

    
        






           
          
  
        
      
        	
                    
                    
        
                    
                        
		Home
	Platform
			
				
                                          
                                              Platform as a Service: Accessible Anywhere, Anytime

                                               [image: Platform]
                                               
                                               
						Platform	Video Overview
	Video Lecture (coming soon)
	Video Site Demonstration
	GO TO PLATFORM



	Key Platform Capabilities	Real-Time Modeling
	Data-Enabled Modeling
	Hierarchical Modeling
	Stochastic Modeling
	Geological Modeling
	Coupled GW/SW Modeling
	Recharge Modeling
	3D Site Characterization
	Data Driven Modeling
	Particle Tracking
	3D Visualization



	New Capabilities	Realtime Interactive MODFLOW
	Scripting Environment for FloPy (coming soon)
	Running Existing MODFLOW Models (coming soon)
	Realtime Interactive Watershed modeling (coming soon)




				

                                               
 
                                   
                                          

                                   
                             
                                      
			

		

	Network
			
				
                                          
                                              Networks of Data, Models, and People

                                               [image: Platform]
                                               
                                               
						Networks	Model Network: a network of published models, with intelligent reporting
	Curriculum Network: universities around the world utilizing MAGNET for curriculum innovations
	User Network:  dynamic distribution of MAGNET users around the world
	Data Network: diversity of preprocessed data live-linked to the MAGNET platform




				

                                               
 
                                   
                                          

                                   
                             
                                      
			

		

	Curriculum
			
				
                                        
                                             Make Learning Fun: Team Work, Nonlinear Inquiries, and Active Co-construction of Knowledge

                                          
                                                 [image: Curriculum]
                                            
                                            
                                             
						Featured Projects	Civil Action â€“ the Woburn Trial
	Arsenic Contamination Dispute
	PFAS Contamination Dispute
	Dewatering Impact Assessment
	Water Withdrawal Assessment
	Well Interference Dispute
	System-based Water Supply Design
	Groundwater Remediation
	Lake Augmentation



	Active Learning Categories	Science in the Courtroom
	Aquifer and Heterogeneity
	Darcyâ€™s Law & Effective Properties
	Flow Net & Refraction
	Well Hydraulics & Aquifer Testing
	Vertical Regional Circulation
	GW-SW Water Interaction
	Lumped Parameter Models
	Groundwater Flow Modeling
	Groundwater Contamination
	Effect of Heterogeneity
	Fate and Transport Modeling
	Stochastic Modeling & Risk
	Groundwater Remediation
	More â€¦



	Inquiry-based learning	Open-ended Inquiry
	System-based Design 
	Integrated Problem Solving
	Realtime Hypothesis Testing  
	Science-based Conflict Resolution
	Visualizing Uncertainty & Risk 
	More...



	Network	Complete Listings
	Curriculum Network
	Manage Curriculum




				

                                
                            
                                            

              
                                          
                                        

                                    
			

		

	Case Studies
			
				
                                          
                                            A Diversity of Case Studies

                                            
                                               [image: Case Studies and Publications]
                                            

                                            
                                            
						Gallery A	3D Site Characterization
	Flow and Fate and Transport Modeling
	Drinking Source Water Protection
	Source Water Protection for GW Ecosystems
	GW Remediation Analysis and Design
	Environmental Impact Evaluation
	Groundwater & Lake Management
	Water System Sustainability Modeling
	Assessing Impact of Water Withdrawals
	Landuse, Climate, & Recharge Dynamics
	Conjunctive Surface & Groundwater Use
	3D Geological Modeling
	GW and infrastructure Development
	Aquifer Test Design and Analysis
	Characterizing non-point Source Pollution
	Worldwide Modeling



	Gallery B  	Modeling Remediation Capture Systems
	Modeling Source Water to GW Ecosystems
	Impact of Wastewater Discharge on Wells
	GW Sustainability in Michigan Lowlands
	Drinking Water Source Area Delineation
	Impact of Water Withdrawals on Baseflow
	GW Recharge Modeling in the Michigan Basin
	Impact of Development on Seeps
	Modeling 3D Flux into a Deep Lake
	3D Visualization of Landfill Contamination
	Modeling GW Interactions with Lakes
	Modeling a Permeable Remediation Curtain
	3D Visualization



	Publications	Journal Publications
	Other Reports




				

                                                

                                          
                                        

                                     
			

		

	Visualization
			
				
                                          
                                            Seeing the Unseen: an Animation is Worth a Thousand Pictures

                                            
                                                  [image: Visualization]
                                           

                                            
                                            
						Research 	Real World heterogeneity
	Random Field Representation
	Effects of Spatial Heterogeneity
	Effects of Temporal Variability
	Effects of Interacting Heterogeneity
	Effects of Multiscale Heterogeneity
	Macridispersion Models
	Monte Carlo Simulations
	Transport in Complex Aquifers
	Transport in Fractured Tills



