Users Guide

[image: image42.png]~ Wave Speed in Circular Pipes

Unit [

Liauid [water Bulk Modulus | /2

Mass Density ka3

Pipe Material  [Castiron Youngis Modus G2

Foissons Fatio [175

PoeinerdDia [ T

FpewalThickness |20

Fipe Restisinment [Pipe anchered with expansion oints thioughout

1677 s
Wave Speed Compute | Close
BE3T0  fusec L=

Ve pisserca ol |
ait Vs wave

popagalion. | 02 04 08 08

Wave Propagation Speed (kmis)

Proportion of ai by volume (%)

The Presence of even small quaniites of aif can signicantly reduce the wave
piopagation speeds i watet i pipes and tunnels The above graph s for water in
a sl pe having a Diametet/thickness rai of 20. et Tharley





By

Dr. Don J. Wood

Dr. Srinivasa Lingireddy

[image: image2.png]



Featuring the “Surge Wizard”
Copyrighted
KYPIPE LLC 2010
EPASurge Users Guide
Overview
EPASurge is a powerful transient analysis program designed specifically for EPANET users. This program will utilize a working EPANET file to define a piping system and the initial conditions for initiating a transient analysis. The transient analysis can be initiated by valve action or pump action or both. A wide variety of Surge Protection Devices can be incorporated into the analysis.
EPANET File
To prepare for a transient analysis your EPANET file should define a single initial condition for the transient analysis. This involves setting the following parameters:
    1)  Reservoir and Tank Levels

    2)  Demands

    3)  Pump status (on/off) and speed ratio

    4)  Valve status (on/off) and setting

    5)  Regulator settings
Each of these parameters can be reset within EPASurge but it is recommended that you start with a set of initial conditions appropriate for your initial surge analysis. However, you can start with a file which defines a set of baseline conditions (items 1-5 above) which can be modified using the EPANET Surge Wizard to define a specific initial condition.
Please note that Closed Pipes must be defined by inserting a closed valve in the proper location in the pipe. The correct location is essential for accurate transient analysis.  Alternately a closed pipe can be deleted from the model but this is not recommended unless the pipe is very short. Closed pipes not handled in this manner will be treated as Open in the EPASurge file.

It is recommended that very short pipes leading to and from pumps valves, and regulators be eliminated. Although these features have little effect on steady state analysis, unnecessary short pipes and additional junctions lead to unnecessary complications for surge analysis. There are added difficulties if the short pipes are assigned large diameters. Also if two nodes are at essentially the same location it sometimes makes it difficult to select the desired node (pump instead of junction) when reviewing results.
Surge Wizard
We recommend you first setup and run the initial condition analysis using EPANET and check the initial conditions. You are then ready to start the EPASurge Wizard which will step you through the simple process of setting up and running the surge analysis. The Main Menu for EPASurge is shown on the next page. The first step is to load an EPANET .inp file. In case you have the EPANET file as .net file, you can generate .inp file from EPANET’s File menu (File(Export(Network). Click on EPANET File and select your .inp file using the browser. On subsequent runs using the same EPANET file you can also load a Scenario File (such as pump trip, 2 pump start, pump shutdown with control valve, etc). Each time you setup a transient analysis you can adjust the initial conditions and the cause of the transient and create a Scenario File which can be saved with a descriptive name and later utilized as shown. The Advanced Option button will provide several additional options including the option to load a Comparison Scenario so that two situations can be readily compared on a single plot or table. This will be covered in more detail in Section 7.
The EPASurge Wizard steps you through the following screens:

1) Wave Speed Screen – provide wave speeds for pipe group

2) Demand Pattern Screen – set the initial demands for the surge analysis

3) Surge Protection Devices Screen – add surge protection devices to your model

4)  OCS (Operational Control Screen) – check & set reservoir, pump and valve status and set the causes of the transient (pump & or valve action) and launch the Analysis.
5) Results Screen - this screen is automatically accessed following an analysis and provides a number of ways to view results including plots, tables, labels, profiles (static and animated), contours and pipe and/or node emphasis. The network is displayed and it is very easy to navigate around the network model to display desired results. 
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EPASurge Main Menu
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EPASurge Main Menu (Advanced Options)

