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!�CENTRIFUGAL�PUMP�IS�A�VERY�SIMPLE�DESIGN��4HE�ONLY�MOVING�PART�IS�AN�IMPELLER�ATTACHED�TO�A�SHAFT�THAT�IS�
DRIVEN�BY�THE�MOTOR��4HE�TWO�MAIN�PARTS�OF�THE�PUMP�ARE�THE�IMPELLER�AND�DIFFUSER��4HE�IMPELLER�CAN�BE�MADE�
OF�BRONZE��STAINLESS�STEEL��CAST�IRON��POLYCARBONATE��AND�A�VARIETY�OF�OTHER�MATERIALS��!�DIFFUSER�OR�VOLUTE�
HOUSES�THE�IMPELLER�AND�CAPTURES�THE�WATER�OFF�THE�IMPELLER�

7ATER�ENTERS�THE�EYE�OF�THE�IMPELLER�AND�IS�THROWN�OUT�BY�CENTRIFUGAL�FORCE��!S�WATER�LEAVES�THE�EYE�OF�THE�
impeller,�a�low�pressure�area�is�created,�causing�more�liquid�to�mow�toward�the�inlet�because�of�atmospheric�
pressure�and�centrifugal� force.�Velocity� is�developed�as� the� liquid�mows�through�the� impeller�while�it� is�
TURNING�AT�HIGH�SPEEDS�ON�THE�SHAFT��4HE�LIQUID�VELOCITY�IS�COLLECTED�BY�THE�DIFFUSER�OR�VOLUTE�AND�CONVERTED�
to�pressure�by�specially�designed�passageways�that�direct�the�mow�to�discharge�into�the�piping�system,�or�
ON�TO�ANOTHER�IMPELLER�STAGE�FOR�FURTHER�INCREASING�OF�PRESSURE�

4HE�HEAD�OR�PRESSURE�THAT�A�PUMP�WILL�DEVELOP�IS�IN�DIRECT�RELATION�TO�THE�IMPELLER�DIAMETER��THE�NUMBER�OF�
IMPELLERS��THE�EYE�OR� INLET�OPENING�SIZE��AND�HOW�MUCH�VELOCITY� IS�DEVELOPED�FROM�THE�SPEED�OF� THE�SHAFT�
ROTATION��#APACITY�IS�DETERMINED�BY�THE�EXIT�WIDTH�OF�THE�IMPELLER��!LL�OF�THESE�FACTORS�AFFECT�THE�HORSEPOWER�SIZE�OF�THE�MOTOR�TO�BE�USED��AS�THE�MORE�WATER�
TO�BE�PUMPED�OR�PRESSURE�TO�BE�DEVELOPED��THE�MORE�ENERGY�IS�NEEDED�

!�CENTRIFUGAL�PUMP�IS�NOT�POSITIVE�ACTING��!S�THE�DEPTH�TO�WATER�INCREASES��IT�PUMPS�LESS�AND�LESS�WATER��!LSO��WHEN�IT�PUMPS�AGAINST�INCREASING�PRESSURE�
IT�PUMPS�LESS�WATER��&OR�THESE�REASONS�IT�IS�IMPORTANT�TO�SELECT�A�CENTRIFUGAL�PUMP�THAT�IS�DESIGNED�TO�DO�A�PARTICULAR�PUMPING�JOB��&OR�HIGHER�PRESSURES�
OR�GREATER�LIFTS��TWO�OR�MORE�IMPELLERS�ARE�COMMONLY�USED��OR�A�JET�EJECTOR�IS�ADDED�TO�ASSIST�THE�IMPELLERS�IN�RAISING�THE�PRESSURE�

)MPELLER

$IFFUSER

The�two�most�popular�types�of�pumps�used�for�private�well�systems�or�low�mow�irrigation�applications�are�jet�pumps�and�submersible�pumps.
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4YPICAL�*ET�0UMP�)NSTALLATION

(OW�A�*ET�0ROVIDES�
0UMPING�!CTION

Shallow Well Deep Well

Pressure
Gauge

Pressure
Regulator

Pressure
SwitchPressure

Switch

Well
Seal

Well
Seal

Well
Point

Jet
Ejector

Foot
Valve

Foot
Valve

To safety
switch or 
circuit 
breaker panel

To safety
switch or 
circuit 
breaker panel

TWO PIPE SYSTEM

Check 
Valve

Vertical 
Check 
Valve

SINGLE PIPE SYSTEM

Reducing
Nipple
Turned
Coupling

Cup
Leathers

Foot Valve

Packer
Ejector

Jet

Nozzle

Water
Under
Pressure

Jet Ejector

Drive
Pipe

Return Pipe

Foot Valve

7ATER�IS�SUPPLIED�TO�THE�*ET�EJECTOR�UNDER�PRESSURE��7ATER�SURROUNDING�THE�JET�STREAM�IS�
LIFTED�AND�CARRIED�UP�THE�PIPE�AS�A�RESULT�OF�THE�JET�ACTION��

7HEN�A�JET�IS�USED�WITH�A�CENTRIFUGAL�PUMP�A�PORTION�OF�THE�WATER�DELIVERED�BY�THE�PUMP�
IS�RETURNED�TO�THE�JET�EJECTOR�TO�OPERATE�)T��4HE�JET�LIFTS�WATER�FROM�THE�WELL�TO�A�LEVEL�WHERE�
the�centrifugal�pump�can�𿿿nish�lifting�It�by�suction.

!�DEEP�WELL�EJECTOR�IS�OF�PARTICULAR�VALUE�WHEN�YOU�HAVE�A�WATER�LEVEL�THAT�IS�GRADUALLY�
lowering.�The�proper�jet�package�will�be�required�to�work�ef𿿿ciently.�

"ECAUSE� JET�PUMPS�ARE�CENTRIFUGAL�PUMPS��THE�AIR�HANDLING� CHARACTERISTICS�ARE� SUCH�
THAT�THE�PUMP�SHOULD�BE�STARTED�WITH�THE�PUMP�AND�PIPING�CONNECTIONS�TO� THE�WATER�
supply�completely�𿿿lled�with�water.�

7ITH�A�SHALLOW
WELL�JET�PUMP��THE�EJECTOR�IS�MOUNTED�CLOSE�TO�THE�PUMP�IMPELLER��7ITH�A�
DEEP�WELL�JET�PUMP��THE�EJECTOR�IS�USUALLY�MOUNTED�JUST�ABOVE�THE�WATER�LEVEL�IN�THE�WELL��
OR�ELSE�SUBMERGED�BELOW�WATER�LEVEL��

#ENTRIFUGAL�PUMPS��BOTH�THE�SHALLOW
WELL�AND�DEEP�WELL�TYPES�HAVE�LITTLE�OR�NO�ABILITY�TO�PUMP�AIR��7HEN�STARTING��THE�PUMP�AND�SUCTION�LINE�NEEDS�TO�HAVE�
ALL�OF�THE�AIR�REMOVED��!N�AIR�LEAK�IN�THE�SUCTION�LINE�WILL�CAUSE�THE�PUMP�TO�QUIT�PUMPING��4HIS�IS�SOMETIMES�REFERRED�TO�AS�hLOSING�ITS�PRIMEv�

$IFFUSER

3UCTION

6ENTURI

)MPELLER

.OZZLE



�
���� ��������������\��SALES AYMCDONALD�COM��\��AYMCDONALD�COM

0UMP�"ASICS
0U
M
P�
"A
SIC
S

3UBMERSIBLE�0UMPS
4HE�SUBMERSIBLE�PUMP�IS�A�CENTRIFUGAL�PUMP��"ECAUSE�ALL�STAGES�OF�THE�PUMP�END��WET�END	�AND�THE�MOTOR�ARE�
JOINED�AND�SUBMERGED�IN�THE�WATER��IT�HAS�A�GREAT�ADVANTAGE�OVER�OTHER�CENTRIFUGAL�PUMPS��4HERE�IS�NO�NEED� TO�
RECIRCULATE�OR�GENERATE�DRIVE�WATER�AS�THERE�IS�WITH�JET�PUMPS��THEREFORE��MOST�OF�ITS�ENERGY�GOES�TOWARD�hPUSHINGv�
the�water�rather�than�𿿿ghting�gravity�and�atmospheric�pressure�to�draw�water.

