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TEST GOALS



TEST GOALS
The following information represents the 
goals for testing and analysis:

1. Establish the velocity requirements for 
counter-current flow based on empirical 
data.

2. Implementation of the test results in a 
manner that adheres to the basic rules of 
fluid mechanics.



DEFINITIONS



1. Absolute Pressure:  The sum of the available atmospheric pressure 
and the gage pressure.  The pressure that would occur at absolute 
vacuum.

2. Absolute Temperature: Temperature measured or calculated on 
an absolute scale.  Equates to 273.15 + Temperature in °C or 460 + 
Temperature in °F.

3. Concurrent LFG Flow Direction: The direction of LFG conveyance 
in which the LFG and condensate are flowing in the same direction 
through the pipe network by design.  Typically, this occurs when the 
LFG and condensate are both flowing towards the low spot in the 
pipe network designed to manage condensate.

DEFINITIONS



4. Counter-Current LFG Flow Direction: The direction of LFG 
conveyance in which the LFG is flowing in one direction of the 
pipe network; while, the condensate is draining in the opposite 
direction within the pipe network by design.  Typically, this 
occurs when the LFG is flowing away from the low spot in the 
pipe network as the condensate is draining towards the low 
spot in the pipe network designed to manage condensate.

5. Creep Testing: Testing performed to find out when Liquid 
Creep occurs.

6. Creep Velocity:  The velocity observed to cause water to be 
drawn up-slope through the pipe at an extremely slow rate.

DEFINITIONS (CONTD.)



7. Erosional Velocity:  The upper limit of the gas velocity in a 
pipeline.

8. Liquid Creep/Creep:  Describes the liquid being slowly 
drawn up through the pipe into the flexible hose by the 
vacuum emanating from the blower.  This represents an 
unacceptable counter-current flow situation.

9. STP:  Standard, Temperature, and Pressure.  68°F	and	14.7	psia.

10. Velocity Pressure:  Defined as the total pressure minus the 
static pressure.  The velocity pressure is used to calculate the 
velocity of the fluid traveling through the pipe network.

DEFINITIONS (CONTD.)



LIMITATIONS



1. The test was not performed in a laboratory; however, the 
testing did take place in an enclosed area to minimize the 
effects of blowing wind.

2. The observations associated with establishing the creep 
velocity was somewhat subjective.

3. The original meter used to test for temperature in the pipe 
malfunctioned in the middle of the test.  A second meter that 
was used for comparison purposes early on was used as a 
replacement.  The replacement meter typically read about 1°F 
higher than the original meter; thus, a 1°F adjustment was made 
to all readings acquired after failure of the previous meter.

4. We did not meter the water that was sprayed into the pipe.

LIMITATIONS



PROCEDURES



The following equipment was used to perform our velocity 
test:

1. Air blower with a variable frequency drive (VFD)
2. Clear PVC pipe (6”, 10”, and 12” diameter)
3. Flexible hose for connection of the blower to each pipe
4. Coupling reducers
5. ADM-880C Micromanometer
6. Pitot Tube equipped with a thermocouple for temperature 

measurement in the air stream.
7. Water hose and sprinkler head
8. Adjustable Pipe Stands

PROCEDURES



PROCEDURES (CNTD.)
The Test Protocol is as follows:

1. Initially, the pipe stands were set to elevations that 
would allow for a 1% slope.

2. Creep Testing was performed first.  The purpose of 
Creep Testing was to establish the amount of 
vacuum that was required to induce liquid creep in 
the pipe system.

3. Once liquid creep was observed, testing personnel 
deactivated the blower.  Deactivation of the blower 
occurred to allow the liquid to drain out of the pipe 
and allow sufficient time to configure the testing 
equipment.



PROCEDURES (CNTD.)

4. Once the velocity test equipment and meters were setup, 
the blower was reactivated and the velocity pressures 
obtained.
5. The velocity pressures were obtained by traversing the pipe 
in a manner similar to EPA Method 1.  Exactly five (5) velocity 
pressures were recorded at each traverse point.
6. Finally, static pressures and barometric pressure readings 
were obtained.
7.  Upon completion of steps 1-6 above, these steps were 
completed for pipe slopes of 2%, 3%, 4%, and 5%.



