job Forms) which can be downloaded from the SD NRCS Web site 
http://www.sd.nrcs.usda.gov/technical/Engineering_Tools.html.  
 
The spreadsheet includes a sheet giving instructions for the hydraulics.  The following steps were 
used to develop the design example: 
 
1. The stations and elevations along the pipeline route (part 10.2) are entered in the 

spreadsheet along with the design flows.  Since the water temperature is less than 73oF, 
there will be no effect on the pipe pressure rating, but the temperature must be entered 
into the spreadsheet.  Use of the appurtenance column helps to identify locations along 
the route, see Figure 10.3. 

 
2. The static and hydraulic pressures are also entered.  The static pressure at the main of 90 

psi is entered at station 0+00.  The hydraulic pressure of 50 psi is used both at the main 
and as the pressure regulator setting at station 0+01. 

 
3. The pipe sizes and pressure ratings (SDR no.) are now selected and entered.  The pipe 

selected for the design is 1¼” SDR 21, 200 psi.  The 1¼” size should be considered the 
minimum installed for any system.  Even though many rural water associations have a 
policy of 1½” being minimum for size, the operator has the flexibility to install a larger 
size if desired.  The heavier walled 200 psi pipe is specified rather than 160 psi for 
increased durability.  

 
4. Once the spreadsheet is populated with the initial data, the hydraulic and static pressures 

are reviewed.  The hydraulic pressures (Figure10.3) are all acceptable (no warning 
messages or negative pressures).  The static pressures are below the maximum allowed 
for SDR 21 pipe,  

 
5. Since the hydraulic pressures all along these lines and at all outlets is between 50 and 60 

psi, in actual operation, the pipeline will flow at a rate much greater than the 4 gpm 
design flow.  The rural water main will not be a limiting factor for flow.  The head losses 
in the pressure regulator and other valves at the manhole and the other line losses will 
balance with the hydraulic pressure available at the manhole and the flow will be 
maximized when the hydraulic pressure at the outlet is near zero.  This will be the 
maximum flow available (most likely in the 10-15 gpm range). 
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Figure 10.3 
Pipeline Design Calculations 

(Sheets 1 and 2) 
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10.4 Design Pipeline Appurtenances  
 
1. All of the appurtenances in the Rural Water Association manhole are most likely a 

standard plumbing configuration used by that association.  If the system being installed 
has abnormally high design flows or low hydraulic pressure, then the association may 
need to be consulted concerning valve sizing, otherwise, the standard configuration 
should be adequate.   

 
2. The curb stop which is used as a shut-off on line NE6A is sized two sizes smaller than the 

pipeline size.  Shut-off valves are recommended on the tees to lateral lines and along a 
mainline spaced at approximately one mile intervals.  Shut-off valves provide flexibility 
in operation of the system allowing portions of line to remain in operation while other 
portions are down for service or maintenance problems; and valves also allow sections of 
the line to be isolated to limit volumes of water which must be dealt with in case of a leak 
or other maintenance problem. 

 
3. Systems should be evaluated for the need for air relief.  The summits on this line occur at 

the meter pit and at the two hydrants at the end of each respective line.  There should be 
little need for air relief on this system with the RW as its source; however, with the 
anticipated flow potential of this system, any air will be carried through the system to 
outlet at the hydrants.  The hydrants will act as manual air vents.   

 
10.5 Construction Plans and Specifications 
 
Construction plans (Figures 10.4 and 10.5) were developed using the “Class II Pipeline Design 
and Job Forms” which were also used in Section 10.3 for the hydraulic calculations 
(http://www.sd.nrcs.usda.gov/technical/Engineering_Tools.html).  
 
These forms are titled as “Class II” which refers the Engineering Job Approval Job Class II, but 
the forms can work well with minor modifications, even for some pipelines up to Job Class IV.   
 
A plan view along with the table of quantities is two of the most important details on a set of 
construction plans.  With an adequate amount of detail and labeling, these plan details can 
convey the intent of the designer on many of the major details of the system in a way which can 
be easily understood. 
 
The appurtenance details (Figure 10.5) can be easily tailored to the project by crossing out the 
details which do not apply and marking those details which are part of the design. 
 