	Education  	Regional Vertical Circulation
	Seepage Under Dams
	Aquifer Response to Pumping 
	Law of Refraction 
	FLow in Anisotropic Aquifers 
	Wellhead Delineation 
	Connection with Surface Water 
	Stream Aquifer Interaction 
	Artificial Recharge 
	Groundwater Contamination
	Transport Processes 
	Groundwater Remediation 




				

                                                

                                        

                                     
			

		

	Manuals
			
				
                                          
                                            A Systematic Set of References: Tutorials, Manuals, and Step by Step Case Studies

                                            
                                                [image: Manuals]
                                            

                                            
                                            
						Quick Tutorials 1	2D Steady Flow
	Nested Flow Model
	Particle Tracking
	Water Budget Analysis
	Contaminant Transport
	3D FLow, Multiple Comp-layers
	Unsteady Flow Model
	Model Calibration
	Synthetic Model
	3D FLow, Multiple Geo-layers
	A Hierarchy of Models
	Profile Modeling
	Importing Shapefiles to a Model
	Post-Analysis Tool



	Quick Tutorials 2	Single Realization Simulation
	Monte Carlo Flow Simulation
	MC Transport Simulation
	Probabilistic Capture Zone



	Users Manuals  	Detailed Tutorial
	Detailed Video Tutorials
	Users Manual
	Beginner's Manual



	MAGNET Code Verification  	Comparison with Analytical Solutions
	Comparison with MODFLOW  
	Comparison with Real Data




				

                                                

                                        

                                     
			

		

	Support
			
				
                                        
                                            Online Support 24/7: through Discussion forum Accessible Anywhere and Anytime 

                                              
                                                 [image: world]
                                            

                                            
						MAGNET Support	Discussion Forum
	Live Chat
	Frequently Asked Questions
	Contact Us




				

                                        

                            
                                    
			

		

	Career
	Sign up
			
				
                                             
                                                   Sign up to Take Advantage of the Realtime Modeling and Visualization Platform

                                                       
                                                             [image: Sign Up]
                                                        

                                                         
						MAGNET Account	Create Account
	Edit Account




				

                                             

                                       
			

		





                    

                


        

        		
                   
   
      
  
    
   
    	
                  
                        
                            By Hydrosimulatics INC   
 

                        


                       
             
                       

                       
         
                       Problem Description

A small (but quickly growing community) relies on groundwater to meet its water needs. But over pumping of the aquifer is causing deeper, highly mineralized groundwater to migrate to the shallow subsurface, contaminating the local supply.  The community has decided to switch to surface water supply and needs to build a drinking water distribution system that must satisfy certain requirements. 

The community’s Development Company provided a preliminary design of the distribution system, but the community would like an external review of the design before proceeding with construction. You have been hired analyze the hydraulic feasibility of the preliminary design, particularly with respect to minimum pressure and flow velocity requirements: pressure at all junctions with non-zero demand should exceed the minimum allowable pressure of 15 psi but be less than 165 psi (note: all junctions should have positive pressure). Velocity in the pipes should exceed 1 ft/s but be less than 8 ft/s.

Technical Details

The proposed distribution system is gravity-fed: water is released from nearby reservoir (10 miles away) situated at a higher elevation (131m) to the system of 24 junctions and 25 pipes (see Figure 1). The preliminary design includes specifications for each pipe’s length, diameter and roughness, as well as the elevation and base water demand at each junction (see Tables 1 and 2). An expected 24-hour water demand pattern is also provided (Table 3)

To aid in your feasibility analysis, use the MAGNET Pipe Network Analysis (MAGNET PNA) web application to model the flow dynamics (velocity, head, pressure) across the proposed distribution system. If the preliminary design is not feasible, suggest and analyze ways in which the system could be modified the satisfy the requirements. See "MAGNET Pipe Network Analysis – Hints / Additional Instructions” below. 

Deliverable

Please summarize your findings in a clear, well-organized memo. Please limit the memo to two page (single-space) and submit supporting documentation and technical details (including screenshots of model results) as an attachment. 

MAGNET Pipe Network Analysis – Hints / Additional Instructions 

Begin by constructing the water distribution network using the provided specifications. If you have not already completed the Quick Tutorial (Menu Bar > Help > Quick Tutorials), please do so before proceeding. The Quick Tutorial explains step-by-step how to add network objects, assign attributes, run the model, and visualize / analyze the results.

Carefully input the node and link attributes using the information provided in Tables 1 and 2. Note that unit conversions are required before inputting into MAGNET PNA. Double-check that your inputs are correct (better yet, have a different project partner / teammate check for you!). 

Set up the model to perform a 24-hour analysis (Total Duration: 24:00) with a 1-hour time step (Hydraulic Time Step: 1:00) and a 6-hour pattern time step (Pattern Time Step: 6:00). Use the Pattern Editor to create the demand pattern presented in Table 3. 