PROCEDURES (CNTD.)



OBSERVATIONS



OBSERVATIONS

There will be two types of observations 
explored in this section:

1. Field Observations

2. Analytical Observations



OBSERVATIONS (CNTD.)
Field Observations:

1. During the Creep Test, some of the water from 
the sprinkler appeared to remain in 
suspension in the pipe network. 

2. The larger water droplets that did not remain 
in suspension would simply pool at the bottom 
of the pipe and drain out of the pipe until the 
Creep Velocity was achieved.

3. We believe this type of behavior is consistent 
with the dynamics present in the pipe network 
during LFG extraction.



Velocity calculations were performed using the
following equation:

v=
MC*85.49*Cp*(√VP)avg*√(Tavg+46

0)
√(Mavg*Pavg)

Where

v =Average gas velocity, ft/sec
Cp =Pitot Tube Coefficient (.99)

VP =Velocity Pressure, "WC

Tavg =
Average gas temperature, 
°F

MWavg 
=

Average Molecular Weight of the gas 
stream

Pavg =Average Absolute Pressure, in Hg
MC =Moisture Correction for LFG (.9)



OBSERVATIONS (CNTD.)
Analytical Observations

1. The Creep Velocity for each pipe run appears 
to be relatively precise until the 5% slope 
range calculations are performed.   The 6-inch 
pipe appears to diverge from the larger pipes 
at this slope.

2. At 1% slope the Creep Velocity observed 
during velocity tests are within about .68 
ft/sec of each other.

3. The greatest increase in Creep Velocity 
occurred in the transition from 1% - 2% 
slope.  (Average of all pipes was 30.5%)



OBSERVATIONS (CNTD.)

Average Moisture-Corrected Creep Velocity (STP) in ft/s

Pipe Slope 
Represented

6" Pipe
(Avg.)

10" Pipe
(Avg.)

12" Pipe
(Avg.)

Average of all Pipe 
Sizes

1 23.12 23.85 23.80 23.59

2 28.75 30.45 33.20 30.80

3 32.84 32.93 34.89 33.55

4 35.90 33.45 35.29 34.88

5 40.86 34.71 36.67 37.41



OBSERVATIONS (CNTD.)
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OBSERVATIONS (CNTD.)

Percentage Creep Velocity Increase with Slope Increase
Pipe Slope 

Represented
6" Pipe
(Avg.)

10" Pipe
(Avg.)

12" Pipe
(Avg.)

Average of all Pipe 
Sizes

2 24.32% 27.66% 39.52% 30.50%
3 14.23% 8.15% 5.08% 9.15%
4 9.32% 1.57% 1.15% 4.01%
5 13.83% 3.78% 3.90% 7.17%

2% slope is compared to 1% slope.
3% slope is compared to 2% slope.
4% slope is compared to 3% slope.
5% slope is compared to 4% slope.



OBSERVATIONS (CNTD.)
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OBSERVATIONS (CNTD.)
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RESULTS AND 
RECOMMENDATIONS



RESULTS AND RECOMMENDATIONS 

Counter-Current Flow Velocity

1. “Rules-of-Thumb” for counter-current velocity appear to be 
close to reality

2. More judicious application is necessary to minimize cost; 
while, maximizing liquid management

3. Based on our data, the following Counter-current flow 
velocities seem reasonable:
a) <20 ft/s for all pipe networks installed at less than 2% 

grade
b) <28 ft/s for all pipe networks installed with at least 2% 

grade
c) Case can be made for <35 ft/s for all  pipe networks 

installed with at least 5% grade.



RESULTS AND RECOMMENDATIONS 
(CTND.) 