Any review of construction plans with the operators should include a discussion of route changes 
and the effect it may have on system pressures.  A specific route may be critical on many 
systems which have low operating (hydraulic pressures) at the outlets or at summits along the 
route.  If subsequent route changes result in an increase in elevation, the change may result in the 
line not functioning properly.  The operator needs to be aware of these limitations if they exist. 
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Figure 10.4 
Construction Plans Sheet 1 
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Figure 10.5 
Construction Plans Sheet 2 (Pipeline Appurtenances) 
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APPPENDIX A 
 

GROUND WATER DATA 
 

 
South Dakota Ground Water Resources A-3 
  USGS Water Supply Paper 2275  
 
Generalized Stratigraphic Column of Central and Northwestern A-9 
South Dakota, South Dakota Geological Survey 
 
Dakota-New Castle Artesian Aquifer Contours  A-11  
 
South Dakota Ground Water Quality A-13 
  USGS Water Supply Paper 2325 
 
South Dakota Wind Resource Map A-21 
  United States Department of Energy 
 
Identifying and Correcting Water Problems A-23 
  SD Cooperative Extension Service FS 877P 
 
Softening  A-27 
  SD Cooperative Extension Service FS 877S 
 
Iron and Manganese Removal A-33 
  SD Cooperative Extension Service FS 877IM 
 
Activated Carbon Filtration A-39 
  SD Cooperative Extension Service FS 877A 
 
Reverse Osmosis  A-45 
  SD Cooperative Extension Service FS 877RO 
 
Distillation  A-49 
  SD Cooperative Extension Service FS 877D 
 
Chlorination  A-55 
  SD Cooperative Extension Service FS 877C 
 
Nitrates in South Dakota Drinking Water A-61 
  SD Cooperative Extension Service FS 604 
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APPENDIX B 
 

PIPE DATA AND FRICTION LOSS 
 
 
Pipe Data Tables  B-3 – B21 
 
Table B-1 – Friction loss ft./100 ft. PVC SDR-26 160 psi B-23 
 
Table B-2 – Friction loss ft./100 ft. PVC SDR-21 200 psi B-24 
 
Table B-3 – Friction loss ft./100 ft. PVC SDR-17 250 psi B-25 
 
Table B-4 – Friction loss ft./100 ft. PVC SDR-26 315 psi B-26 
 
Table B-5 – Friction loss ft./100 ft. PVC Schedule 40 B-27 
 
Table B-6 – Friction loss ft./100 ft. PVC Schedule 80 B-28 
 
Table B-7 – Friction loss ft./100 ft. PVC Schedule 120 B-29 
 
Table B-8 – Friction loss ft./100 ft. PE ID Controlled (insert fittings) B-31 
 
Table B-9 – Friction loss ft./100 ft. PE OD Controlled (Butt Fusion) B-32 
 
Table B-10 – Friction loss ft./100 ft. Galv. or Black Steel Schedule 40 B-33 
 
Table B-11 – Friction loss ft./100 ft. Galv. or Black Steel Schedule 80 B-34 
 
Table B-12 – Stainless Steel Tubing Dimensions B-35 
 
Table B-13 – Red Brass Pipe Nominal Dimensions B-36 
 
Table B-14 – Red Brass Pipe Nominal Working Pressure B-37 
 
Table B-15 – Dimensions and Weights of Copper Tube B-38 
 
Table B-16 – Recommended Working Pressure Copper Joints B-38 
 
Table B-17 – Rated Working Pressure Copper Type K, L, M B-39 
 
Well Pumps and Piping (effects of heat) B-41 
Geo-Heat Center Bulletin 
 
Submersible Motor Service Data (Franklin Electric) B-46 
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Table B-1 

PVC SDR-26 160 PSI 
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Table B-2 

PVC SDR-21 200 PSI 
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Table B-3 
PVC SDR-17 250PSI 
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Table B-4 

PVC SDR-13.5 315PSI 
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Table B-5 
PVC Schedule 40 
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PVC Schedule 80 
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Table B-7 
PVC Schedule 120 
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Table B-8 
PE ID Controlled (Insert Fittings) 
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Table B-9  
PE OD Controlled (Butt Fusion) 
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Table B-10 
Galvanized or Black Steel – Schedule 40 
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Table B-11 
Galvanized or Black Steel – Schedule 80 
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Table B-12 
Stainless Steel Tubing Nominal Dimensions 

 
 
 

 
Seamless, not corroded 

ASTM A106, A312-TP 304 or TP316  

Weight 
or Sch. 

