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SIMPLIFIED SOLUTIONS FOR GROUNDWATER MOUNDING UNDER STORMWATER 
INFILTRATION FACILITIES 

 
Kaveh Zomorodi* 

 
ABSTRACT: Excessive groundwater mounding under an infiltration facility could cause various problems including 
drainage problems, wet basements, slower recharge rates and groundwater quality problems by reduction or loss of the 
unsaturated layer under infiltration facilities. Both the maximum rise of the central mound and the areal extent of the mound 
are important for the above concerns. The common methods for prediction of mounding are complex and usually hard to 
apply. A study was conducted to derive new groundwater mounding equations that are simple in their structures but produce 
reasonable values for conditions most commonly found in stormwater infiltration facilities. This paper presents the new 
simplified equations and their theoretical development. The equations apply to Steady–uniform recharge rate to infinite 
homogenous aquifers with initially horizontal water table and bedrock surfaces. Separate sets of equations are derived for 
recharge strips (infiltration channels/trenches) and infiltration basins (round or rectangular facilities). Both equation sets 
require minimum input data in terms of the size and shape of the facility, the properties of the saturated layer and the recharge 
rate and are convenient for routine engineering calculations. Example applications of the two sets of equations for the 
conditions typical in New Jersey are presented. 
KEY TERMS: infiltration facilities, groundwater mounding, stormwater management, BMP, Low Impact Development. 
 

INTRODUCTION 
 

 Excessive groundwater mounding under an infiltration facility could cause various problems including water logging, 
structural instabilities, wet basements, declined recharge rates, groundwater quality problems by reduction or loss of the 
unsaturated layer under infiltration facilities, and the possibility of interflow or surface water discharge leading to untimely or 
undesirable contribution to baseflow. Both the maximum rise of the central mound and the areal extent of the mound are 
important for the above concerns.  
 Recently, the author developed a number of Low Impact Development (LID) quantitative calculation tools for the State 
of New Jersey that deal both with surface water and groundwater (Zomorodi, 2003, and Dewberry, 2002). Some of these 
tools (such as the groundwater recharge calculation spreadsheet) have already been adopted and some other ones (such as 
Curve Number reduction Charts and the groundwater mounding equations presented in this paper) are being considered for 
adoption in the New Jersey BMP Manual.  
 The New Jersey regulations encourage infiltration practices mainly to help maintain groundwater recharge under post-
development conditions. However, in the design of any infiltration facility, the possibility of excessive groundwater 
mounding must be checked. The existing methods for evaluation of mounding are complex and usually hard to apply. A 
number of researchers such as Swamee and Ojha (1997) have tried to simplify existing solutions, but the resulting equations 
are still too complicated for routine applications in stormwater management design and require an iterative solution 
methodology.  
 This paper presents new simplified equations that can be used for a general approximation of mounding under 
stormwater infiltration facilities. Separate equations are derived for recharge strips (infiltration channels/trenches) and 
infiltration basins (round or rectangular facilities). Due to space limitations only the case of the recharge strip, the simpler 
case of the two, is presented in this paper and the steps in equation development are not included. 
 A number of previous studies indicate that, under certain conditions, some of the parameters that appear in common 
mound calculation formula can be ignored. For example, from a number of relevant studies Zomorodi (1988) concluded that 
the rate of mound rise does not depend on saturated thickness of the aquifer as long as this thickness exceeds the width of the 
basin. Also, the rate of the rise is independent of the basin length as long as the length exceeds four times the basin width. 
This means that in predicting the mound under a long and narrow grass channel, for instance, the width of the channel could 
replace the saturated thickness of the aquifer and the mound size can be evaluated for a typical cross section disregarding the 
channel length. The equations developed in this study take full advantage of such considerations to simplify the problem and 
allow explicit solutions.  
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NEW EQUATIONS FOR RECHARGE STRIPS 
 
 Infiltration channels and trenches usually have a long and narrow shape in which the length is several times larger than 
the width; thus the name recharge strips. For recharge strips, we can assume that the groundwater mounding does not depend 
on the strip length and, in most cases, the thickness of the saturated layer. These assumptions can be utilized in development 
of simplified equations. Figure 1 shows the general layout and configuration of mounding under a recharge strip. Due to 
symmetry only one half of the facility and mound are shown in this figure. 
 Assumptions needed to be made to allow derivation of the required solution include Steady – uniform recharge rate from 
an infinitely long recharge strip; average recharge rate is smaller than the  horizontal saturated hydraulic conductivity of the 
aquifer; infinite aquifer extent with horizontal initial water table and bedrock; horizontal flow in the aquifer; homogenous 
aquifer; no source/sink terms outside of channel boundaries; effective transmissivity equal to hydraulic conductivity times 
channel width; uniform channel cross section with a straight line channel; channel length at least ten times the width. 
 