6IRTUALLY�ALL�SUBMERSIBLES�ARE�hMULTI
STAGEv�PUMPS��!LL�OF�THE�IMPELLERS�OF�THE�MULTI
STAGE�SUBMERSIBLE�PUMP�ARE�
MOUNTED�ON�A�SINGLE�SHAFT�AND�ALL�ROTATE�AT�THE�SAME�SPEED��%ACH�IMPELLER�PASSES�THE�WATER�TO�THE�EYE�OF�THE�NEXT�
impeller�through�a�diffuser.�The�diffuser�is�shaped�to�slow�down�the�mow�of�water�and�convert�velocity�to�pressure.�
%ACH�IMPELLER�AND�MATCHING�DIFFUSER�IS�CALLED�A�STAGE��!S�MANY�STAGES�ARE�USED�AS�NECESSARY�TO�PUSH�THE�WATER�
OUT�OF�THE�WELL�AT�THE�REQUIRED�SYSTEM�PRESSURE�AND�CAPACITY��%ACH�TIME�WATER�IS�PUMPED�FROM�ONE�IMPELLER�TO�THE�
NEXT��ITS�PRESSURE�IS�INCREASED�

4HE�PUMP�AND�MOTOR�ASSEMBLY�ARE�LOWERED�INTO�THE�WELL�BY�CONNECTING�PIPING�TO�A�POSITION�BELOW�THE�WATER�LEVEL��)N�
this�way�the�pump�is�always�𿿿lled�with�water�(primed)�and�ready�to�pump.�Because�the�motor�and�pump�are�under�
WATER�THEY�OPERATE�MORE�QUIETLY�THAN�ABOVE�GROUND�INSTALLATIONS�AND�PUMP�FREEZING�IS�NOT�A�CONCERN�

!�9��-C$ONALD�CAN�STACK�AS�MANY�IMPELLERS�AS�NEEDED��HOWEVER��THE�HORSEPOWER�OF�THE�MOTOR�IS�LIMITED��&OR�INSTANCE��
numerous�pumps�have�1/2�HP�ratings�-�pumps�that�are�capable�of�pumping�different�mows�at�different�pumping�
LEVELS��THEY�WILL��HOWEVER��ALWAYS�BE�LIMITED�TO�����(0��!NOTHER�WAY�TO�LOOK�AT�IT�IS�THAT�A�PUMP�WILL�ALWAYS�OPERATE�SOMEWHERE�ALONG�ITS�DESIGN�CURVE�

To�get�more�mow,�the�exit�width�of�the�impeller�is�increased�and�there�will�then�be�less�pressure�(or�head)�that�the�pump�will�develop�because�there�will�be�
LESS�IMPELLERS�ON�A�GIVEN�(0�SIZE�PUMP��2EMEMBER��THE�PUMP�WILL�ALWAYS�TRADE
OFF�ONE�FOR�THE�OTHER�DEPENDING�ON�THE�DEMAND�OF�THE�SYSTEM��)F�THE�SYSTEM�
DEMANDS�MORE�THAN�A�PARTICULAR�PUMP�CAN�PRODUCE��IT�WILL�BE�NECESSARY�TO�GO�UP�IN�HORSEPOWER��THEREBY��ALLOWING�MORE�IMPELLERS�TO�BE�STACKED�OR�TO�GO�TO�A�
DIFFERENT�DESIGN�PUMP�WITH�WIDER�IMPELLERS�

)MPELLER���
$IFFUSER�3TACK
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0UMP�#URVES
!�PUMP�CURVE�IS�A�CURVED�LINE�DRAWN�OVER�A�GRID�OF�VERTICAL�AND�HORIZONTAL�LINES��4HE�CURVED�LINE�
REPRESENTS�THE�PERFORMANCE�OF�A�GIVEN�PUMP��4HE�VERTICAL�AND�HORIZONTAL�GRID�LINES�REPRESENT�UNITS�
OF�MEASURE�TO�DISPLAY�THAT�PERFORMANCE�

,ET�S�THINK�OF�A�WELL�FULL�OF�WATER��7E�WANT�TO�USE�THE�WATER�IN�A�HOME��4HE�HOME�IS�AT�A�HIGHER�LEVEL�
than�the�water�in�the�well.�Since�gravity�won’t�allow�water�to�mow�uphill,�we�use�a�pump.�A�pump�
IS�A�MACHINE�USED�TO�MOVE�A�VOLUME�OF�WATER�A�GIVEN�DISTANCE��4HIS�VOLUME�IS�MEASURED�OVER�A�
PERIOD�OF�TIME�EXPRESSED�IN�GALLONS�PER�MINUTE��'0-	�OR�GALLONS�PER�HOUR��'0(	�

4HE� PUMP� DEVELOPS� ENERGY� CALLED� DISCHARGE� PRESSURE� OR� TOTAL� DYNAMIC� HEAD�� 4HIS� DISCHARGE�
PRESSURE�IS�EXPRESSED�IN�UNITS�OF�MEASURE�CALLED�POUNDS�PER�SQUARE�INCH��PSI	�OR�FEET�OF�HEAD��FT	�

./4%�����PSI�WILL�PUSH�A�COLUMN�OF�WATER�UP�A�PIPE�A�DISTANCE�OF������FEET��7HEN�MEASURING��
� A�PUMP�S�PERFORMANCE��WE�CAN�USE�A�CURVE�TO�DETERMINE�WHICH�PUMP�IS�BEST�TO�MEET�OUR��
� REQUIREMENTS�

&IGURE���IS�A�GRID�WITH�THE�UNIT�OF�MEASURE�IN�FEET�ON�THE�LEFT�HAND�SIDE��7E�START�WITH���AT�THE�
BOTTOM��4HE�NUMBERS�PRINTED�AS�YOU�GO�UP�THE�VERTICAL�AXIS�RELATE�TO�THE�ABILITY�OF�THE�PUMP�TO�
PRODUCE�PRESSURE�EXPRESSED�IN�FEET��!LWAYS�DETERMINE�THE�VALUE�OF�EACH�GRID�LINE��3OMETIMES�THE�
MEASURE�WILL�SAY�FEET�HEAD��WHICH�IS�WHAT�MOST�ENGINEERS�CALL�IT��

7ITH�THE�PUMP�RUNNING�A�READING�WAS�TAKEN�FROM�THE�GAUGE�IN�PSI�AND�CONVERTED�TO�FEET���
���PSI��������FEET	�

7E�SHOW�ANOTHER�UNIT�OF�MEASURE�IN�GALLONS�PER�MINUTE�ACROSS�THE�BOTTOM��9OU�START�WITH���ON�
THE�LEFT��4HE�NUMBERS�PRINTED�AS�YOU�GO�TO�THE�RIGHT�RELATE�TO�THE�ABILITY�OF�THE�PUMP�TO�PRODUCE�
mow�of�water�expressed�as�capacity—in�gallons�per�minute�(GPM).�Again,�always�determine�the�
VALUE�OF�EACH�GRID�LINE�

To�establish�a�pump�curve�we�run�the�pump�using�a�gauge,�valve,�and�mowmeter�on�the�discharge�
pipe.�We�𿿿rst�run�the�pump�with�the�valve�closed�and�read�the�gauge.�This�gives�us�the�pump’s�
CAPABILITY��AT���CAPACITY�AND�MAXIMUM�HEAD�IN�FEET�

Figure�2�-�We�mark�the�grid�point�1.�Next�we�open�the�valve�to�8�GPM�mow,�and�read�the�gauge.��
� 7E�AGAIN�MARK�THIS�POINT�ON�THE�GRID����7E�CONTINUE�THIS�PROCESS�UNTIL�WE�HAVE��
� MARKED�ALL�THE�POINTS�ON�THE�GRID�

&IGURE���
� 7E�NOW�CONNECT�ALL�THE�POINTS��4HIS�CURVED�LINE�IS�CALLED�A�HEAD�CAPACITY�CURVE���
� (EAD��(	�IS�EXPRESSED�IN�FEET�AND�CAPACITY��#	�IS�EXPRESSED�IN�GALLONS�PER�MINUTE��'0-	���
� 4HE�PUMP�WILL�ALWAYS�RUN�SOMEWHERE�ON�THE�CURVE�

7HEN�THE�TOTAL�DYNAMIC�HEAD��4$(	�IS�KNOWN��READ�VERTICALLY�UP�THE�LEFT�HAND�SIDE�OF�THE�CURVE�TO�
THAT�REQUIREMENT��FOR�EXAMPLE������FEET��4HEN�READ�HORIZONTALLY�TO�A�POINT�ON�A�CURVE�THAT�CONNECTS�
TO�THE�CAPACITY�NEEDED��FOR�EXAMPLE����'0-��)T�IS�THEN�DETERMINED�THAT�A���(0����STAGE�PUMP�IS�
NEEDED�

4HERE�ARE�MANY�DIFFERENT�TYPE�CURVES�SHOWN�IN�OUR�CATALOG��&IGURE���IS�A�COMPOSITE�PERFORMANCE�
CURVE��MORE�THAN�ONE�PUMP	�FOR�THE�SUBMERSIBLE��4HERE�IS�A�SEPARATE�CURVE�FOR�EACH�HORSEPOWER�
SIZE��,ET�S�COMPARE�TWO�SIZES��

��� &IRST�LOOK�AT�THE���(0����STAGES��IMPELLERS�AND�DIFFUSERS	��!T����'0-�CAPACITY�THIS�MODEL�WILL��
� MAKE�����FEET�

��� .OW�LOOK�AT�THE���(0�����STAGES��!T����'0-�CAPACITY�THIS�MODEL�WILL�MAKE�����FEET�

7HEN�YOU�ADD�IMPELLERS��THE�PUMP�MAKES�MORE�PRESSURE��EXPRESSED�IN�FEET	��4HIS�ALLOWS�THE�PUMP�
TO�GO�DEEPER�IN�A�WELL��BUT�ALSO�TAKES�MORE�HORSEPOWER�
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4YPICAL�3UBMERSIBLE�)NSTALLATION

Submersible
Cable

Coupling

Tape Cable 
to Pipe

Check Valve

Pitless
Adapter

Well
Casing

Torque Arrester

Check Valve

Well Cap

3
Pumping

Level
Consists of: 

2
Service

Pressure

Static or 
Standing

Water
Level

Draw
Down

Horizontal & Vertical PIpe Run
All Pipe from pump to tank

5
Total

Dynamic
Head

1
Vertical

Lift

4
Friction 

Loss

 TO HOUSE SERVICE

PRESSURE
TANK

Control
Box

Disconnect
Switch/Circuit
Breaker

Pressure
Gauge

Pressure Relief Valve

Drain Valve

Pressure
Switch

Check Valve
(Where local codes allow)
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0UMP�3IZING�
�3UBMERSIBLE�0UMPS

�

�

&RICTION�,OSS
Water�mowing�through�piping�will�lose�head�depending�on�the�size,�
type�and�length�of�piping,�number�of�𿿿ttings,�and�mow�rate.�Example:�
0UMPING����'0-�THROUGH�����FT��OF������Ñ�PLASTIC�PIPE�WITH�THREE�
ELBOWS�WILL�CAUSE�A�FRICTION�LOSS�EQUAL�TO�

�

6ERTICAL�,IFT���%LEVATION
4HE�VERTICAL�DISTANCE�IN�FEET�FROM�THE�PITLESS�ADAPTER�TO�THE�TOP�OF�
THE�PRESSURE�TANK

�

�

�

�

7ELL�3IZE
�INSIDE�DIAMETER�IN�INCHES	

??????????

3ERVICE�0RESSURE
4HE�AVERAGE��PUMP�SHUT
OFF	�PRESSURE�SWITCH�SETTING�X�����g��
%XAMPLE�FOR�A�������SWITCH�����X�����g��������FEET

0UMPING�,EVEL
4HE�VERTICAL�DISTANCE�IN�FEET�FROM�THE�PITLESS�ADAPTER�OR�WELL�SEAL�
to�the�water� drawdown� level� in� the�well� that� yields�the� mow� rate�
REQUIRED�BY�THE�PUMP

�

3EE�&RICTION�,OSS�#HARTS�ON�0AGE���

�

&EET�OF�0IPE�???????????????$IAMETER�OF�0IPE�??????????????

4YPE�OF�0IPE�??????????????????????????????????????????

����FT�������FT���ELBOW�LOSS	
����FT�

8������FT��LOSS�PER����g	���������FT�

4OTAL�$YNAMIC�(EAD�
!FTER�DETERMINING�4$(��MATCH�THIS�NUMBER�WITH�CAPACITY�REQUIRED�
on�pump�curves� of� speci𿿿c� pumps� in� this� catalog� to� select� the�
CORRECT�PUMP�

$ETERMINING�&LOW�2ATE� � � � � � � �

Although�methods�will�vary,�in�general,�the�Water�Systems�Council�bases�pump�mow�selection�for�a�residential�
SYSTEM�ON�TOTAL�GALLON�USAGE�DURING�A�SEVEN�MINUTE�PEAK�DEMAND�PERIOD��4HIS�CAN�BE�SUPPLEMENTED�BY�USING�
A�PROPERLY�SIZED�PRESSURE�TANK�

&ARMS��IRRIGATION��AND�LAWN�SPRINKLERS�DEMAND�MORE�WATER�

&T�

#ONVERT�03)�TO�FEET�
�8�����	

'ALLONS�0ER�-INUTE��OR�(OUR	�.EEDED

$ETERMINING�4OTAL�$YNAMIC�(EAD

� (%!$

-/2%�!"/54���

6%24)#!,�,)&4��%,%6!4)/.� �
4HE� VERTICAL� DISTANCE� BETWEEN� THE� WELL�
HEAD� AND� THE� LEVEL� AT� THE� POINT� OF� USE��
)T�MUST�BE�ADDED�TO�THE�4/4!,�$9.!-)#�
(%!$� IF� THE� INLET� IS� LOWER� THAN� THE� OUT

LET�AND�SUBTRACTED� IF� THE� INLET� IS�HIGHER��
!S� A� RULE� OF� GOOD� INSTALLATION� PRACTICE��
HOWEVER��PIPES�SHOULD�SLOPE�CONTINUOUSLY�
UPWARD�FROM�THE�INLET�TO�THE�OUTLET�TO�PRE

VENT�ENTRAPMENT�OF�AIR��

3%26)#%�02%3352%�� �
4HE� RANGE� OF� PRESSURE� IN� THE� PRESSURE�
TANK�DURING�THE�PUMPING�CYCLE�

05-0).'�,%6%,�� � �
4HE� LOWEST� WATER� LEVEL� REACHED� DURING�
PUMPING�OPERATION���3TATIC�LEVEL�n�DRAW

DOWN	

34!4)#�/2�34!.$).'�7!4%2�,%6%,��
4HE�UNDISTURBED�LEVEL�OF�WATER�IN�THE�WELL�
BEFORE� PUMPING�� .OT� AS� IMPORTANT� AS�
PUMPING�LEVEL�

$2!7$/7.�� � �
4HE�DISTANCE� THAT� THE�WATER� LEVEL� IN� THE�
WELL�IS�LOWERED�BY�PUMPING��)T�IS�THE�DIF

FERENCE�BETWEEN�THE�34!4)#�7!4%2�,%6%,�
AND�THE�05-0).'�,%6%,��

&2)#4)/.�,/33�� �
4HE� LOSS� OF�PRESSURE�OR� HEAD� DUE� TO� THE�
resistance� to� mow� in� the� pipe� and� 𿿿t

tings.�Friction� loss� is� inmuenced�by�pipe�
size�and�muid�velocity,�and�is�usually�ex

PRESSED�IN�FEET�OF�HEAD��

(/2):/.4!,�25.�� � �
4HE� HORIZONTAL� DISTANCE� BETWEEN� THE�
point� where� muid� enters� a� pipe� and� the�
POINT�AT�WHICH�IT�LEAVES��

4/4!,�$9.!-)#�(%!$�OR�4$(��
4$(� AND� CAPACITY� REQUIRED� DETERMINES�
PUMP� SIZE�� 4HE� TOTAL� PRESSURE� OR� HEAD�
THE�PUMP�MUST�DEVELOP�IS�THE�SUM�OF�THE�
6%24)#!,� ,)&4�%,%6!4)/.�� 4(%� 3%26)#%�
02%3352%�� 05-0).'� ,%6%,�� AND� 4(%�
&2)#4)/.� ,/33�� !LL� OF� THESE� MEASURE

MENTS� MUST� BE� EXPRESSED� IN� THE� SAME�
UNITS�� USUALLY� FEET� OF� HEAD� OR� PRESSURE�
�03)	��BEFORE�ADDING�THEM�TOGETHER��
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2
Service

Pressure

4
Total

Discharge
Head

(Pressure)

1
Vertical

Lift

3
Friction

Loss

Well Point
(if used)