Nom. 
Size 

OD 
(in) 

Nom. 
Wall (in) 

Min. 
Wall (in) 

Plain Ends 
Max. psi 

Thd’d Ends 
Max. psi 

5S 1/2 .84 .065 .0568 2863.4   

10S 1/2 .84 .083 .0726 3715.3   

40S 1/2 .84 .109 .0953 4995.4** 1889.3 

80S 1/2 .84 .147 .1286 6980 3652.5 

  

5S 3/4 1.05 .065 .0568 2264.8   

10S 3/4 1.05 .083 .0726 2928.7   

40S 3/4 1.05 .113 .0988 4073.5** 1642 

80S 3/4 1.05 .154 .1347 5720.6 3142.2 

  

5S 1 1.315 .065 .0568 1792   

10S 1 1.315 .109 .0953 3079.8**   

40S 1 1.315 .133 .1163 3796.4** 1453.5 

80S 1 1.315 .179 .1566 5266 2796.3 

  

5S 1.5 1.9 .065 .0568 1226.7   

10S 1.5 1.9 .109 .0953 2091.9**   

40S 1.5 1.9 .145 .1268 2821.8 1236.3 

80S 1.5 1.9 .2 .175 3977.2 2322.7 

  

5S 2 2.375 .065 .0568 976.6   

10S 2 2.375 .109 .0953 1659.6**   

40S 2 2.375 .154 .1347 2377.3 592.1 

80S 2 2.375 .218 .1907 3433.2 1576.6 

Stainless Steel Tubing (-325°F to +300°F) 
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Table B-13 
Red Brass Pipe Nominal Dimensions 

Red Brass Pipe (-325°F to +300°F) 

Seamless, not corroded 
ASTM B43 Annealed  

Weight 
or Sch. 

Nom. 
Size 

OD 
(in) 

Nom. 
Wall (in) 

Min. 
Wall (in) 

Plain Ends 
Max. psi 

Thd’d Ends 
Max. psi 

Std. 1/2 .84 .107 .101 2128.5 871.7 

XH 1/2 .84 .149 .141 3102.3 1735.9 

  

Std. 3/4 1.05 .114 .108 1793.2 806.2 

XH 3/4 1.05 .157 .148 2541.8 1487.4 

  

Std. 1 1.315 .126 .119 1560.9 620.1 

XH 1 1.315 .182 .172 2337.3 1329.1 
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Table B-14 
Red Brass Pipe Allowable Working Pressure 
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Table B-15 
Table of Dimensions and Weights of Copper Tube Types K, L, M 

 

 
 
 
 

Table B-16 
Recommended Maximum Working Pressure for Copper Solder Joints 
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Table B-17 
Rated Working Pressure for Copper Types K, L, and M 
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Reference:  Franklin Electric, service data, page 263SD, Mar 30 1994 
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Reference:  Franklin Electric, service data, page 263SD, Mar 30 1994 
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Reference:  Franklin Electric, service data, page 263SD, Mar 30 1994 
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Reference:  Franklin Electric, service data, page 263SD, Mar 30 1994 
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Reference:  Franklin Electric, service data, page 263SD, Mar 30 1994 
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Reference:  Franklin Electric, service data, page 263SD, Mar 30 1994 
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APPENDIX C 
 

MATERIALS SOURCES 
 
The following types of plumbing devices are commonly used in stockwater pipeline systems.  
The specific brands and models listed are examples of commonly used items and do not 
represent a comprehensive listing.  Other acceptable devices, brands, and models may be 
available.  The price ranges shown are not intended for estimates since any list price is only 
current for a very short time, but rather the prices are intended to show costs relative to various 
models for comparison purposes.  The models and sizes shown are only a partial listing of what 
is most likely available and are models which have been commonly used in systems, in SD, and 
most likely distributed by local suppliers.  There are companies other than those listed that make 
quality products for water system use.   
 

