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What is best location to install surge 
vessel? 

The best location for a surge vessel to give energy during a pump trip is 
as close to the last check valve on the pump(s) manifold.  Have a tee off 
the manifold with isolation valve and install the surge vessel as close to 
the pipeline as possible.  Make sure you calculate the resistance in this 
piping as well as in and out of the surge vessel.  In some cases, the surge 
vessel will also need to accept energy as the positive wave returns. Check 
valve closing time is critical as the surge vessel is giving energy to the 
negative wave but also closing the check valve.  Upstream of active valve 
(actuated valve, control valve, pressure reducing valve or cross 
connection control device (back flow preventor).  Install the surge vessel 
as close as possible so the surge vessel can accept energy created. 

In municipal systems, how far do 
these pressure waves propagate 
when valves close in force mains?  
Do the hydraulic transients 
propagate into fire protection system 
piping? 

Transient pressure waves can travel hundreds of miles through piping. 
Essentially the pressure waves will travel through piping until reaching a 
boundary condition such as a large storage tank or a free surface. The 
pressure waves will reflect at these boundary conditions, but will not have 
a medium to continue travelling through. 

In fire protection systems what 
pressure spikes are you finding in 
"normal" FPS testing or routine 
system operations? 

We saw pressure spikes around +/-65 psig from steady. We tested on fire 
hydrants with low flows. This is highly dependent on the system, flowrates, 
and the nature of the transients associated with testing. 

What do you mean by stabilizing 
vessels? 

The vessels are sized to prevent pressure from rising too high or going to 
low by having an alternative energy source and sink throughout the 
system rather than having to rely on remote pumps or tanks that may not 
respond in time. 

Is the Blacoh instrument to be 
installed in line to pipe or attach from 
outside? 

The Blacoh SurgeWave transducer is installed outside of pipe via ½” tap 
with the wetted side (fluid) in contact with the diaphragm seal of the 
transducer. 

Are the surge tanks typically located 
in the pumphouse or at the problem 
location? 

Surge Vessels are installed at the pump house to give and receive 
energy.  They also can be designed for pump cycle control. Surge Vessel 
can also be installed at the problem location.  Identify the problem location 
with the SurgeWave transient monitoring system and AFT Impulse 
modeling software to size the surge vessel. 

What are the advanced techniques to 
reduce water hammer 

There are many ways to mitigate waterhammer, but they all essentially 
come down to limiting the momentum change in the fluid. This can be 
done by lowering velocity change with longer time periods for events such 
as valve closures or pump trips. Another way to mitigate waterhammer is 
to provide an alternative flow path or energy source that will either redirect 
a high pressure or provide flow into a low pressure and maintain positive 
pressure. Another strategy is to match a high-pressure event with a low 
pressure event to attempt to cancel the other one out. Many of these 
techniques require a detailed analysis. Contact Dylan for more specifics 
as each system is unique. 
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Did you guys mention an anti-surge 
control valve? I might have been 
away for that portion 

This type of device was not mentioned in the webinar, but they function by 
allowing an alternate flow path for high pressure fluids. This can be very 
effective for incompressible fluids as very little change in fluid volume or 
flow is required for a large pressure change. They can be appropriate for 
certain systems, but can be complex and cannot protect from low pressure 
waves 

Is the pump configurations affected 
by the design of surge vessel? 

Are you pumping in series or parallel?  Placement and size of the surge 
vessel matters and we like to use a safety factor of 80/20, full to empty.  If 
the surge vessel is usually full (and no solids), the fluid should be in the 
bag.  Design surge vessel size based on maximum number of pumps that 
can run at the same time at 100% speed.  You should also model one 
pump at minimum speed to make sure you have enough back pressure. 

Does all pump systems need a check 
valve to prevent surge? 

Most pump stations have check valves to protect pumps from reverse flow 
and to allow for various number of pumps to operated without 
recirculation. Check valves are often a source of transients rather than 
preventing them. Check valves need to be selected for the specific system 
they will be installed in and often times throwing the cheapest swing check 
valve is not sufficient. AFT is hosting a webinar on this topic soon. Check 
it out and register here- http://flow.aft.com/l/426792/2021-01-26/2kzt47  

What percentage of vapor volume is 
allowed as in hydrocarbon line air 
breathing valves are not allowed? 

There isn't an set limit to vapor volume that can be used as a fixed rule. 
AFT Impulse is accurate for systems with less than 10% vapor volume per 
computing station, but this may not be appropriate for the system in 
question. Even vapor volumes less than 10% can and do result in 
extremely high pressures, which could exceed the rating of the piping. 
These types of pressure spikes are also associated with high forces. If any 
vapor formation is anticipated in your system, I would recommend 
performing a detailed computer simulation in a program like AFT Impulse 
by a qualified engineer. In general, I would recommend avoiding vapor 
formation in liquid systems and having a computer simulation will allow 
you to quantify the issue and determine the best strategy to avoid it. 

What determines the surge vessel 
size? 

The AFT Impulse surge model and the consultant analyses the surge 
vessel size.  Maintain a safety factor 80/20 and confirm size using 
Blacoh’s liquid/gas sizing tool. This confirms liquid level during steady 
state, and min/max pressures found in surge model. 

