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The Mass Balance Report can be used as an indicator for faulty initial 
stages, on/off settings for rating curves, and/or instabilities and should be 
reviewed after each routing simulation is completed.    
 
The following information is provided to help you determine why there is not 
a balance of mass in your system.  
 
 
1. Is there outflow before inflow? 
 
If you have outflow before inflow as shown in Figure 1, and you are not doing 
a drawdown analysis, then your initial stages are likely set too high at one or 
more nodes causing flow to occur at time zero rather than later when runoff 
actually occurs.  Unless you intend for this to occur, you will need to adjust 
your Initial Stage at one or more nodes. 
 
The problematic nodes can usually be quickly found by looking at Node 
Graphs, One Simulation per Page, Total Outflow for all nodes.  Typically, you 
will see outflow at time zero for the problematic nodes (Node B3 in Figure 2).   
Initial stages for these nodes need to be adjusted.   
 
To correct this problem, a “static wet” condition is suggested.  Setting the 
initial stages at elevations that would hold water back such as inverts or 
channel bottoms or other structures creates the static wet condition shown in 
Appendix “A”. 
 

 
 

Figure 1.  Outflow before Inflow 
 
 
 

 
 

Figure 2.  Outflow before Inflow Hydrograph 
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2. Is the Difference column a constant non-zero value?                            
 
If you have a condition similar to the “Difference” column shown in Figure 3, 
then the likely cause is a faulty initial stage.  This generally happens when an 
initial stage at one or more node(s) is set below the bottom of a channel or 
pipe.   
 
For example, if you happen to set the initial stage at a particular node below 
the bottom of all channel and pipe inverts connected either to the node or 
from it (see Figure 4), water will have to be “created” in order to fill the 
imaginary channel or pipe up to the true bottom elevation.   The specific 
node(s) can usually be quickly found by going to the Node Maximum 
Conditions report and looking in the Max Delta Stage column for unusual 
values for non-stage-time nodes (see Figure 5).  For example, if you have a 
Max Delta Stage value of 0.6’ as shown in Figure 5 for node A-045, this is 
the node that would be a likely candidate.  The initial stage is probably 0.6’ 
below a channel or pipe invert at that location. 
 
Another example is if the initial stage is set below the bottom of a pond (i.e., 
below the first point in the stage-area table) and a weir or drop structure is 
used as the outfall device.  Weirs and drop structures have no storage 
associated with them and in cases like this, ICPR will rely entirely on the 
stage-area table.  If this condition occurs, initial stages should be carefully 
checked to insure none have been placed below the point at which storage 
can be calculated.  The exact location can usually be determined by looking 
at the Max Delta Z column in the Node Maximum Conditions report similar as 
described in the above paragraph. 
 
 
 

 
 

Figure 3.  Constant Non-Zero Value in Difference Column 

 

 
 

Figure 4.  Node/Link Inverts 
 

(Invert elevations and initial stage notes on this figure were added for discussion purposes and 
were not generated by ICPR) 
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Figure 5.  Node Maximum Conditions Report 
 
 
 
3. Does the Difference column have varying non-zero values? 

If you have a condition similar to the report shown in Figure 6, this could 
indicate a stability problem.  The location of the problem can usually be found 
by looking at the Max Delta Stage values in the Node Maximum Conditions 
Report. 

a.    If any of the Max Delta Stage values equal the maximum allowable 
Delta Stage (typically 1’) as shown in Figure 7, set in the Routing 
Control data, then a stability problem has occurred.  Go to the 
Node Maximum Conditions report for the problematic storm and 
search for values in the Max Delta Stage column equal to the “Max 
Delta Stage” set in the Routing Control data form.  These are the 
unstable nodes.  Check these nodes and any links attached to or 
from them.    

 

 
 

Figure 6.  Varying Non-Zero Difference Column 
 

 

Figure 7.  Max Delta Stage equal Max Allowable 1’ 

 

b.    If you see in the Max Delta Stage column values a lot larger than 
the stability criteria (Max Delta Stage times Delta Stage Factor in 
the Routing Control data - typically 0.005) but not equal to the 
maximum allowable Delta Stage (as shown in Figure 8), then you 
might need to reduce the Min Calc Time and/or the Delta Stage 
Factor in the Routing Control data.   
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Figure 8.  Large Max Delta Stage 

c. If in the Node Maximum Conditions report, the Max Delta Stage for 
all nodes is within the criteria set, then the non-zero, varying 
values in the Difference column of the Mass Balance report could 
be related to a rating curve.  Check the data specified in the rating 
curve to verify that there is no flow through the link when it cannot 
physically occur (i.e. dry pond).  It is helpful sometimes to set the 
on and off switches slightly (e.g., 0.01’) above the pond bottom. 

    
If you have a problematic rating curve linked to a node with 
multiple upstream links, then it is helpful to draw a sketch as 
shown in Figure 9.  Include on the sketch the node(s) in question, 
all the links attached to and from these nodes, plus the nodes at 
the other end of these links.  Then, call out the inverts and/or on/off 
settings for each link (both ends for pipes and channels).  Indicate 
the elevation of the first point of the Stage-Area table for the 
upstream node of the rating curve link (highlighted in Figure 9), if 
one is used.  Find the first node upstream at which storage occurs.  
Your rating curve(s) on/off settings need to be slightly higher than 
the lowest elevation of that node.   
 
In the example shown in Figure 9, the first stage of node A-020 is 
at elevation 60.0 feet.  The off setting of rating curve A-020R 
needs to be 60.01 feet and it is recommended that the on setting 
be even slightly higher at 60.02 feet.  Another solution is to provide 
a little more storage below elevation 60.0 feet at node A-020. 

 
In cases like this, the off switch might be numerically at 
59.9999999 due to rounding, and the calculated bottom of the 
upstream node (A-020) is at 60.0000001.  The off switch would 
never kick in and the model would continue discharging water out 
of nowhere.  Consequently, the mass of the system will not be in 
balance.  Making the changes to the on/off settings of the rating 
curve(s) as described in the previous paragraph will alleviate this 
problem. 
 

               

 
 

             Figure 9.  Rating Curve settings (before corrections)  
             showing U/S Nodes & Links 

 
(Invert elevations and initial stage notes on this figure were added for 

discussion purposes and were not generated by ICPR
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APPENDIX  “A” 
 
 

 
Static Wet Condition 

(nts) 
 
 
 
 
 

 
Dry Condition  

(nts) 