Horizontal
Check Valve

Vertical
Check Valve

Pressure Gauge

Pressure Switch

Well
Seal

Foot
Valve

5
Pumping

Level

Horizontal & Vertical Pipe Run
All pipe from pump to tank

3
5

Deep Well

SINGLE PIPE SYSTEM

Pressure
Gauge

Pressure
Regulator

Pressure
Switch

Well
Seal

Jet Ejector

Foot Valve

To safety
switch or 
circuit breaker
panel

5
Pumping 

Level

TWO PIPE SYSTEM

Packer 
Ejector

Foot Valve

Reducing
Nipple

Turned
Coupling

Casing
Adapter

Cup Leathers

5

3
Friction

Loss

 TO HOUSE SERVICE

PRESSURE
TANK

Safety
Switch
Circuit
BreakerPressure

Gauge
Pressure Relief Valve

Drain Valve

4YPICAL�*ET�0UMP�)NSTALLATION
3(!,,/7�7!4%2
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!BOVEGROUND�0UMPS

&T�

&RICTION�,OSS
Water�mowing�through�piping�will�lose�head�depending�on�the�
size,� type�and� length�of�piping,�number�of�𿿿ttings,�and�mow�
RATE��%XAMPLE��0UMPING����'0-�THROUGH�����FT��OF��Ñ�PLASTIC�
PIPE�WITH���ELBOWS�WILL�CAUSE�A�FRICTION�LOSS�EQUAL�TO�

6ERTICAL�,IFT���%LEVATION
4HE�VERTICAL�DISTANCE�IN�FEET�FROM�THE�LOCATION�OF�THE�PUMP�
TO�THE�POINT�OF�HIGHEST�DELIVERY��E�G��FROM�A�PUMP�HOUSE�
near�the�well�to�the�second�moor�of�a�two�story�house)

�

�

�

4HE�DIFFERENCE�BETWEEN�SUBMERSIBLE�PUMP�AND�SURFACE�PUMP�SIZING�IS�THAT�SURFACE�PUMPS��INCLUDING�JET�PUMPS��SHOW�PERFORMANCE�IN�hCHARTEDv�FORM�
VERSUS�hCURVESv�FOR�SUBMERSIBLES��%XCEPT�FOR�THE�hPUMPING�LEVELv��WHICH� IS�SHOWN�IN�FEET�IN�THE�CHARTS	�ALL�OTHER�HEAD�LIFT� REQUIREMENTS�SHOULD�BE�
CONVERTED�TO�03)'�FOR�SURFACE�PUMP�SIZING���&EET�8��������03)'��0OUNDS�PER�3QUARE�)NCH�'AUGE	�

3ERVICE�0RESSURE
4HE�AVERAGE�PRESSURE�SWITCH�SETTING��
%XAMPLE�������SWITCH������(0	������03)'�AVERAGE������(0�AND�LARGER�PUMPS�
HAVE�������SWITCH�SETTINGS	������03)'�AVERAGE

�

3EE�&RICTION�,OSS�#HARTS�ON�0AGE���

�

&EET�OF�0IPE�???????????$IAMETER�OF�0IPE�??????????

4YPE�OF�0IPE�??????????????????????????????????

����FT�������FT���ELBOW�LOSS	
����FT�

8������FT��LOSS�PER����g	�������g�8������������03)'

0UMPING�,EVEL�$EPTH�TO�7ATER� � �
4HE�VERTICAL�DISTANCE�IN�FEET�FROM�THE�PUMP�TO�THE�WATER�LEVEL�INCLUDING�
DRAW�DOWN�LEVEL�
�IF�ANY��)N�3HALLOW�7ELL�SYSTEMS��REFERRED�TO�AS�SUCTION�
LIFT�HEAD�AND�IS�LIMITED�TO����OR����FEET�AT�SEA�LEVEL��DEDUCT����SUCTION�
CAPABILITY�FOR�EACH�������ABOVE�SEA�LEVEL	��

.OTE��&RICTION� LOSSES� ��	� IN�THE� SUCTION�PIPING�MUST�BE�ADDED�TO�THE�
PUMPING�LEVEL�FOR�TOTAL�SUCTION�LIFT�

$EEP�7ELL�JET�PUMP�CHARTS�INCLUDE�THE�FRICTION�LOSSES�IN�THE�VERTICAL�PIPING�
ONLY��3EE�PAGE����IF�LONG�HORIZONTAL��OFFSET�PIPING�CANNOT�BE�AVOIDED�

03)'&EET

8�����

03)'

03)'&EET

8�����

4OTAL�$YNAMIC�$ISCHARGE�(EAD�s������������
03)'

$ETERMINING�&LOW�2ATE� � � � � �
Although�methods�will�vary,�in�general,� the�Water�Systems�Council�bases�pump�mow�selection�for�a�
RESIDENTIAL� SYSTEM�ON� TOTAL�GALLON� USAGE�DURING� A�SEVEN�MINUTE�PEAK� DEMAND�PERIOD��4HIS� CAN�BE�
SUPPLEMENTED�BY�USING�A�PROPERLY�SIZED�PRESSURE�TANK�

&ARMS��IRRIGATION��AND�LAWN�SPRINKLERS�DEMAND�MORE�WATER�

.O�NEED�TO�
CONVERT

#HARTS�ARE�
IN�FEET

�

�

�

'ALLONS�0ER�-INUTE��OR�HOUR	�.EEDED� � � �
3EE�0AGE����FOR�WATER�DEMANDS

After�determining�TDH�and�mow�requirements�in�GPM�/�GPH,�match�these�numbers�
WITH�SURFACE�PUMP�CHARTS�IN�SECTIONS���AND���

)F���g�OR�LESS��
USE�SHALLOW�
WELL�CHARTS

)F�MORE�THAN���g�
USE�DEEP�
WELL�CHARTS

-/2%�!"/54���

6%24)#!,�,)&4��%,%6!4)/.�
4HE� VERTICAL� DISTANCE� BETWEEN� THE�
WELL� HEAD� AND� THE� LEVEL� AT� THE� POINT�
OF� USE�� )T� MUST� BE� !$$%$� TO� THE�
4OTAL� $YNAMIC�4OTAL� $ISCHARGE� (EAD�
IF� THE� INLET� IS� LOWER� THAN� THE� OUTLET�
AND� 35"42!#4%$� IF� THE� INLET� IS�
HIGHER�� !S�A� RULE� OF� GOOD� INSTALLATION�
PRACTICE��HOWEVER��PIPES�SHOULD�SLOPE�
CONTINUOUSLY�UPWARD�FROM�THE�INLET�TO�
THE� OUTLET� TO� PREVENT� ENTRAPMENT� OF�
AIR��

3%26)#%�02%3352%�� � �
4HE�RANGE�OF�PRESSURE�IN�THE�PRESSURE�TANK�
DURING�THE�PUMPING�CYCLE�

&2)#4)/.�,/33� �
4HE� LOSS� OF� PRESSURE� OR� HEAD� DUE� TO�
the� resistance� to� mow� in� the�pipe�and�
𿿿ttings.� Friction� loss� is� inmuenced�
by� pipe� size� and� muid� velocity,� and� is�
USUALLY�EXPRESSED�IN�FEET�OF�HEAD��

(/2):/.4!,�25.�� � �
4HE� HORIZONTAL� DISTANCE� BETWEEN� THE�
point�where�muid�enters�a�pipe�and�the�
POINT�AT�WHICH�IT�LEAVES��

4/4!,�$9.!-)#�4/4!,�
$)3#(!2'%�(%!$�OR�4$(�
4$(� AND� CAPACITY� REQUIRED�������������
DETERMINES� PUMP� SIZE�� 4HE� TOTAL�
PRESSURE� OR� HEAD� THE� PUMP� MUST�
DEVELOP� IS� THE� SUM� OF� 6ERTICAL� ,IFT�
%LEVATION�� 4HE� 3ERVICE� 0RESSURE��
AND� 4HE� &RICTION� ,OSS�� !LL� OF� THESE�
MEASUREMENTS� MUST� BE� EXPRESSED� IN�
THE� SAME� UNITS�� USUALLY� FEET� OF� HEAD�
OR� PRESSURE� �03)	�� BEFORE� ADDING� THEM�
TOGETHER�� &OR� ABOVEGROUND� PUMPS��
DISTANCE�TO�WATER� IN�FEET�ARE�SHOWN�IN�
THE�RESPECTIVE�CHARTS�

05-0).'�,%6%,�� �
4HE� LOWEST�WATER� LEVEL� REACHED�DURING�
PUMPING�OPERATION���3TATIC�LEVEL�MINUS�
DRAWDOWN	

34!4)#�/2�34!.$).'�7!4%2�,%6%,��
4HE� UNDISTURBED� LEVEL� OF� WATER� IN� THE�
WELL�BEFORE�PUMPING��.OT�AS�IMPORTANT�
AS�PUMPING�LEVEL�

$2!7$/7.� �
4HE�DISTANCE�THAT�THE�WATER�LEVEL�IN�THE�
WELL� IS� LOWERED� BY� PUMPING�� )T� IS� THE�
DIFFERENCE� BETWEEN� THE� 34!4)#� 7!4%2�
,%6%,�AND�THE�05-0).'�,%6%,��

7ELL�3IZE
�INSIDE�DIAMETER�

IN�INCHES	

?????????
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&RICTION�,OSS�
�#HARTS
,/33�/&�(%!$�).�&%%4��$5%�4/�&2)#4)/.�0%2�����&%%4�/&�0)0%

���v�0IPE
� &,/7� 34%%,� 0,!34)#
� 53�'!,� #
���� #
���
� -).� )$�����v� )$�����v

� ���� ����� ���
� ���� ����� ���
� ���� ����� ���
� ���� ����� ���
� ���� ����� ����
� ���� ����� ���
� ���� ����� ���
� ���� ������ ���
� ���� 

� � ����
� ���� 

� � ����

�v�0IPE
� &,/7� 34%%,� 0,!34)#
� 53�'!,� #
���� #
���
� -).� )$������v� )$������v

� �� ����� ����

� �� ����� ����

� �� ����� ����

� �� ����� ����

� �� ����� ����

� �� ����� ����

� ��� ����� ����

� ��� 

� � ����

� ��� 

� � ����

�����v�0IPE
� &,/7� 34%%,� 0,!34)#
� 53�'!,� #
���� #
���
� -).� )$������v� )$������v
� �� ����� ����

� �� ����� ����

� �� ����� ����

� �� ����� ����

� �� ����� ����

� ��� ����� ����

� ��� ����� ���

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ������ ���

� ��� 

� � ����

�����v�0IPE
� &,/7� 34%%,� 0,!34)#
� 53�'!,� #
���� #
���
� -).� )$�����v� )$�����v

� �� ����� ����

� �� ����� ����

� �� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ���

� ��� ����� ����

� ��� ����� ����

� ��� ����� ���

� ��� 

� � ����

� ��� 

� � �����

� &,/7� 34%%,� 0,!34)#
� 53�'!,� #
���� #
���
� -).� )$������v� )$������v

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ������ ���

� ��� ������ ���

� ��� 

� � ����

� ��� 

� � �����

� &,/7� 34%%,� 0,!34)#
� 53�'!,� #
���� #
���
� -).� )$������v� )$������v

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ���

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ������ ���

� ���� 

� � ����

� ���� 

� � ����

� ���� 

� � ����

� ���� 

� � ����

�v�0IPE �����v�0IPE
� &,/7� 34%%,� 0,!34)#
� 53�'!,� #
���� #
���
� -).� )$����v� )$������v

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ���

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ���� ����� ���

� ���� ����� ���

� ���� ����� ���

� ���� ����� ���

� ���� ����� ���

� &,/7� 34%%,� 0,!34)#
� 53�'!,� #
���� #
���
� -).� )$����v� )$������v

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ��� ����� ����

� ���� ����� ���

� ���� ����� ���

� ���� ����� ���

� ���� ����� ���

� ���� ����� ���

�v�0IPE �v�0IPE

%XAMPLE�
���'0-�WITH����PLASTIC�PIPE�HAS�������OF�LOSS�PER�����FT��
�IF�YOUR�RUN�IS����FT���MULTIPLY�BY�����IF�����FT��MULTIPLY�BY������ETC�

� � ���� ���� �� �⁄�� ��⁄�� �� ��⁄�

%15)6!,%.4�,%.'4(�/&�0)0%
./-).!,�3):%�&)44).'���0)0%

)NSERT�COUPLING� 0LASTIC� �� �� �� �� �� �� �

4HREADED�ADAPTER�
0LASTIC�OR�COPPER� #OPPER� �� �� �� �� �� �� �
TO�THREAD� 0LASTIC� �� �� �� �� �� �� �

� 3TEEL� �� �� �� �� �� �� �
����STANDARD�ELBOW� #OPPER� �� �� �� �� �� �� �
� 0LASTIC� �� �� �� �� �� �� ��

� � 0)0%���&4'�
� 490%�&)44).'� -!4%2)!,�
� ��!00,)#!4)/.� �.OTE��	 � � ���� ���� �� �⁄�� ��⁄�� �� ��⁄�

%15)6!,%.4�,%.'4(�/&�0)0%
./-).!,�3):%�&)44).'���0)0%

� � 0)0%���&4'�
� 490%�&)44).'� -!4%2)!,�
� ��!00,)#!4)/.� �.OTE��	

� 3TEEL� �� �� �� �� �� ��� �
3TANDARD�TEE� #OPPER� �� �� �� �� �� ��� ��
&LOW�THROUGH�SIDE� 0LASTIC� �� �� �� ��� ��� ��� ��

'ATE�VALVE� .OTE��� �� �� �� �� �� �� �

3WING�CHECK�VALVE� .OTE��� �� �� �� �� ��� ��� ��

Loss�through�𿿿ttings�in�terms�of�equivalent�lengths�of�pipe

.OTE����Loss�𿿿gures�are�based�on�equivalent�lengths�of�indicated�pipe�material

.OTE����Loss�𿿿gures�are�for�screwed�valves�and�are�based�on�equivalent�lengths�of�steel�pipe

.OTE����Loss�𿿿gures�for�copper�lines�are�approximately�10%�higher�than�shown�for�plastic
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0RESSURE�4ANK�
�3IZING
4!.+�/0%2!4)/.3

Precharge Air
Pressure

Air Pressure
Increasing

Pressure
Switch Cut-Out

Pressure
Air Pressure
Decreasing

Pressure
Switch Cut-In

Pressure

Tank empty
Pump comes
on and cycle

begins

1
Tank is filling

2
Tank is full

Pump turns off

3
Water is

being used

4
Tank is nearly

empty and pump
comes on to
repeat cycle

5

7HY�DO�)�NEED�A�TANK�� � � � � � � �
4HERE�ARE�FOUR�MAIN�REASONS�TO�INCLUDE�A�TANK�IN�YOUR�SYSTEM�
� ���4O�PROTECT�AND�EXTEND�THE�LIFE�OF�THE�PUMP�BY�REDUCING�THE�NUMBER�OF�CYCLES�
� ���4O�PROVIDE�STORAGE�OF�WATER�UNDER�PRESSURE�FOR�DELIVERY�BETWEEN�CYCLES�
� ���4O�HAVE�RESERVE�CAPACITY�FOR�PERIODS�OF�PEAK�DEMAND�
� ���4O�REDUCE�SYSTEM�MAINTENANCE�

#ONTROL�"OX�
(OW�DO�)�CHOOSE�A�TANK�FOR�MY�SYSTEM�� � � �
#HOOSING� THE�PROPER� TANK�FOR�YOUR�PUMPING�SYSTEM�WILL�GREATLY�REDUCE�THE� RISK�OF�PREMATURE�PUMP�FAILURE��-OST�MANUFACTURERS�RECOMMEND�A�
MINIMUM�RUN�TIME�OF�ONE�MINUTE�IN�ORDER�TO�PROTECT�THE�PUMP�AND�THE�PUMP�MOTOR��4HE�LARGER�THE�TANK�THE�LONGER�THE�RUNNING�TIME�AND�FEWER�
PUMP�CYCLES�WILL�RESULT�IN�LONGER�PUMP�LIFE��/NE�(0�AND�LARGER�PUMPS�REQUIRE�LONGER�RUN�TIMES�

4O�DETERMINE�THE�PROPER�SIZE�OF�TANK��THERE�ARE�THREE�FACTORS�TO�CONSIDER��� � � �
� 1.�Pump�mow�rate�in�gallons�per�minute� � � � � � � � �
� ���$ESIRED�RUN�TIME�OF�THE�PUMP� � � � � � � � � �

� ���#UT
IN�AND�CUT
OUT�PSI�OF�THE�PRESSURE�SWITCH

&ROM�THESE�FACTORS�YOU�CAN�DETERMINE�THE�TANK�DRAWDOWN�WITH�THE�FOLLOWING�EQUATION��

Pump�mow�rate�X�run�time�=�tank�drawdown�capacity�required.