Concurrent Flow Velocity

1. Though some have employed a concurrent flow velocity 
limitation, it does not seem necessary. 

2. The only limiting velocity for pipe flow would appear to be 
the erosional velocity.  The erosional velocity of LFG, 
depending on the assumptions, may be at least 370 ft/s.   
Based on the counter-current flow velocity rules, we should 
never experience the erosional velocity in the pipe network

3. For this reason, we recommend that pressure drop be the 
limiting factor for pipe sizing in the concurrent flow 
direction.

4. A good Rule-of-Thumb that has typically been used in the 
past  is 1” WC of pressure drop/100 feet of pipe.



RESULTS AND RECOMMENDATIONS 
(CTND.) 

Pipe Sizing Methodologies/Formulas:

1. LFG is a compressible fluid; thus, compressibility, 
temperature variations, and or pressure variations within 
the flow gas, can affect the velocity of the flowing LFG.

2. Any calculations performed to assess pressure drop or 
counter-current velocity should be configured to account 
for the fact that LFG is a compressible fluid.

3. In the following slides we will detail the formulas that we 
recommend for use in pipe sizing/velocity calculations, as 
well as, formulas that we do not recommend for pipe 
sizing/velocity calculations.



PIPE SIZING METHODOLOGIES/FORMULAS
RECOMMENDED EQUATION FOR PIPE SIZING:

The General Flow Equation
Q=

Q= Flow rate, scfm
Tb= Base Temperature, Degrees Rankine
P1= Upstream Pressure, psia
P2= Downstream Pressure, psia
D= Inside Diameter of pipe, in
Pb= Base Pressure, psia
G= Gas Specific Gravity
Tf= Avg. Flowing Temperature, Degrees Rankine
L= pipe length, miles
Z= Gas Compressibility Factor at Flowing Temp.
f= friction factor

.053847*Tb*(P1
2-P2

2).5*D2.5

Pb*(G*Tf*L*Z*f).5



PIPE SIZING METHODOLOGIES/FORMULAS

NOT RECOMMENDED FOR PIPE SIZING

Spitzglass Equation

Q=

Q= Flow rate, scfm
∆hw= Static Pressure Head, in WC

d= internal diameter of pipe, in
Sg= Specific Gravity of LFG relative to air
L= length of pipe, feet

59.17*√(∆hwd5)
√SgL(1+3.6/d+.03d)



PIPE SIZING METHODOLOGIES/FORMULAS

Though the Spitzglass Equation For Low Pressure Gas is 
useful for pressured drop calculation, it does not adequately 
account for:

1. Compressibility
2. Friction
3. Actual LFG flowing temperature (Spitzglass
assumes an average flowing temperature of 60 Degrees 

Fahrenheit.)

The foregoing items are critical for calculating pipe size



PIPE SIZING METHODOLOGIES/FORMULAS
RECOMMENDED EQUATION FOR CALCULATING LFG 

VELOCITY:
V=

V= Velocity, ft/s
Q= Flow rate, scfd
Tb= Base Temperature, Degrees Rankine
D= Inside Diameter of pipe, in
Pb= Base Pressure, psia
P= gas pressure, psia
T= Gas Temperature, Degrees Rankine
Z= Gas Compressibility Factor at Flowing Temp.

.002122*Pb*Z*T*Q
Tb*P*D2



PIPE SIZING METHODOLOGIES/FORMULAS

NOT RECOMMENDED FOR PIPE SIZING
Simplified Version of the Continuity Equation

V= Q
60*A

V= velocity, ft/s
Q= flow rates, scfm
A= cross-sectional pipe area, ft2

The simplified version of the continuity equation is not recommended because, in its current form,

it assumes incompressible flow conditions.  This equation must be expanded for proper use.

See the equation used to ascertain the velocity of gas along any point in the pipe line.  Also,

note that the General Flow Equation can be reconfigured to calculate the velocity, as well.



SUMMARY



SUMMARY

1. Counter-current flow velocity appears to be slope-
dependent and may vary in range from 20-35 ft/s

2. Concurrent Pipe Flow Design Criteria should be based 
on pressure drop not a limiting velocity.

3. LFG is a compressible fluid; thus, the velocity should not 
be calculated in the same manner as an incompressible 
fluid.
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