Regarding the last slide with the 
"weightlifting" check valve, can you 
elaborate on what the user was 
trying to achieve, and whether they 
were successful, or why their 
approach failed. Thank you. 

The end user added weight to the check valve hoping it would close 
faster.  The check valve was two feet from earth’s surface.  If we ignore air 
resistance, the speed of the weights would fall at a rate of 9.81 meters per 
second.  There was no reduction in closing time between one 20 lb. 
weight and eight 20 lb. and one 10 lb. weights.  Wave speed, distance the 
wave is traveling, travel distance of check valve disc and spring (to exert 
mechanical force by storing energy (either stretching or compressing the 
spring) should all be calculated when inputting data into the AFT Impulse 
surge model for the check valve.   

Is this system suitable for gas 
condensate? such as LPG or naphta 

The Blacoh SurgeWave transient monitoring system can monitor pressure 
transients in LPG and Naphtha. The pressure transducer selection should 
be rated for low temperatures. Blacoh surge vessels for flammable fluids 
have a low temperature modified urethane elastomeric cross linked 
material to reduce cold cracking.  We can provide a sample piece of 
material for testing in your specific application. The Blacoh three piece 
catching flange design for the bladder has grafoil gaskets per API 607.  
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How do you correlate between Surge 
Frequency to piping Natural 
frequency in Spectrum method of 
analysis. means force Multiplier to 
frequency type? 

This is an advanced pipe stress topic and could potentially be answered 
by using the AFT Impulse Pulsation Frequency Analysis Module (PFA) or 
a detailed pipe stress analysis in a tool like CAESAR II. We would likely 
need more context to answer this fully. Please reach out to Dylan to 
discuss further. 

When sizing surge 
suppressors/arresters, would it be 
advantageous to use one large unit 
or several small ones (ie. due to 
space constraints)? 

One large surge vessel is preferred.  If you use more than one surge 
vessel at a pump station, make sure they are balanced.  Two surge 
vessels: tee off main pipeline, short length of pipe to a tee on the branch 
of tee, short run of pipe, 90, short run of pipe, then surge vessel.  Make 
sure pipe lengths and elevations are the same. 

Thanks for your presentation. Three 
questions, 1. Is there any pipe size 
limitation that can be analyzed using 
Impulse? 2. Based on your 
experience, how accurate have you 
found Joukowsky equation in 
identifying critical systems that might 
face transient events? 3. Can 
Joukowsky equation be used to 
identify systems that might face 
vacuum in transient events as well? 

1. No, as long as the flow can be approximated by 1D flow equations such 
as Bernoulli's Equation it can be modeled in AFT Impulse. 2. The 
Joukowsky equation is useful only for sudden events and determining 
what occurs at a single point. Many other factors such as pipeline length, 
elevation profile, and the behavior of equipment have a dramatic effect on 
transient events. These situations and how to successfully mitigate 
transient events can only be handled with a more detailed computer 
simulation in a tool such as AFT Impulse. 3. The Joukowsky equation 
could help identify what systems could face vacuum pressures, but only at 
a high level. This could be useful say downstream of a tripping pump or a 
suddenly closing valve. The main limitation of the Joukowsky equation is 
that it does not capture system effects and it won't tell you if a specific 
mitigation strategy will work. 

What is the most effective mitigation 
means against water hammer? 

Each system is unique and there is not a one-size-fits-all solution to 
waterhammer. This is where the power of computer simulation comes in 
as you can try many various strategies before implementing them in the 
field. 

Can we model a flow control or 
butterfly valve with two stage closure 
i.e., to replicate a Hydraulically 
operated butterfly valve 

Yes, I use two stage closures often to mitigate surge. 

What is the fastest closure time that 
can be adopted in the AFT Impulse 

The fastest closure time in AFT Impulse that can be modeled is effectively 
instantaneously. This will generate the Joukowsky pressure, but then you 
can see how that will interact within your system and components. 

If a surge vessel is installed with a 
Tee junction on the main pipe, will an 
equal size surge wave not enter into 
the vessel as well as travel further 
past the Tee along the main pipe? Or 
will the surge vessel absorb the 
entire surge wave? 

The response of the surge wave at a tee depends on many factors such 
as pipe diameter, pipeline length to the vessel, and the waveform of the 
surge wave. Essentially a partial wave reflection will occur at the tee with 
some of the wave travelling towards the vessel and some of the wave 
continuing down the pipeline. Typically, the vessel should be as close to 
the pipeline as possible with limited resistance into the vessel to allow it to 
response to changes within the pipeline. 

So you're using the surge tank to 
absorb the product to avoid high 
pressure and to provide product to 
mitigate vaporization? 

Yes, those are the two main purposes of a surge vessel. When vessels 
are installed near a pump station it is usually to prevent excessively low 
pressure and vaporization. When a vessel is upstream of a suddenly 
closing valve, it is to accept the high pressure wave. However, a properly 
sized vessel will dampen overall pressure response and maintain a happy 
medium. 
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