1)  Wave Speed Screen
[image: image5.png]EPA-Surge

Wave Speeds

Default Wave Speed

3600 Wave Speed Tool

Length Accuracy

10

Help

Pipe Diameter - Roughness
6-100

8-100

10-100
12-100

14-100

18-100

18-150

[wave Speed

Default
Default
Default
Default
Default
Default





Figure 1-1  Wave Speed Screen

The Wave Speed must be defined for every pipe in the system. The Wave Speed is a very important parameter for surge calculations. There is a Tool you can access on the Wave Speeds screen to help you determine the wave speed for pipes with different properties. The tool allows you to select the liquid, pipe material and input the diameter and wall thickness. You also need to select the best description of the type of restraint for the pipe from the following choices:
[image: image6.png]Pipeline is anchored against longitudinal movement

Pipsline i anchored af the





The wave speed is greatly affected by the presence of air in the pipes as shown when the Wave Speed Tool is accessed. Generally the worst case for pressure surge is when no air is present so it is recommended that this assumption is employed unless data is available for the wave speed.
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Figure 1-2  Wave Speed Tool
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The Wave Speed Screen includes the entries for Default Wave Speed and Length Accuracy as shown above.
Pipe lengths (or wave speeds) in the model must be adjusted so each pipe will be a length – wave speed combination such that the pressure wave will traverse the pipe in a time which is an exact multiple of the computational time increment. The Pipe Segment Length Accuracy is the maximum difference between adjusted pipe lengths in the model and actual system.  For example if we use 20, the largest difference between the model adjusted lengths and actual length is 10 feet (say 380 feet for a 389 foot pipe). While the shortest pipe in the model often does set the time step this is not always the case. EPASurge  determine the largest time step we can use and meet the length tolerance for all pipes in the model. The default value for Length Accuracy is 10 feet (meters). Ideally you should use the largest value you can for Length Accuracy such that the solution is not impacted significantly. A simple sensitivity run where you reduce the Length Accuracy will allow you to pick an appropriate value.

 The Default Wave Speed will be assigned to all pipes groups for which a specific wave speed is not assigned. In some cases if all pipes are of the same material, the Default Wave Speed may provide a representative value for all pipes in a system. However, in some cases different wave speeds for different pipe groups will be needed. 
 In order to simplify this task of providing the wave speed for all pipes the Surge Wizard displays all the pipe groups in the EPANet model by diameter and roughness. Hopefully this will be sufficient to group the pipes into categories for which the wave speed can be entered. The principal pipe property affecting wave speed is the pipe material. The material also affects roughness. This means that all 6 inch DI pipe and 6 inch PVC pipe normally can be identified by the Diameter/Roughness categories on the Wizard’s Wave Speeds screen. If this is not the case there are several options available for defining wave speeds.
1)  Edit the EPANet data so that the Diameter/Roughness categories distinguish the various groups of pipes. For example a unique value of roughness chosen by pipe material  can be assigned to pipes with the same diameter. Normally different material pipes would have different roughness values so this would be a natural means of distinguishing pipes by material. For example as shown below the DI pipe has a roughness of 120 while the Cast Iron has 125 so the appropriate wave speeds can be assigned.
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2)  Demand Factors Screen

If your model does not include Demands you can skip this screen. If your model has demands then you need to provide information on this screen to set the Demand Pattern for your surge analysis and select whether the demands will be modeled as Fixed Demands or Pressure Sensitive Demands. 
Fixed Demands -  The demands will be maintained at their initial value throughout the surge analysis.

Pressure Sensitive Demands – The demands will vary with pressure based on orifice (or sprinkler) flow characteristics. 

It is generally more likely that demands will be pressure sensitive since it would require a special situation to be able to maintain fixed demands under transient conditions.
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Figure 2-1  Demand Factor Screen

If your system has demands then you can set the level of the demands by assigning the Default Global Demand Factor to a value other than the default value of 1.0. If your model also has demand types then you can assign individual Demand Factors to the various Demand Types. Generally only drinking water systems will have multiple demand types.
3) Surge Protection Devices Screen