TABLE OF CONTENTS 
 

 
Part C1 Valves                                                                                                    C-3
  C1.1 Air-Release Valve (one-way air release valve) C-3 
  C1.2 Air-and-Vacuum Valve (two-way valve) C-3 
  C1.3 Air-Vacuum-Air Release Valve (three-way valve) C-4 
  C1.4 Pressure Reducing Valve C-4 
  C1.5 Pressure Relief Valve C-5 
  C1.6 Flow Control Valve C-5 
  C1.7 Float Valves C-5 
 
Part C2 Pressure Tanks C-6 
 
Part C3 Stock Water Tanks C-7 
 
Part C4 Central Storage Tanks C-7 
 
Part C5 Pumps C-8 
 
Part C6 Generators C-9 
 
Part C7 Manufacturers Register C-10 
 
For further details on equipment desired, please contact the sales representative or manufacturer.  
Other good sources of helpful information are well drillers, pump installers, and rural water 
districts. 
 
See Chapter 7 for discussion of purpose and uses for various system components.  
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C1 VALVES 
 
C1.1 Air-Release Valves (one-way air release valve) 
 
Continuous acting valves that have a small venting orifice generally ranging between 1/16 and 
3/8 inch in size.  This type of valve releases pockets of air from the pipeline once the line is filled 
and under working pressure.  These devices require venting to the atmosphere.  They 
periodically dispense small amounts of water during normal operation so provisions must be 
made to dispose of such water. 
 
                                 Inlet       Orifice    Maximum     Price 
Brand Name     Model No        Size (in)         Size (in)  Pressure        Range 
Apco               50       1/2, 3/4, 1          3/32           150          <$50  
Apco                    55             1/2              3/32           150              <$100 
Apco                    65             3/4              1/8             150              <$100 
Apco              50         1/2, 3/4, 1          1/16           300              <$50 
Apco               200A      1, 2             3/16           150        <$150 
Apco               200A      1, 2              3/32           300              <$150 
Val-Matic          15       1/2, 3/4, 1          1/16           175              <$100 
Val-Matic        22          1/2, 3/4, 1          3/32           175              <$150 
Val-Matic             25       3/4, 1          1/8             150              <$150 
Val-Matic          25         3/4, 1         5/64           300              <$150 
Val-Matic        38         1, 2              3/16           150              <$200 
Val-Matic           38           1, 2            3/32           300              <$180 
Bermad               4405           1                ---             170              <$100 
Waterman            CAV-6      1                 ---             150              <$175 
  
 
C1.2 Air-and-Vacuum Valve (two-way valve) 
 
These valves have a large venting orifice, exhaust large quantities of air from the pipeline during 
filling operations, allow air to re-enter the line and prevent a vacuum from forming during 
emptying.  These valves are not continuous acting because they do not allow further escape of air 
at working pressure once the valves close.  These devices require venting to the atmosphere.  
They periodically dispense small amounts of water during normal operation, so provisions must 
be made to dispose of such water. 
 
                                Inlet       Orifice     Maximum       Price 
Brand Name     Model No      Size (in)     Size (in)   Pressure         Range 
Apco                    141         1/2            1/2            300               <$100 
Apco                             142                1             1               300               <$150 
Apco                    144               2             2                150               <$200 
Val-Matic              100             1/2             1/2             150/300        <$200 
Val-Matic             101              1             1                150/300        <$200 
Val-Matic              102               2           2                 150/300        <$350 
Bermad                  4420              2           ---                  170               <$150 
Waterman              AV-150          1-1/2, 2        1 1/8, 1 3/4         150               <$50 
Waterman              AV-150          3, 4       2 3/8, 3 ½         100               <$100 
Waterman            AVP-1            1-3         plastic          110               <$50-100 
CLA - VAL       33A         1, 2                .125            500                <$200 
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C1.3 Air-Vacuum-Air Release Valve (three-way valve) 
 
Three-way valves combine the functions of the previous two valves.  These devices require 
venting to the atmosphere.  They periodically dispense small amounts of water during normal 
operation.  Provision must be made to dispose of such water. 
 