Run Analysis and visualize / analyze the results. Is there sufficient pressure at all nodes and at different times? Are there any negative pressures (i.e., the hydraulic grade line is lower than the pipe elevation)??? IF yes, you should consider adding a pump at the link location just before the first junction with non-zero demand and insufficient / negative pressure. (Remember, a pump replaces a pipe in the network, so delete the appropriate pipe before adding the pump). The community has enough funds to include in the distribution network a pump with the following performance relationship: 700GPM can be maintain 100ft of head. 

After drawing the pump and creating the pump curve, Run Analysis again.  Analyze the new results to determine if the pressure in all nodes, for all time-steps, is sufficient or not. A properly placed pump should alleviate insufficient pressure issues (if any) in the distribution network.

Once node pressures are within the acceptable range, carefully check the velocities in all pipes and at different times. If velocities in one or more pipes is not acceptable for one or more time-steps, modify the pipe characteristics and re-run the model, analyze the results, and so on. Continue adjusting input parameters until all velocities (all pipes, all times) are within the acceptable range.   

 [image: ]


 
Figure 1: Proposed water distribution network. 

 

Table 1: Characteristics of the junctions in the preliminary design. (Note that the expected unit of elevation in MAGNET Pipe Network Analysis is feet; for demand, expected unit is GPM. A conversion prior to direct input is needed.)

	
            ID

            	
            Elevation (m)

            	
            Base Demand (LPS)

            
	
            J2

            	
            94

            	
            0

            
	
            J3

            	
            94

            	
            0

            
	
            J4

            	
            99

            	
            0

            
	
            J5

            	
            93

            	
            0

            
	
            J6

            	
            103

            	
            2.48

            
	
            J7

            	
            76

            	
            2.1

            
	
            J8

            	
            27

            	
            0.592

            
	
            J9

            	
            27

            	
            3.225

            
	
            J10

            	
            27

            	
            0.412

            
	
            J11

            	
            71

            	
            2.1

            
	
            J12

            	
            71

            	
            2.1

            
	
            J13

            	
            70

            	
            2.1

            
	
            J14

            	
            27

            	
            2.82

            
	
            J15

            	
            27

            	
            5.785

            
	
            J16

            	
            27

            	
            3.225

            
	
            J17

            	
            25

            	
            0.145

            
	
            J18

            	
            25

            	
            0.145

            
	
            J19

            	
            25

            	
            0.145

            
	
            J20

            	
            25

            	
            0.145

            
	
            J21

            	
            25

            	
            3.58

            
	
            J22

            	
            27

            	
            5.38

            
	
            J23

            	
            25

            	
            5.38

            
	
            J24

            	
            25

            	
            0.5

            


 

Table 2: Characteristics of pipes in the preliminary design (Note that the expected unit of pipe length in MAGNET Pipe Network Analysis is feet; for diameter, expected unit is inches. A conversion prior to direct input is needed.)

	
            Pipe ID

            	
            Length (m)

            	
            Diameter (mm)

            	
            Roughness (C-factor)

            
	
            P1

            	
            16093

            	
            300

            	
            120

            
	
            P2

            	
            25

            	
            300

            	
            120

            
	
            P3

            	
            150

            	
            300

            	
            120

            
	
            P4

            	
            250

            	
            300

            	
            120

            
	
            P5

            	
            280

            	
            150

            	
            120

            
	
            P6

            	
            136

            	
            150

            	
            120

            
	
            P7

            	
            650

            	
            150

            	
            120

            
	
            P8

            	
            330

            	
            150

            	
            120

            
	
            P9

            	
            171

            	
            150

            	
            120

            
	
            P10

            	
            2500

            	
            150

            	
            120

            
	
            P11

            	
            366

            	
            150

            	
            120

            
	
            P12

            	
            1387

            	
            150

            	
            120

            
	
            P13

            	
            620

            	
            100

            	
            120

            
	
            P14

            	
            1334.5

            	
            75

            	
            120

            
	
            P15

            	
            63

            	
            100

            	
            120

            
	
            P16

            	
            2200

            	
            150

            	
            120

            
	
            P17

            	
            1334.5

            	
            100

            	
            120

            
	
            P18

            	
            1217

            	
            150

            	
            120

            
	
            P19

            	
            321

            	
            150

            	
            120

            
	
            P20

            	
            556

            	
            150

            	
            120

            
	
            P21

            	
            623

            	
            50

            	
            120

            
	
            P22

            	
            213

            	
            150

            	
            120

            
	
            P23

            	
            146

            	
            150

            	
            120

            
	
            P24

            	
            150

            	
            150

            	
            120

            
	
            P25

            	
            630

            	
            50

            	
            120

            


 

Table 3: Demand pattern for 24-hour period (four 6-hr time periods).

	
            Time Period

            	
            Multiplier 

            
	
            1

            	
            0.8

            
	
            2

            	
            1.11

            
	
            3

            	
            0.99

            
	
            4

            	
            1.1

            


 

 

 

 

 


                        

                  
                  

            



  
      
        
	
		
			
				
					
                                


                                   
    
                                    
				

			

		

	



            

  
    
              	


    




     



   
	
	
   

    
           HydroSimulatics Inc.  
  
 
