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Introduction
The San Dimas Technology and Development Center (SDTDC) was asked to perform an evaluation of suction hose 
and determine if there would be an advantage in using 2-inch suction hose instead of 1½-inch suction hose with 
portable pumps such as the Mark 3. Suction hose is used to draft water from natural water sources and from portable 
tanks during wildland firefighting operations.

The Mark 3 Pump Kit (NFES 0870) is supplied through the National Interagency Support Cache System. In addition 
to the pump, the kit comes with one 10-foot length of 1½-inch suction hose (NFES 0115), a foot valve (NFES 0212), a 
check-and-bleeder valve (NFES 0228), as well as other components.

A foot valve is used on the suction hose intake to maintain prime and to prevent reverse waterflow through the pump 
on an uphill hose lay when the pump is not running. A typical foot valve is shown in figure 1. Suction strainers (also 
known as bell strainers) also are used on the intake of suction hoses and prevent contact with the bottom of the water 
source. See figure 2. Foot valves and suction strainers have screens that prevent the intake of pebbles, rocks, and 
other material harmful to the pump and engine plumbing. Check-and-bleeder valves are installed on the discharge of 
a pump and perform the same function as a foot valve when the pump is not running – they maintain prime and shut 
off automatically to prevent backflow through the pump (holding water in an uphill hose lay). 

            
 Figure 1—Foot valve. Figure 2—Suction strainer.  Figure 3—Check-and-bleeder valve.

Comparison of 1½- and 2-Inch Suction Hose When Used With Portable Pumps
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Tech Tip Highlights
ß There is no advantage to using 2-inch suction hose under operating conditions found 

most frequently in the field.
ß At higher lift conditions, 2-inch suction hose results in less deterioration of pump 

performance than 1½-inch suction hose, particularly when a foot valve is used.
ß In order to improve the performance of portable pumps, use a check-and-bleeder valve 

on the pump discharge instead of a foot valve on the pump intake.
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Test Conditions
Testing was conducted with a Mark 3 pump (qualified to U.S. Department of Agriculture (USDA) Forest Service 
specification 5100-274)1. Two hose sizes (1½ and 2 inch) and two hose lengths (10 feet and 24 feet) were tested. The 
24-foot length of hose was made up of three individual 8-foot sections. For each test condition (hose length and lift), 
testing was performed with two different hose-end conditions – a foot valve and a suction strainer. Note: A 2½-inch 
NH suction strainer was adapted to a 2-inch NPSH because a 2-inch suction strainer was not available.

The following scenarios/conditions were evaluated:

ß 10-foot-long suction hose tested at 2½-foot lift (4 tests).
ß 24-foot-long suction hose tested at 2½-foot lift (4 tests).
ß 24-foot long suction hose tested at 10-foot lift (4 tests).

Lift is defined as the vertical distance between the water source surface and the centerline of the pump. 

The 2½-foot lift represents an operating condition found frequently in the field, and the 10-foot lift condition is 
consistent with the test requirements of National Fire Protection Association (NFPA) 1906, Standard for Wildland 
Fire Apparatus, 2006 edition. NFPA 1906 requires that priming and pumping tests be conducted at a 10-foot lift with 
a minimum 20-foot length of suction hose equipped with a suction strainer. Portable pumps should be capable of 
priming and pumping water from a 17-foot lift at sea level.

Tests were conducted at SDTDC, at an elevation of approximately 1,000 feet.

Test Methodology

1. A valve was installed on the discharge side of the pump, and pressure and flow transducers were installed 
between the pump and the valve for accurate data measurement.

2. The pump was primed and set to maximum throttle (maximum performance). Each test was started with the 
valve completely open, allowing the pump to operate at maximum flow rate and minimum pressure.

3. The valve was then closed slowly. As the valve closed, pressure increased and flow decreased. The valve was 
closed until maximum pressure (maximum pump close-off pressure) was attained and flow stopped. Pressure 
and flow were monitored continuously and automatically recorded during the test.

4. Pump performance curves were created from the pressure and flow data.
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Test Results

2½-foot lift, 10-foot length of suction hose

Note: This test condition represents a pump being used with the standard cache kit contents, i.e., close to the 
water source.

Suction strainer: There was no difference in performance between 1½-inch and 2-inch suction hose.

Foot valve: There was a difference in performance between 1½-inch and 2-inch suction hose at operating 
pressures below 100 pounds per square inch (psi), reaching a maximum difference of 16 gallons per minute 
(gal/min) at wide-open flow. Above 100 psi, there was no difference in performance between the two hose 
sizes.

Figure 4 shows the graphical results of the test data.

Figure 4—Pump performance for a 10-foot length of suction hose at a 2½-foot lift.
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2½-foot lift, 24-foot length of suction hose

Note: This test condition represents a pump being used at a greater distance from the water source with minimal 
elevation gain from the water source to the pump.

Suction strainer: There was a slight difference in performance between 1½-inch and 2-inch suction hose at very low 
operating pressures (below 50 psi). Above 50 psi, there was no difference in performance between the two hose 
sizes.