                                  Inlet       Orifice     Maximum       Price 
Brand Name    Model No      Size (in)   Size (in)   Pressure     Range 
Apco 143C 1 1 & 5/64 300 <$200 
Apco 145C 2 2 & 3/32 300 <$300 
Val-Matic 201C 1 1 & 5/64 300 <$300 
Val-Matic 202C 2 2 & 3/32 300 <$450 
Bermad 4415 2     --- 170 <$200 
Waterman CRP8 1 plastic   85 <$50 
Waterman CRP8 2     --- 100 <$100 
Waterman AVR-2 3/4,1,1-1/4,1-1/2 2 1/8  150 <$300  
Waterman CR-100 2 2 & 1/16 100 <$150 
 
C1.4 Pressure Reducing Valve 
 
Pressure reducing valves reduce pressure to pipelines, hydrants, float valves, etc.  Access to the 
valve is required for adjustment and maintenance.   
                                                                                                                                     Maximum 
                                                           Reduced Press  Operating 
Brand Name         Model No.       Size (in)        Note Setting Range               Pressure 
Honeywell Braukmann     DS05 ½ - 1 (1)(3)(50 15-150 400 
Watts                        25AUB ½ - 2  (6)(3) 25-75  300 
Watts                        25AUB HP ½ - 2 (6)(3) 75-125 300 
Watts                        25AUB LP ½ - 2  (6)(3) 10-35  300 
Watts                         U5B ½ - 2 (1)(3) 25-75  300 
Watts                         U5B HP ½ - 2  (1)(3) 75-125 300 
Watts                         U5B LP ½ - 2 (1)(3) 10-35  300 
Watts                        223, 223S ½ - 21/2” (2)(4) 25-75  300 
Watts                  223 HP, 223S HP ½ - 21/2” (2)(4) varies w/size (up to 145) 300 
Watts                  223 LP, 223S LP ½ -21/2” (2)(4) 10-35  300 
Watts                         N45B EZ ½ -1” (5)(3)(6) 25-75  400 
Watts                         N45B EZ 11/4”-2” (5)(3)(6) 25-75  300 
 
(1) Standard Capacity Valve – reduced pressure falloff average at high flow rates 
(2) High Capacity Valve – a valve designed for high flow rates and less pressure loss through 

the valve (reduced pressure falloff is less) 
(3) Integral Strainer 
(4) Without strainer or with strainer (S)  
(5) Pressure may be set without use of pressure gauge (pressure set by adjusting dial on 
 valve) 
(6) Low capacity valve – reduced pressure falloff is significant at high flow rates 
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C1.5 Pressure Relief Valve 
 
Keeps pressure in pipelines at a safe value when a pump pressure switch or pressure reducer 
valve malfunctions.  
 
                 Maximum                  Relief  
Brand Name         Model No.       Size (in)   Note     Operating Pressure      Setting PSI 
Watts 174-A   ¾-2   160 30-160 
Cash-Acme FWC 1/2, 3/4  175 
Waterman AA-6 2, 2½   120 11-120 
Waterman AA-96 3, 4  (1) 150 12-150 
Zurn/Wilkins P1500 1/2, 3/4  175 25-175 
 
(1) Large discharge orifice and flow rate 
 
C1.6 Flow Control Valve 
 
This type of valve controls flow rate in a pipeline.  It is can be used near a pump to control surge 
pressures during pump start up in long pipelines with remote pressure tanks or to limit pipeline 
outlets to a predetermined maximum flow. 
 
    Maximum                  Flow Rate 
Brand Name         Model No.       Size (in)   Note Operating Pressure             GPM__ 
Kates  4FA  1-1/2 (1) 150 & 300 
Dole  GY  3/4 (2) 125  1-11.5 
Dole  GX  1 (2) 125  1-30 
 