The Surge Protection Devices Screen (SPDS) shown on the next page allows you to insert up to 5 surge protection devices and choose from 12 different devices. This screen illustrates the insertion of a Closed Surge Tank. The first step is to select the device which by clicking on the selector button to the left of the device name. The second step is to click on Select a Pipe on the Map as shown below. When this is done you will go to the Map & Results Display Screen (GUI) and the model will be displayed as shown in Figure 3-2. You should select the exact location of the surge protection device and LC on that location. Then click Back to the Wizard to return to the Surge Protection Devices Screen. All the required data is displayed and must be entered as shown below. Note that there is a tool to aid you with calculating the Resistance in and out of the surge tank (GUI).
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Figure 3-1 Surge Protection Devices Screen
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Figure 3-2 Pipe Model Map
Note that there is an ON/OFF switch near the top of the SPDS. Figure 3-3 shows how an OFF device is represented. When the device is OFF it will have no effect on the transient analysis. In addition a comprehensive Help for Selected Type Screen is provided for each of the surge protection devices. To bring this information up for any surge protection device simply click on the Help For Selected Type button on the SPDS. Figure 3-4 shows the Help Information for the Closed Surge Tank 
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Figure 3-3 Closed Surge Tank ON (left) and OFF (right)
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Figure 3-4  The Device Help Screen
4) Operational Control Screen (OCS)

The OCS is a very useful feature for setting the initial conditions for Reservoirs, Tanks, Valves and Pumps and defining the cause of the transient which can be due to:
1)  Startup, shutdown or speed change of one or more pumps
and (or)
2)  Full or partial opening of one or more valves.

The OCS displays and provides the capability to modify the following settings:

1) Tank and Reservoir Levels and ON/OFF switch
2) Pump ON/OFF status, initial speed ratio and number operating for multiple pumps

3) Valve ON/OFF status, type and initial setting
4)  Regulator settings

The ON/OFF status and initial settings all can be modified using this screen. In addition a Valve Type and wide open (100%) Resistance can be entered for any valves in the system. This adds a very useful capability which EPANET lacks and this is the ability to model a variety of standard valve types and use the closing characteristics of these valves which are built into the EPASurge software. Several Example are presented.
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Figure 4-1  Operational Control Screen (OCS)
5) Scenario Files
EPASurge provides the capability to save any number of different scenarios for a particular EPANET file. These represent alternatives that are defined using the Surge Wizard such as Example 1 (next section – Examples)   which simulates a pump trip and is saved using the name trip. To save the Scenario file after all the desired conditions are set up using the Surge Wizard just click on Save and give the file a descriptive name (trip).  The Scenario Files are automatically saved as an .ers file in a *****(new).KYP directory where ***** is the name of the parent EPANET .inp file. Subsequently this file  can be accessed from the Main Menu as shown below in Figure 5-1 and all Scenario Files associated with the Parent file will be displayed. As discussed in Section 8 EPASurge has the capability to run any two Scenario Files and compare results using common plots and tables.
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Figure 5-1 Loading Scenario Files

Once the scenario has been set up the surge analysis can be carried out by clicking on the Analysis button on the OCS Screen. When the analysis is completed the Results Screen will be displayed.

6) Results Screen
This screen is automatically accessed following an analysis and provides a number of ways to view results including plots, tables, labels, profiles (static and animated), contours and pipe and/or node emphasis. The pipe network model is displayed and it is very easy to navigate around the network model to display desired results. On the left are buttons which control the map view. On the left just below Back to Wizard is the Clear button. Next to that on the right is a Select Window button which will allow you to select all pipes and nodes inside the window you draw after clicking on this button. The buttons below these are zoom in/out zoom window, etc controls to allow you to navigate around the map.

Plots & Tables - Figure 6-2 shows the pressure at Junction 32 (bottom right) which appears on the right (Node Information) when you click on a particular node. You can select additional nodes and display multiple plots like the one shown in Figure 6-3 which shows pressures at nodes 32 & 13. Figure 6-4 is a table of all the pressures in the main looped region of the piping system. To get this just select these nodes and click on Full displayed in the Results Table icon on the right.
Labels – Basically labels showing results and data can be displayed on the map. Note the Results Selection bar at the bottom of the screen. This allows you to select different parameters for Node Results (Pressure, Head, HGL, Flow and Volume (surge tank & air valve) and also two different results (Result A & Result B) which both can be displayed. For example, Result A could be the Maximum and Result B the Minimum value of pressure for the transient analysis.
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Figure 6-1  Results Screen
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Figure 6-2 Pressure at Junction 32
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Figure 6-3 Pressure Plot for Junction 32 & 13
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Figure 6-4 Pressure Table for Interior Junctions