Foot valve: There was a difference in performance between 1½-inch and 2-inch suction hose below 150 psi, reaching 
a maximum difference of 26 gal/min at wide-open flow. Above 150 psi, there was no difference in performance 
between the two hose sizes.

Figure 5 shows the graphical results of the test data.

Figure 5. Pump performance for a 24-foot length of suction hose at a 2½-foot lift.



5

10-foot lift, 24-foot length of suction hose

Suction strainer: There was a difference in performance between 1½-inch and 2-inch suction hose at pressures below 
100 psi, reaching a maximum difference of 14 gal/min at wide-open flow. Above 100 psi, there was no difference in 
performance between the two hose sizes.

Foot valve: There was a significant difference in performance between 1½-inch and 2-inch suction hose below 150 
psi, reaching a maximum difference of 33 gal/min at wide-open flow. Above 150 psi, there was no difference in 
performance between the two hose sizes.

Figure 6 shows the graphical results of the test data.

Figure 6—Pump performance for a 24-foot length of suction hose at a 10-foot lift.
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Conclusions

ß At lifts up to 10 feet and suction hose lengths up to 24 feet:

o Regardless of end condition (foot valve or suction strainer) there was no difference between 1½-inch suction 
hose and 2-inch suction hose above 150 psi operating pressure.

o When suction strainers were used, there was no difference in performance between 1½-inch and 2-inch 
suction hose above 100 psi operating pressure.

ß Under operating conditions found most frequently in the field, i.e., low lifts with pump close to water source at 
pressures above 100 psi, there was no advantage to using 2-inch suction hose.

ß As lift increased, 2-inch suction hose resulted in less deterioration of pump performance than 1½-inch suction 
hose, particularly when a foot valve was used.

ß There was no decrease in performance with 2-inch suction hose when lift was increased from 2.5 feet to 10 
feet, with or without a foot valve. 

ß 1½-inch suction hose has over four times the friction loss of 2-inch suction hose. Friction loss is negligible for 
short lengths of suction hose, but starts becoming important as hose length increases.

Recommendations

ß Based on the results of this evaluation, there is no need to change the suction hose size in the Mark 3 Pump 
Kit.

 
ß Suction strainers offer a performance advantage over foot valves and should be considered for addition to the 

Mark 3 Pump Kit.

ß If 1½-inch suction hose is used, install a check-and-bleeder valve on the pump discharge and use a suction 
strainer instead of a foot valve on the suction hose intake. 

ß Two-inch suction hose is recommended:

o If foot valves are used on the suction hose intake.
o At high lift conditions (10 feet and higher). 
o When drafting long distances (over 20 feet horizontally).

Tips – Using Portable Pumps for Hose Lays

1. Follow operational procedures. A pump can be ruined in minutes if proper operational procedures are not 
followed.

2. Keep the pump as close to the water source elevation as possible as the maximum vertical lift (water source 
to the pump) for most pumps is about 22 feet at sea level. As lift is increased, pump performance decreases.

3. Do not use longer suction hose than necessary.

4. For good priming, remove any humps in the suction hose.

5. For consistent priming: With the pump not running, prime from the discharge side of the pump. With the pump 
running, prime from the suction side of the pump.
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6. For higher pump output at low discharge pressures, use a check valve on the discharge side of the pump 
instead of a foot valve at the end of the suction hose.

7. Protect the pump from sucking sand, silt, or gravel by using a suction strainer and putting the suction hose 
intake in a pail or on a shovel.

8. Use a “check-and-bleeder” or “shutoff valve” on the discharge side of the pump near the pump when pumping 
uphill to prevent draining the hose lay (by backflow) when the pump is not running. Note: A check-and-bleeder 
valve operates automatically, whereas a shutoff valve must be operated manually.

9. Know your water source. Some natural sites may have other water-use demands. Water levels and flows 
can change on a daily basis. Check the pump site and available water levels before conducting continuous 
operations.
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The information contained in this publication has been developed for the guidance of employ-
ees of the Forest Service, U.S. Department of Agriculture, its contractors, and cooperating 
Federal and State agencies. The Forest Service assumes no responsibility for the interpreta-
tion or use of this information by other than its own employees. The use of trade, firm, or 
corporation names is for the information and convenience of the reader. Such use does not 
constitute an official evaluation, conclusion, recommendation, endorsement, or approval of 
any product or service to the exclusion of others that may be suitable.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and 

activities on the basis of race, color, national origin, age, disability, and where applicable, sex, 
marital status, familial status, parental status, religion, sexual orientation, genetic information, 
political beliefs, reprisal, or because all or part of an individual’s income is derived from any 
public assistance program. (Not all prohibited bases apply to all programs.) Persons with 
disabilities who require alternative means for communication of program information (Braille, 
large print, audiotape, etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, 
1400 Independence Avenue, S.W., Washington, D.C. 20250-9410, or call (800) 795-3272 

(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and employer.
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(Footnotes)
1 Although testing was conducted with a Mark 3 pump, similar results would have been obtained for the Mercedes Textiles Wick 
375 pump.  The Wick 375 is also USDA Forest Service-qualified and is interchangeable in the field with the Mark 3.