(1) Adjustable 
(2) Nonadjustable 
 
C1.7 Float Valve 
                         Maximum 
Brand Name        Model No.   Size             Note  Operating Pressure 
Hudson Valve Hudson ½”, 1”   - 
Roberts R400 ½”, ¾”, 1” Copper ball bob float 100 psi 
Roberts R600 1 ¼”, 1 ½” Copper ball bob float 125 psi 
Watts 750 (3/4”) 1000 (1”) ¼”- 2” Bronze body adj. float arm 165 psi 
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C2 PRESSURE TANKS 
                    Maximum Operating 
Brand Name         Model No/ Series.       Size                     Note (4)         Pressure(1)____ 
Flexcon Fex-Lite     15-119  (fiberglass/epoxy resin) 125 
Flexcon  H2Pro      14-119  Steel  125 
Clayton Mark  galvanized     12-480  no bladder    50 
Flint and Walling  AT     4-119  (3)  100 
Myers  MIL     2-14  in-line tank (3)  100 
Myers  MPD     14-119  Vertical Stand (3)  100 
Sta-Rite  SR     20-120  (fiberglass/epoxy resin) 100 
Sta-Rite  PSP     50-119  Steel w/ PVC bladder 125 
Well Mate  WM  14.5-80  (fiberglass/epoxy resin) 100 
Well Mate  WM-WB  47-120  (fiberglass/epoxy resin) 125 
Wel-X-Trol   WX/100,200,300  2.0-119  Non-ASME (3)    100 
Wel-X-Trol   WX/420 Series  165-550  Non-ASME (2)    100 
Wel-X-Trol   WX/400  17.5-88  Non-ASME & (ASME) (3) 150 125,175,250) 
Wel-X-Trol   WX/440,450  53-528  Non-ASME & (ASME) (2) 150 (125,175,250)  
Well-Rite      WR  14 -119  Non-ASME (3)    125 
Wessels  FX  2.1-528  Non-ASME (2)  150 
Wessels  FXT  8-210  ASME (3)  200 
Wessels   FXA  10-3,963  ASME (2)  125,200,250 
 
 

NOTES 
(1) These are maximum operating pressures as listed by the manufacturer for the particular 
 model listed.  These pressures should not be exceeded. 
 
(2) Replaceable Bladder 
 
(3) Fixed Diaphram (nonreplaceable bladder) 
 
(4) ASME rated tanks are fabricated and certified as meeting an ASME code.  They are 

manufactured under controlled conditions by certified welders.  The maximum operating 
pressure for an ASME tank is based on a higher factor of safety than a non-ASME tank, 
they are of higher quality and higher cost. 
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C3 STOCK TANKS 
 
Type Tank Supplier Size Gauge 
 
Corrugated Galv. Steel Hastings Equity Grain Bin Mfg. 15-30’ dia., 25.5 & 33” 10/20 
Bottomless Hastings, Nebraska (NE) 
 
Corrugated Galv. Steel Sioux Steel 15-27’ dia., 25 & 33” 12 
Bottomless Sioux Falls, SD 
 
Corrugated Galv. Steel Conrad American   -   12/20 
Bottomless Grand Island, NE 
 
Fiberglass Mer-Tex 4-25 ft. 
 Amarillo, Texas (TX) 
 
Fiberglass Montana Fiberglass 4–19 ¼ dia. 
 (formerly Zanes Stock Tanks) 3’ x 4’ - 8’ x 20.75’ rect. 
 Lewistown, Montana (MT) 
 
Fiberglass Fiberglass Structures Inc. 6 – 10’ dia. 
 (Component Structures, Inc.) 3’ x 4’ - 3’ x 10’ rect. BUL-TUF 
 Laurel, MT 
 
C4 CENTRAL STORAGE TANKS 
 
Type Tank Supplier Size  Style 
 
Polyethylene Den Hartog Industries 1,000 – 10,500 gallon Above Ground 
 Hospers, Iowa (IA) 
 
Polyethylene Den Hartog Industries 850 – 11,700 gallon Direct Bury 
 Hospers, IA 
 
Fiberglass Containment Solutions Inc. 550 – 40,000 gallon Direct Bury 
 Conroe, TX 
 
Fiberglass Xerxes Corporation 600 – 50,000 gallon Direct Bury 
 Minneapolis, Minnesota (MN) 
 
Pre-Cast Concrete Local Suppliers 1,000 – 5,000 gallon Direct Bury 
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C5 PUMPS 
 
Brand Name Supplier Type Notes  
Aermotor Aermotor Submersible, Jet 
 Conway, Arkansas (AR) Inline Booster 
 
Aermotor Windmill Aermotor Windmill Co. Windmills 
 San Angelo, TX  
 
Bowjon Bowjon Windmill driven air pump 
 Burbank, California (CA) 
 
Dankoff Dankoff Solar Products Inc. Solar Pumps 
 Santa Fe, New Mexico (NM) 
 
Fleming Hydro-Ram Ram Company Hydraulic Ram 
 Lowesville, Virginia (VA) 
 