When displaying results labels either one (Result A) or two sets of results (Result A & Result B) can be displayed. Result A & Result B can be selected to show the result at any time during the simulation and also the Maximum & Minimum values. Figure 6-5 shows the Results Selector Bar (left) where the Result Type (Pressure) and the times (or Max or Min) for the two selections are made. On the right is the Label Menu where one or two attributes can be selected to display (in this case Result A & Result B). The selections could also be data (length, diameter, roughness, etc.). Figure 6-6 shows the displayed labels for the interior nodes of the piping system.
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Figure 6-5 Results Selection Bar and Menu
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Figure 6-6 Results Labels (Maximum & Minimum Pressures)
Profiles – A plot displaying the profile of a path of pipes with a Head Envelope superimposed is a very useful way of presenting results for a transient analysis. This plot can include maximum and minimum allowable heads which will clearly show if and where any head limits are exceeded. To create a Profile plot just select a starting and ending node as shown in Figure 6-7a and Click on Profile under Analysis on the top Menu bar as shown in Figure 6-7b. Either Animated or non-animated Profile plots can be generated as shown in Figure 6-8 
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Figure 6-7a – Creating a Profile Path
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Figure 6-7b – Creating a Profile Path
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Figure 6-8 Animated and Non-animated Profiles
7) Examples

Example 1 – Rapid Pump Shutdown (trip) – The OCS display shown below sets up a rapid pump shutdown where the pump is operating at full speed until 2 seconds into the simulation where the speed is ramped down to 0 in 3 seconds simulating a pump trip. The transient is initiated after 2 seconds to allow the initial steady state conditions to hold for 2 seconds. This provides a check on the setup and is recommended. The Analysis button is then clicked on to initiate the transient analysis. When the analysis is completed the Results Screen will be displayed. The plot of pressure shown in Figure 6-2 is obtained by clicking on the node downstream from the pump. More details are in the next section.
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Figure 7-1  OCS Showing a Rapid Pump Shutdown (trip)
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Figure 7-2  EPASurge/Surge Pressure Plot  (Rapid Pump Shutdown)

Once this simulation is set up a Scenario file can be saved as shown in the last section. The Scenario File for this example is called trip.
Example 2 –Valve Closure (BF valve-2 sec) – The OCS display shown below (Figure 6-3) sets up a valve closure where the valve is fully open until 2 seconds into the simulation where the valve is fully closed in 2 seconds. Note that the valve Type is Butterfly which can be selected from a Drop Down list on the OCS Screen. The valve closing pattern will be based on the properties of a Butterfly Valve.  Again the transient is initiated after 2 seconds to allow the initial steady state conditions to hold for 2 seconds. The Analysis button is then clicked on to initiate the transient analysis. When the analysis is completed the Results Screen will be displayed. The plot of pressure shown in Figure 4-5 is obtained by clicking on the valve. This situation is saved as a Scenario File  (BF valve-2 sec).
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Figure 7-3  OCS Showing a Valve Closure
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       Figure 7-4  EPASurge/Surge Pressure Plot  (Valve Closure)

Example 3 – Pump Trip with Surge Tank  (surgetank-trip) – A pump trip is set up as shown in Figure 7-1 and a 200 ft^3 (1500 gallon) Surge Tank is inserted just downstream from the pump as described in Section 3. This Scenario was saved as surgetank-trip and the pressure just downstream from the pump (at the surge tank) is shown in Figure 7-5. The Volume of air in the surge tank is shown in Figure 7-6
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Figure 7-5 Results for Pump Trip with Surge Tank

8) Comparing Results

Example 8-1 Pump Trip with & w/o Surge Tank - Once multiple scenario files are created it is very easy to compare any two cases. For example, to compare the pressure transient with and w/o a surge tank just select Advanced Options and load the surgetank-trip as the Current Scenario File and trip as the Comparison Scenario File as shown in Figure 8-1 Then go to the OCS screen and select the Analyze Both Scenarios button  (see Figure 4-1)   This will result in running both simulations and will produce plots of the results for the two simulations such as the one shown in Figure 8-2 for the pressure at the surge tank for the two scenarios. Any two scenarios for the same parent EPANET file can be compared using this feature.                                                                                          
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Figure 8-1  Setting up a Comparison Analysis (Example 8-1)
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Figure 8-2 Results of Comparison Analysis

Example 8-2 Pump Trip vs 20 second rundown –  A 20 second rundown of the pump is set up as shown below (20 sec. shutdown). 
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A comparison run with a pump trip was set up as shown. A plot comparing pressures for these two cases is shown in Figure 8-3
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Figure 8-3 Results of Comparison Analysis (Example 8-2)
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