4ANK�DRAWDOWN�CAPACITY�IS�THE�MINIMUM�AMOUNT�OF�WATER�STORED�AND�OR�DELIVERED�BY�THE�PRESSURE�TANK�BETWEEN�PUMP�SHUT
OFF�AND�PUMP�RE
START��
This�should�not�be�confused�with�“tank�volume.”�For�example,�a�pre-charged�tank�with�a�tank�volume�of�20�gallons�has�only�𿿿ve�to�seven�gallons�
DRAWDOWN�CAPACITY�DEPENDING�ON�THE��CUT
IN���CUT
OUT��ON�OFF	�SETTING�OF�THE�PRESSURE�SWITCH�

Pumps�with�mow�rates�(capacities)�up�to�10�GPM�should�have�a�tank�with�a�minimum�of�one�gallon�drawdown�capacity�for�each�GPM�delivered�by�
THE�PUMP��%XAMPLE�����'0-�PUMP������GALLON�hDRAWDOWNv�

Pump�mow�rates�from�11�to�20�GPM�should�have�tank�drawdowns�approximately�1.5�times�the�GPM�rating.�

&OR�EXAMPLE�����'0-�8����������GALLON�hDRAWDOWNv�

Pump�mow�rates�above�20�GPM�should�have�tank�drawdowns�approximately�two�times�the�GPM�rating�and�multiple�tanks�should�be�considered.

!UTO$2)6%�6&$
The�total�tank�volume�should�be�approximately�20%�of�the�pump’s�maximum�mow.�For�example,�when�using�a�10�gpm�pump�the�system�requires�
A�MINIMUM���GALLON��TOTAL�VOLUME	�TANK�

3ET�PRESSURE�TANK�S�PRE
CHARGE�TO����PERCENT�OF�THE�SYSTEM�OPERATING�PRESSURE�

�#(%#+�9/52�4!.+�-!.5&!#452%2�3�#(!243�&/2�4!.+�$2!7$/7.�2!4).'�	
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4ECHNICAL�$ATA�
�'LOSSARY
!#)$)49�
�!�CONDITION�OF�WATER�WHEN�THE�P(�IS�BELOW����3EE�P(��

!,+!,).)49�
�!�CONDITION�OF�WATER�WHEN�THE�P(�IS�ABOVE����3EE�P(��

!15)&%2�
�A�water-saturated�geologic�unit�or�system�that�yields�water�to�wells�or�springs�at�a�suf𿿿cient�rate�that�the�wells�or�springs�can�serve�as�practical�sources�
OF�WATER��

!24%3)!.�7%,,�(mowing�and�non-mowing)�-�Well�in�which�the�water�rises�above�the�surface�of�the�water�in�the�aquifer�after�drilling�is�completed.�It�is�a�mowing�
ARTESIAN�WELL�IF�THE�WATER�RISES�ABOVE�THE�SURFACE�OF�THE�EARTH��

#%.42)&5'!,�
�#ONSISTS�OF�A�FAN
SHAPED�IMPELLER�ROTATING�IN�A�CIRCULAR�HOUSING��PUSHING�LIQUID�TOWARDS�A�DISCHARGE�OPENING��3IMPLE�DESIGN��ONLY�WEARING�PARTS�ARE�
the�shaft�seal�and�bearings�(if�so�equipped).�Usually�used�where�a�mow�of�liquid�at�relatively�low�pressure�is�desired.�Not�self-priming�unless�provided�with�a�priming�
reservoir�or�foot�valve:�works�best�with�the�liquid�source�higher�than�the�pump�(mooded�suction/gravity�feed).�As�the�discharge�pressure�(head)�increases,�mow�and�driven�
power�requirements�decrease.�Maximum�mow�and�motor�loading�occur�at�minimum�head.�

#(%#+�6!,6%�-�Allows�liquid�to�mow�in�one�direction�only.�Generally�used�in�suction�and�discharge�line�to�prevent�reverse�mow.�

#)34%2.�
�!�NON
PRESSURIZED�TANK��USUALLY�UNDERGROUND	�FOR�STORING�WATER��

#/!'5,!4)/.�
�4HE�CHEMICALLY�COMBINING�OF�SMALL�PARTICLES�SUSPENDED�IN�WATER��

#/.4!-).!4%$�7!4%2�
�7ATER�THAT�CONTAINS�A�DISEASE�CAUSING�OR�TOXIC�SUBSTANCES�

$%%0�7%,,� 
�5SE�A�PUMP��SUBMERSIBLE�OR�DEEP�WELL�JET	�TO�FORCE�WATER�UPWARD�FROM�A�PUMPING�ELEMENT�BELOW�THE�WELL�WATER�LEVEL��.OT�RESTRICTED�BY�SUCTION�LIFT�
LIMITATIONS�

$2!7$/7.�
�4HE�VERTICAL�DISTANCE�THE�WATER�LEVEL�DROPS�IN�A�WELL�PUMPED�AT�A�GIVEN�RATE��

$9.!-)#�(%!$�
�6ERTICAL�DISTANCES��IN�FEET	�WHEN�THE�PUMP�IS�RUNNING�PRODUCING�WATER�

&,//$%$�35#4)/.�-�Liquid�source�is�higher�than�pump�and�liquid�mows�to�pump�by�gravity�(Preferable�for�centrifugal�pump�installations).

&,/7�
�4HE�MEASURE�OF�THE�LIQUID�VOLUME�CAPACITY�OF�A�PUMP��'IVEN�IN�'ALLONS�0ER�(OUR��'0(	�OR�'ALLONS�0ER�-INUTE��'0-	��AS�WELL�AS�#UBIC�-ETERS�0ER�(OUR��#-0(	��
AND�,ITERS�0ER�-INUTE��,0-	�

&//4�6!,6%�
�!�TYPE�OF�CHECK�VALVE�WITH�A�BUILT
IN�STRAINER��5SED�AT�POINT�OF�LIQUID�INTAKE�TO�RETAIN�LIQUID�IN�THE�SYSTEM��PREVENTING�LOSS�OF�PRIME�WHEN�LIQUID�SOURCE�
IS�LOWER�THAN�PUMP��

&2)#4)/.�,/33�-�The�loss�of�pressure�or�head�due�to�the�resistance�to�mow�in�the�pipe�and�𿿿ttings.�Friction�loss�is�inmuenced�by�pipe�size�and�muid�velocity,�and�is�
USUALLY�EXPRESSED�IN�FEET�OF�HEAD��

'2!).3�0%2�'!,,/.�
�4HE�WEIGHT�OF�A�SUBSTANCE��IN�GRAINS��IN�A�GALLON��#OMMONLY��GRAINS�OF�MINERALS�PER�GALLON�OF�WATER�AS�A�MEASURE�OF�WATER�HARDNESS��
��GPG��������MGL��

'2/5.$�7!4%2�-�Water�that�has�𿿿ltered�down�to�a�saturated�geologic�formation�beneath�the�earth’s�surface.�

(!2$.%33�-).%2!,3�
�-INERALS�DISSOLVED�IN�WATER�THAT�INCREASE�THE�SCALING�PROPERTIES�AND�DECREASE�CLEANSING�ACTION�
�USUALLY�CALCIUM��IRON��AND�MAGNESIUM��

(%!$�
�!NOTHER�MEASURE�OF�PRESSURE��EXPRESSED�IN�FEET��)NDICATES�THE�HEIGHT�OF�A�COLUMN�OF�WATER�BEING�LIFTED�BY�THE�PUMP�NEGLECTING�FRICTION�LOSSES�IN�PIPING��

).#2534!4)/.�
�!�MINERAL�SCALE�CHEMICALLY�OR�PHYSICALLY�DEPOSITED�ON�WETTED�SURFACES��SUCH�AS�WELL�SCREENS��GRAVEL�PACKS��AND�IN�TEA�KETTLES��

).4%2-%$)!4%�34/2!'%�
�!�HOLDING�TANK�INCLUDED�IN�A�WATER�SYSTEM�WHEN�THE�WATER�SOURCE�DOES�NOT�SUPPLY�THE�PEAK�USE�RATE��

*%4�05-0�
�!�PUMP�COMBINING�TWO�PUMPING�PRINCIPLES�
�CENTRIFUGAL�OPERATION�AND�EJECTION��#AN�BE�USED�IN�SHALLOW�OR�DEEP�WELLS�

-),,)'2!-3�0%2�,)4%2��MG�L	�
�4HE�WEIGHT�OF�A�SUBSTANCE��IN�MILLIGRAMS�IN�A�LITER����MG�L�����OZ��PER������GALLONS��)T�IS�EQUIVALENT�TO���PPM��
3EE�0ARTS�PER�-ILLION��

.%542!,)49�
�!�CONDITION�OF�WATER�WHEN�THE�P(�IS�AT����3EE�P(�
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�'LOSSARY
/8)$!4)/.�
�!�CHEMICAL�REACTION�BETWEEN�A�SUBSTANCE�AND�OXYGEN��

0!,!4!",%�7!4%2�
�7ATER�OF�ACCEPTABLE�TASTE��-AY�ALSO�INCLUDE�NON
OFFENSIVE�APPEARANCE�AND�ODOR��

0!243�0%2�-),,)/.��PPM�
�!�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��%QUIVALENTS�TO�INDICATE�SMALL�SIZE�OF�THIS�UNIT����PPM�����OZ��PER������GALLONS����KERNEL�OF�CORN�IN����BUSHELS�����SQ��IN��IN�AN�ACRE��

0%!+�53%�2!4%�-�The�mow�rate�necessary�to�meet�the�expected�maximum�water�demand�in�the�system.�

P(�
�!�MEASURE�OF�THE�ACIDITY�OR�ALKALINITY�OF�WATER��"ELOW���IS�ACID��ABOVE���IS�ALKALINE��

0/,,54%$�7!4%2�
�7ATER�CONTAINING�A�NATURAL�OR�MAN
MADE�IMPURITY��

0/4!",%�7!4%2�
�7ATER�SAFE�FOR�DRINKING��

02%3352%�
�4HE�FORCE�EXERTED�ON�THE�WALLS�OF�A�CONTAINER��TANK�PIPE��ETC�	�BY�THE�LIQUID��-EASURED�IN�POUNDS�PER�SQUARE�INCH��03)	��

02)-%�
�!�CHARGE�OF�LIQUID�REQUIRED�TO�BEGIN�PUMPING�ACTION�OF�CENTRIFUGAL�PUMPS�WHEN�LIQUID�SOURCE�IS�LOWER�THAN�PUMP��-AY�BE�HELD�IN�PUMP�BY�A�FOOT�VALVE�ON�THE�
INTAKE�LINE�OR�A�VALVE�OR�CHAMBER�WITHIN�THE�PUMP�

2%,)%&�6!,6%�
�5SUALLY�USED�AT�THE�DISCHARGE�OF�A�PUMP��!N�ADJUSTABLE��SPRING
LOADED�VALVE�OPENS��OR�RELIEVES�PRESSURE�WHEN�A�PRE
SET�PRESSURE�IS�REACHED��5SED�
TO�PREVENT�EXCESSIVE�PRESSURE�AND�PUMP�OR�MOTOR�DAMAGE�IF�DISCHARGE�LINE�IS�CLOSED�OFF��

3(!,,/7�7%,,�
�5SE�A�PUMP�LOCATED�ABOVE�GROUND�TO�LIFT�WATER�OUT�OF�THE�GROUND�THROUGH�A�SUCTION�PIPE��,IMIT�IS�A�LIFT�OF������FEET�AT�SEA�LEVEL�

3/&4%.).'�
�4HE�PROCESS�OF�REMOVING�HARDNESS�CAUSED�BY�CALCIUM�AND�MAGNESIUM�MINERALS��

302).'�
�!�PLACE�ON�THE�EARTH�S�SURFACE�WHERE�GROUND�WATER�EMERGES�NATURALLY��

34!4)#�(%!$�
�6ERTICAL�$ISTANCE��IN�FEET	�FROM�PUMP�TO�POINT�OF�DISCHARGE�WHEN�THE�PUMP�IS�NOT�RUNNING�

342!).%23�
�!�DEVICE�INSTALLED�IN�THE�INLET�OF�A�PUMP�TO�PREVENT�FOREIGN�PARTICLES�FROM�DAMAGING�THE�INTERNAL�PARTS��

35"-%2'%.#%���3%44).'�-�The�vertical�distance�between�PUMPING�LEVEL�and�the�bottom�of�the�pump�or�jet�assembly.�Submergence�must�be�suf𿿿cient�to�insure�
THAT�THE�SUCTION�OPENING�OF�THE�PUMP�OR�JET�ASSEMBLY�IS�ALWAYS�COVERED�WITH�WATER��WHILE�MAINTAINING�ENOUGH�CLEARANCE�FROM�THE�BOTTOM�OF�THE�WELL�TO�KEEP�IT�OUT�OF�
SEDIMENT��AT�LEAST����FOOT�CLEARANCE�IS�RECOMMENDED	��#OULD�BE�USEFUL�WHEN�CALCULATING�FRICTION�LOSS�

35"-%23)",%�-�A�pump�which�is�designed�to�operate�totally�submersed�in�the�muid�which�is�being�pumped.�With�water-proof�electrical�connections,�using�a�motor�
WHICH�IS�COOLED�BY�THE�LIQUID��

35-0�-�A�well�or�pit�in�which�liquids�collect�below�moor�level.

352').'�
�&ORCING�WATER�BACK�AND�FORTH�RAPIDLY�AND�WITH�MORE�THAN�NORMAL�FORCE�IN�A�WELL�OR�OTHER�PART�OF�THE�WATER�SYSTEM��

4/4!,�(%!$�
�4HE�SUM�OF�DISCHARGE�HEAD�SUCTION�LIFT�AND�FRICTION�LOSSES��

6)3#/3)49�-�The�thickness�of�a�liquid,�or�its�ability�to�mow.�Temperature�must�be�stated�when�specifying�viscosity,�since�most�liquids�mow�more�easily�as�they�get�
WARMER��4HE�MORE�VISCOUS�THE�LIQUID�THE�SLOWER�THE�PUMP�SPEED�REQUIRED��

7!4%2�4!",%�7%,,�
�!�WELL�WHERE�THE�WATER�LEVEL�IS�AT�THE�SURFACE�OF�THE�AQUIFER��

7!4%2�42%!4-%.4�
�!�PROCESS�TO�IMPROVE�THE�QUALITY�OF�WATER��

7!4%2�7%,,�
�!�MAN
MADE�HOLE�IN�THE�EARTH�FROM�WHICH�GROUND�WATER�IS�REMOVED��

7%,,�$%6%,/0-%.4�
�!�PROCESS�TO�INCREASE�OR�MAINTAIN�THE�YIELD�OF�A�WELL��
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,%.'4(
MM� MILLIMETER������������������������������ � INCHES� IN
CM� CENTIMETERS������������������������������ �� INCHES� IN
M� METERS�������������������������������������� ��� FEET� FT
M� METERS�������������������������������������� ��� YARDS� YD
KM� KILOMETERS�������������������������������� ���� MILES� MI

!2%!
CM�� SQUARE�CENTIMETERS���������������� ����� SQUARE�INCHES� IN�
M�� SQUARE�METERS�������������������������� ���� SQUARE�YARDS� YD�

KM�� SQUARE�KILOMETERS�������������������� ���� SQUARE�MILES� MI�
HA� HECTARES���������M�	�������������� ���� ACRES

-!33��WEIGHT	
G� GRAMS���������������������������������� ������ OUNCES� OZ
KG� KILOGRAMS��������������������������������� ���� POUNDS� )B
T� TONNES�����KG	������������������������ ���� SHORT�TONS

6/,5-%
ML� MILLILITERS�������������������������������0.03� muid�ounces� n�oz
L� LITERS���������������������������������������� ���� PINTS� PT
L� LITERS�������������������������������������� ���� QUARTS� QT
L� LITERS�������������������������������������� ����� GALLONS� GAL
M�� CUBIC�METERS�������������������������� ���� CUBICFEET� TT�

M�� CUBIC�METERS���������������������������� ��� CUBIC�YARDS� YD�

M�� CUBIC�METERS������������������������ ������ GALLONS� GAL�

&/2#%�!2%!
K0A� KILOPASCALS��������������������������� ����� POUND�FORCE�IN�� PSI�
BAR� BAR����������������������������������������� POUND�FORCE�IN�� PSI

-ETRIC� X� #ONVERSION�&ACTOR� ���� #USTOMARY #USTOMARY� X� #ONVERSION�&ACTOR� �� -ETRIC

4O�SPRINKLE����Ñ�OF�WATER�ON�EACH�
� � �����SQ��FT��OF�LAWN������������������������������������������������������������������� GAL�
$ISHWASHER��������������������������������������������������������������������
���GAL�� ���'0-
7ASHER����������������������������������������������������������������� UP�TO����GAL�� ��
��'0-
2EGENERATION�OF�WATER�SOFTENER�������������������������������������������� UP�TO�����GAL�

Average�mow�rate�requirements�by�various�𿿿xtures
'0-���'A)��PER�MINUTE�s�'0(����'AL��PER�HOUR