Flint & Walling Flint & Walling Inc. Submersible, Jet 
 Kendallville, Indiana (IN) Inline Booster 
 
Franklin Franklin Pump Systems Inc. Submersible, Jet Includes 
Little Rock, AR Inline Booster pumps 
   Formerly  
   branded 
   Jacuzzi 
 
Goulds Goulds Pumps Inc. Submersible, Jet 
 Seneca Falls, New York (NY) Inline Booster 
 
Grundfos Grundfos Pumps Corp. Submersible, Jet Including 
 Olathe, KS Inline Booster, speed models 
  Solar 
 
Farm Trol Farm Trol Equipment Pasture Nose Pumps 
 Theresa, Wisconsin (WI) 
 
McDonald A.Y. McDonald Mfg. Co. Submersible, Jet 
 Dubuque, IA Inline Booster 
 
Myers Myers Pentair Water Submersible, Jet 
 Ashland, Ohio  Inline Booster 
 
Red Jacket Red Jacket Water Products Submersible, Jet 
 Auburn, NY Inline Booster 
 
Rife Rife Hydraulic Engine Hydraulic Ram 
  Mfg. Co. Inc. Pasture Nose Pumps 
 Nanticoke, Pennsylvania 
 
Sta-Rite Sta-Rite Industies Inc. Submersible, Jet 
 Delavan, WI Inline Booster 
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C6 GENERATORS 
 
Brand Name Supplier Type Notes 
GenPro GenPro Power Systems Remote well site 
 Rapid City, SD generators 
 
TWEgen TW Enterprises Remote well site 
 Billings, MT generators
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C7 MANUFACTURERS REGISTER 
 
The following companies have products referenced in this appendix.  The specific companies listed 
are examples of companies whose products have been used in small private waters systems in the 
state and do not represent a comprehensive listing.  Other acceptable companies and brands may be 
available.  Generally, all of these companies have Web sites which should be referred to for the 
most up-to-date information. 
 
APCO Valve & Primer Corporation    Air Valves 
1420 South Wright Blvd. 
Schaumburg, IL  60193-4599 
Phone (630) 529-9000 or (800) 323-6969 
Fax (708) 529-6969 
 
Bermad Inc.       Air Valves 
Anaheim, CA 
Phone (800) 821-6825 
Fax (714) 666-2533  
 
Cash-Acme       Pressure Relief Valves 
2400 7th Avenue  
Cullman, Alabama 
Phone (877) 700-4242 
Fax (877) 700-4280 
 
Honeywell       Pressure Regulators 
Minneapolis, MN 
 
Zurn/Wilkins       Pressure Relief Valves 
1747 Commerce Way 
Paso Robles, CA  93446 
Phone (805) 238-7100 
Fax (805) 238-5766 
 
Waterman Industries Sales Inc.    Air Valves, Pressure Relief Valves 
1701 N. Nashville  
Lubbock Texas 
Phone (806) 763-5943 
Fax (806) 763-8167 
 
Watts Regulator Company     Air Valves, Pressure Relief Valves 
815 Chestnut Street      Pressure Regulators, Pressure Relief  
North Andover, MA  01845     Valves, Float Valves 
Phone (978) 688-1811 
Fax (978) 794-1848  
 
Val-Matic Valve and Manufacturing Corp.   Air Valves 
905 Riverside Drive 
Elmhurst, IL  60126 
Phone (630) 941-7600 
Fax (630) 941-8042 
 
CLA-VAL       Air Valves 
Phone (949) 722-4800 
Fax (949) 548-5411 
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Hudson Valve Company Inc.     Float Valves 
6000 Schirra Court 
Bakersfield, California  93313 
Phone (800) 748-6218 
Fax (805) 831-9035 
 
Ford Meter Box Company Inc.    Valves 
P.O. Box 443 
Wabash, Indiana  46992-0443 
Phone (214) 563-3171 
Fax (800) 826-3487 
 
Mueller Company      Valves 
Decator, Illinois 
Phone (800) 423-1323 
Fax (217) 425-7202 
 
Aermotor Windmill Co.     Windmills 
P.O. Box 5110 
San Angelo, TX  76902 
Phone (800) 854-1566 
Fax (325) 651-4948 
 
Aermotor       Pumps 
P.O. Box 1364 
584 Commerce Rd. 
Conway, AR 
Phone (501) 329-9811 
Fax (501) 329-9812 
 
