




scenario 3: two additional aRVs 
The same assumptions were made regarding the installation of the 
pipe (Figure 4). With two additional ARVs installed on suspected high 
points, the maximum HGL was reduced to 1,338.9 feet, translating to 
a pressure transient of 107.42 psi (Figure 5).

scenario 4: three additional aRVs 
The last scenario determined that the addition of yet another ARV 
was unnecessary because it did not produce any substantial improve-
ment in the system. Without the analysis in HAMMER, the third ARV 
would have been installed.

Cost-effective solution selected
The field investigation and analysis revealed that the force main was 
not installed as designed due to underlying rock, resulting in high 
surge pressures. More specifically, the following assumptions were 
confirmed: 

•	 The design force main profile indicated that high points were 
lowered to eliminate the need for ARVs. Field measurements of 
the actual depth indicated the force main at the high points were 
not installed as designed, thus creating unforeseen high points 
without the benefit of ARVs. The hydraulic model confirmed these 
findings and the resulting transient pressures.

•	 Statements from the Collection’s staff regarding “feeling it under 
the sidewalk” indicated that a hammer condition was present. The 
hydraulic model confirmed this finding.

•	 The addition of two ARVs at the intermediate high points greatly 
reduced the transient pressure experienced to an acceptable level 
within the hydraulic model. These could be installed by in-house 
staff at a cost of less than $5,000 per ARV. This also removed the 
need to relocate the force main or reinstall a new force main in 
its current location causing a major inconvenience to residents 
as well as a major expense to the county, which would include 
repaving of the entire road.
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Four “what-if” scenarios simulated possible configurations for the 
force main:

scenario 1: Original Configuration
With the model programmed to duplicate the hypothesized installed 
conditions, the transient analysis indicated a 503.99 psi spike 
in pressure at the original ARV location, resulting in a maximum 
hydraulic grade line (HGL) of approximately 2,255 feet. During the 
140-second analysis, this pressure spike fluctuates and travels the 
entire length of the force main several times (Figure 2).

scenario 2: One additional aRV 
A second scenario was run with an additional ARV installed at the 
first intermediate high point. Elevations were assumed at a standard 
depth of 5 feet, indicating that the force main bed was not excavated 
beyond the rock. If the elevation assumptions were correct, the 
installation of the second ARV would lower the maximum HGL to 
approximately 1,415 feet, which translates to a pressure spike of 
140.36 psi (Figure 3).

After creating a simple model in HAMMER, the department ran  
transient analyses on a small simple force main using HAMMER’s 
scenario management tool to perform “what-if” scenarios.

Using HAMMER, the county’s engineers proposed a viable solution 
that would reduce the transients to an acceptable level

Figure 5: Pressure surge traveling along the pipeline.

Figure 2: High pressure surge traveling along the pipeline (maximum 
elevation, red; minimum elevation, blue; ground elevation, green; 
pipe elevation, black). 

Figure 4: Water system showing location of two additional ARVs.



Since none of the proposed alternatives was a viable solution, 
the county’s engineers proposed a fourth solution identified 
by conducting the transient analysis project using HAMMER. 
This solution consisted of adding two ARVs in the water 
system at a cost of $14,800 to implement:

•	 Materials cost at $10,000

•	 Six in-house personnel at $50 man/hr, and two eight-hour 
days for a total of 96 man/hrs, which means a total instal-
lation cost of $4,800

The hydraulic model confirmed that the addition of two 
ARVs at intermediate high points would reduce the transient 
pressure to an acceptable level. These could be installed 

by in-house staff at a cost of less than $15,000. This also 
eliminated the need to replace all or part of the PVC pipe, or 
relocate the force main.

Rosbury concluded: “Using HAMMER, the county’s engineers 
proposed a viable solution that would reduce the transients 
to an acceptable level, mitigate force main failures, stop resi-
dents from feeling the hammer effect, and cause no damage 
to the road or sidewalks. The expected results were realized, 
and residents and county personnel were completely satisfied 
with the results.

The county saved between $45,200 (when compared to  
Solution 1) and $485,758 (when compared to Solution 3).”
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“ The expected 

results were realized, 

and residents and 

county personnel 

were completely 

satisfied with 

the results.”

solution 1 solution 2 solution 3 solution 4

description Pipe burst 1100 feet of 
PVC

Replacement of PVC 
section of force main in 
place

Relocation and total 
replacement of force 
main

Addition of 2 ARVs

Cost About $60,000 $270,284 $495,558 $14,800

analysis Will not reduce tran-
sients and will likely 
continue to fail in the 
next weakest spot.

Will not reduce tran-
sients and will continue 
to sustain high transient 
activity. Residents will 
still feel the hammer and 
sidewalks will continue 
to sustain damage.

Will not reduce tran-
sients and will continue 
to sustain high transient 
activity. Residents may 
not feel the hammer and 
sidewalks may not con-
tinue to sustain damage 
depending on available 
routes.

Will reduce the tran-
sients to an acceptable 
level, mitigate force main 
failures, stop residents 
from “feeling” the ham-
mer effect, and cause no 
damage to the road or 
sidewalks. It is also the 
cheapest option.

decision Not selected Not selected Not selected selected

solutions summary and Comparison