3HOWER������������������������������������������������������������������������������������������� �
� '0-
"ATHTUB������������������������������������������������������������������������������������������ �
��'0-
4OILET��������������������������������������������������������������������������������������������������� '0-
,AVATORY�����������������������������������������������������������������������������������������������'0-

+ITCHEN�SINK�����������������������������������������������������������������������������������������'0-
���Ñ�HOSE���NOZZLE�������������������������������������������������������������������������������'0-
���Ñ�(OSE���NOZZLE�������������������������������������������������������������������������������'0-
,AWN�SPRINKLER������������������������������������������������������������������������������� �
��'0-

Average�water�requirements�for�general�service�
AROUND�THE�HOME�AND�FARM

%ACH�PERSON��PER�DAY�FOR�ALL�PURPOSES�������������������������������������������������GAL�
%ACH�HORSE��DRY�COW�OR�BEEF�ANIMAL����������������������������������������������������� GAL�
%ACH�MILKING�COW�������������������������������������������������������������������������������� GAL�

%ACH�HOG�PER�DAY����������������������������������������������������������������������������������GAL�
%ACH�SHEEP�PER�DAY�������������������������������������������������������������������������������GAL�
&OR�����CHICKENS�PER�DAY����������������������������������������������������������������������GAL�

Average�amount�of�water�required�by�various�
home�and�yard�𿿿xtures

$RINKING�FOUNTAIN��������������������������������������������������������������� ��
����GAL��DAY
%ACH�SHOWER���������������������������������������������������������������� GAL�� ���'0-
To�𿿿ll�bathtub���������������������������������������������������������������������������������������GAL�
To�mush�toilet���������������������������������������������������������������������������������� �
��GAL�
To�𿿿ll�lavatory���������������������������������������������������������������������������������� �
��GAL�

,%.'4(
IN� INCHES������������������������������������ ����� CENTIMETERS� CM
FT� FEET���������������������������������������� ��� CENTIMETERS� CM
YD� YARDS���������������������������������������� ��� METERS� M
MI� MILES���������������������������������������� ��� KILOMETERS� KM

!2%!
IN�� SQUARE�INCHES�������������������������� ���� SQUARE�CENTIMETERS� CM�

FT�� SQUARE�FEET����������������������������� �� SQUARE�METERS� M�
YD�� SQUARE�YARDS���������������������������� ���� SQUARE�METERS� M�

MI�� SQUARE�MILES���������������������������� ��� SQUARE�KILOMETERS� KM�
A� ACRES���������������������������������������� ���� HECTARES� HA

-!33��WEIGHT	
OZ� OUNCES�������������������������������������� ��� GRAMS� �
)B� POUNDS����������������������������������� ����� KILOGRAMS� KG
� SHORT�TONS�������)B	����������������� ���� TONNES� T

6/,5-%
TSP� TEASPOONS����������������������������������� �� MILLILITERS� ML
TBSP� TABLESPOONS������������������������������ MILLILITERS� ML
m�oz� muid�ounces������������������������������ ��� MILLILITERS� ML
C� CUPS��������������������������������������� �� LITERS
PT� PINTS�������������������������������������� ����� LITERS
QT� QUARTS����������������������������������� LITERS
GAL� GALLONS������������������������������������� �� LITERS
FT�� CUBIC�FEET������������������������������� ����� CUBIC�METERS� M�
YD�� CUBIC�YARDS���������������������������� ����� CUBIC�METERS� M�

GAL� GALLONS���������������������������� ������ CUBIC�METERS� M�

&/2#%�!2%!
PSI� POUND�FORCE�IN��������������������� KILOPASCALS� K0A
PSI� POUND�FORCE�IN����������������������� ���� BAR� BAR
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/FFSET�*ET�0UMP�
�0IPE�&RICTION

#%.42)&5'!,�05-03��\��&/2-5,!3��\��#/.6%23)/.�&!#4/23

Lbs.�per�square�in.�=�Head�in�ft.�x�.433�•�Head�in�ft.�=�lbs.�per�sq.�in.�x�2.31'

0IPE�VELOCITY��FT��PER�SECOND	�� ��

6ELOCITY�HEAD��FEET	� �

7ATER�HORSEPOWER� �

"RAKE�HORSEPOWER��PUMP	� �

Ef𿿿ciency�(pump)� �� �

"RAKE�HORSEPOWER��MOTOR	� �

Pressure�(lbs.�per�sq.�in.)� �� ���������������

(EAD�FEET� ���

�����X�'0-
nnnnnnnnnnnnn
�PIPE�DIAMETER	�

�����X�'0-
nnnnnnnnnn
PIPE�AREA

�PIPE�VELOCITY�FT��PER�SECOND	�
nnnnnnnnnnnnnnnnnnnnnn

����

GPM�x�head�in�ft.�x�speci𿿿c�gravity
nnnnnnnnnnnnnnnnnnnnnnnnnnnn

����

GPM�x�head�in�ft.�x�speci𿿿c�gravity
nnnnnnnnnnnnnnnnnnnnnnnnnnnn

3960�x�pump�ef𿿿ciency

GPM�x�head�in�ft.�x�speci𿿿c�gravity
nnnnnnnnnnnnnnnnnnnnnnnnnnnn

�����X�"(0
7(0
nnnn
"(0

Watts�input�x�motor�ef𿿿ciency
nnnnnnnnnnnnnnnnnnnnnnnn

���

,BS��PER�SQ��IN��X�����g
nnnnnnnnnnnnnnnnn

Speci𿿿c�gravity

(EAD�FT��X�
speci𿿿c�gravity�x�
����

Head�ft.�x�speci𿿿c�gravity
nnnnnnnnnnnnnnnnnnnnn

����g
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� �� � � � � ��� ��� �� �
� �� � � � � � � ��� �� �� �

� *%4�3):%�(0� ��⁄��X��� ��⁄��X���⁄�� ��⁄��X���⁄�� ��⁄��X���⁄�� ��X���⁄�� ��X��� ��⁄��X��� ��⁄��X���⁄�� ��X���⁄�� ��X��

7HEN�THE�JET�PUMP�IS�OFFSET�HORIZONTALLY�FROM�THE�WELL�SITE��ADD�THE�FOLLOWING�DISTANCES�TO�THE�VERTICAL�LIFT�TO�APPROXIMATE�CAPACITY�TO�BE�RECEIVED�
&RICTION�LOSS�IN�FEET�PER�����FEET�OFFSET�s�&RICTION�LOSS�IS�TO�BE�ADDED�TO�VERTICAL�LIFT

)NSTALLATION�OF�A�,ONG�4AIL�0IPE�ON�$EEP�7ELL�*ET�0UMPS�
The�pumping�capacity�of�a�deep�well�jet�pump�can�be�reduced�to�equalize�with�the�well�mow�by�installing�a�35�
FOOT�TAIL�PIPE�BELOW�THE�JET�ASSEMBLY�

With�a�tail�pipe,�pump�delivery�remains�at�100%�of�capacity�down�to�the�ejector�level.�If�water�level�falls�below�
that,�mow�decreases�in�proportion�to�drawdown�as�shown�by�𿿿gures.�When�delivery�equals�well�inmow,�the�water�
LEVEL�REMAINS�CONSTANT�UNTIL�THE�PUMP�SHUTS�OFF��4HE�PUMP�WILL�NOT�LOSE�PRIME�WITH�THIS�TAIL�PIPE�ARRANGEMENT�

%XAMPLE��6ERTICAL�DISTANCE�TO�WATER�IS����FEET��BUT�A�����FEET�HORIZONTAL���OFFSET��RUN�OF�PIPING	�IS�REQUIRED��!�����
(0�JET�PUMP�IS�USED�SO�THE�CAPACITY�SHOULD�BE�TAKEN�FROM�THE�h��g�DEPTH�TO�WATERv�PERFORMANCE��
&OR�EXAMPLE�����FEET�TO�WATER������FEET�FRICTION�LOSS��WITH�������X�������TWO�PIPE�SYSTEM	������FEET��WHICH�IS�
APPROXIMATELY����FEET�

-HW�6HWWLQJ

7DLO�3LSH���
�ORQJ

0D[LPXP�3RVVLEOH
'UDZGRZQ

6WDQGLQJ�/HYHO

3XPS�&DSDFLW\
�����DW�UDWHG�*30

���IW��VXFWLRQ�OLIW�������UDWHG�*30
���IW��VXFWLRQ�OLIW�������UDWHG�*30
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