A.Y. McDonald      Pumps 
P.O. Box 508 
Dubuque, IA  52004-0508 
Phone (563) 583-7311 
Fax (563) 588-0720 
 
Bowjon       Wind Driven Air Pump 
2829 Burton Avenue 
Burbank, CA  91504 
Phone (213) 846-2620 
 
Dankoff Solar Products Inc.     Solar Pumps 
Santa Fe, NM 
Phone (704) 583-0016 
Fax (704) 583-9588 
 
Farm Trol Equipment      Pasture Nose Pumps 
409 Mayville St. 
Theresa, WI  53091 
Phone (414) 488-3221 
 
Flint & Walling Inc.      Pumps, Pressure Tanks 
95 North Oak St. 
Kendallville, IN  46755 
Phone (800) 348-9422 
Fax (800) 848-2535 
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Franklin Pump Systems Inc.     Pumps 
12401 Interstate 30 
Little Rock, AR  72209 
Phone (501) 455-1234 
Fax (800) 662-6044 
 
Goulds Pumps Inc.      Pumps 
2881 East Bayard St. 
Seneca Falls, NY  13148 
Phone (315) 568-7123 
 
Grundfos Pumps Corp.     Pumps 
17100 West 118th Terrace 
Olathe, KS  66061  
Phone (913) 227-3400 
Fax (913) 227-3500 
 
Myers Pentair Water      Pumps 
1101 Myers Parkway 
Ashland, OH  44805 
Phone (419) 289-6898 
Fax (419) 289-6658 
 
Ram Company      Hydraulic Ram Pump 
512 Dillard Hill Rd. 
Lowesville, Virginia  22967 
Phone 800 227-8511 
 
Red Jacket Water Products     Pumps 
58 Wright Ave. 
Auburn, NY  13021 
Phone (866) 325-4210 
Fax (866) 325-4211 
 
Rife Hydraulic Engine Mfg. Co. Inc.    Hydraulic Rams, Nose Pumps 
Line and Grove St. 
P.O. Box 95 
Nanticoke, PA  18634 
Phone (570) 740-1100 
Fax (570) 740-1101 
 
Sta-Rite Industries Inc.     Pumps 
293 Wright St.  
Delavan, WI  53115 
Phone (414) 728-9181 
Fax (414) 728-2348 
 
GenPro Power Systems     Remote Well Site Generators 
2121 Rand Road  
Rapid City, SD  57702 
Phone (605) 341-6160 
Fax (605) 341-9790 
 
TWEnterprises Inc.      Remote Well Site Generators 
636 Logan Lane 
Billings, MT  59105 
Phone (800) 955-3795 
Fax (406) 245-4333 
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Centenial Plastics LLC     Polyethylene Pipe 
1830 Centenial Ave. 
Hastings, NE  68901 
Phone (402) 462-2227 
Fax (402) 462-5529 
 
Diamond Plastics      PVC Pipe 
1212 Johnstown Road      2” to 4” 
P.O. Box 1608       ASTM D 2241 
Grand Island, Nebraska  68802 
Phone (308) 384-4400 
Fax (308) 384-9345 
 
Eagle Plastics       PVC & PE Pipe 
P.O. Box 229 
146 North Maple 
Hastings, Nebraska  68902-0229 
Phone (402) 461-3040 
Fax (402) 461-3409 
 
Endot Industries      Polyethylene Pipe 
60 Green Pond Road 
Rockaway, New Jersey  07866 
Phone (800) 443-6368 
Fax (973) 625-4087 
 
Plexco        Polyethylene Pipe 
Performance Pipe Division 
Chevron Chemical Company 
1050 Busse Highway, Suite 200 
Bensenville, Illinois  60106 
Phone (630) 350-3754 
Fax (630) 350-2148 
 
PolyPipe Industries Inc.     Polyethylene Pipe 
P.O. Box 390  
Gainsville, TX  76240 
Phone (800) 433-5632 
Fax (940) 668-2704 
 
Phillips Drisco Pipe      Polyethylene Pipe 
2929 North Central Expressway 
Suite #300 
Richardson, Texas  75080 
Phone (972) 783-2666 
Fax (972) 783-2689 
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