 
Figure 1.  General Layout and Configuration of Mounding under a Recharge Strip. 
 

 The problem parameters as shown in Figure 1 are as follows: 
 
HC = Maximum saturated thickness (original aquifer thickness plus mound rise) under the centerline of the facility, (ft), 
Hi = Initial thickness of the saturated layer (aquifer), (ft), 
i = Average Recharge Rate in the facility, (ft/day), 
W = Infiltration Channel Width, (ft), 
K = Horizontal Saturated Hydraulic Conductivity of the saturated layer (ft/day), 
He = Maximum saturated thickness at the edge of channel, (ft), 
Lx = any arbitrary distance from the channel edge, (ft), 
Lmax= Maximum distance of influence of the mound beyond which mound rise is negligible, (ft), 
hx = Thickness of saturated layer at distance Lx, (ft). 
 
 In reality, recharge from an infiltration facility that receives stormwater would be intermittent and transient. To enable a 
simple solution, however, we need to assume constant-continuous recharge. Because the aim of the equation is to predict the 
stable mound that would prevail under average long term conditions (the final mound size after several years) we can use an 
average recharge rate for “i”. Dewberry (2002) provides guidelines on how to best estimate this value for facilities operating 
under the conditions of New Jersey.  

 
 The mathematical assumptions and steps in deriving the solutions presented here are not given here for brevity and are 
included in Dewberry (2002). Fundamental works by Bouwer (1962), Bouwer et. al. (1999) and Bouwer (2002) were 
instrumental in the theoretical developments of the following equations. Analysis of the problem depicted in Figure 1 leads to 
the following expression for Lx: 
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 Equation 1 can be written for Lmax, the maximum distance of influence of the mound where hx goes back down to Hi: 
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 Both Lmax and Hc in the above equation are unknown; hence we need a second equation to solve for these parameters. 
Based on previous work by Bouwer (1962), Zomorodi (1991) derived an equation for the central mound rise under unsteady 
recharge rates that can be modified to be used here for the steady recharge conditions. This yields to the expression for the 
final central mound rise: 
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 Equation 3 is valid as long as K< i and W ≤ Hi. 
 

 To find the maximum distance of mound lateral extent, the central mound rise from Equation 3 can be substituted into 
Equation 2. After simplification, 
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 and the maximum mound rise at the edge of channel can be found by: 
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 For any distance Lx between the channel edge and Lmax the mound rise hx-Hi can be linearly interpolated between He and 
Hc or directly calculated from the equation below: 
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 To date there has been no independent verification of the new equations for the recharge strip.  However, the validity of 
the results for the round and rectangular ponds (not presented in this paper but they follow generally the same derivation 
procedures as the strip recharge equations) were verified by comparing their results with results from the Software 
“Recharge” which is an artificial recharge mounding program developed by Molden et. al. (1984).  
 The following example illustrates the application of the equations presented above to typical design conditions. An 
infiltration channel 6 ft wide and 60 ft long overlays a homogeneous aquifer with horizontal water table and horizontal 
bedrock and a horizontal hydraulic conductivity of 3 ft/day. The exact thickness of the aquifer is not known, however, there 
are indications that it is at least 35 feet thick. There are no other major sources or sinks either recharging or discharging the 
aquifer in the vicinity of the channel. During a typical year, the recharge depth from channel to the aquifer is about 727 
inches. Calculate the stable mound dimensions. 
 First, we must check the two conditions for equation application:  
1) Check Channel Length-Width Ratio = 60/6 =10 ok; the equations should be all right as long as this ratio is larger than 5 
(ideally larger than 10).  
2) Verify if W ≤ Hi: The channel width W (6 ft) is smaller than the initial thickness of the aquifer (35 ft or more).  
3) Check i < K, the average infiltration rate over a year would be 727/ (12 x 365) or about 0.16 ft/day which is smaller than 
hydraulic conductivity of 3 ft/day. Therefore, the problem can be handled using the new simplified equations. The long-term 
stable mound rise under the centerline of the channel is evaluated from Equation 3 to be 0.29 ft and the maximum distance of 
mound influence beyond the channel edge from Equation 4 becomes 10.4 ft. This implies that on both sides of the channel 
there will be no mounding beyond about 10 feet from the channel edge. The maximum mound rise at the edge of channel is 
found by Equation 5 to be 0.25 ft. So the mound rise at the channel edge will only be 0.25 ft. For any distance between the 
channel edge and Lmax the mound elevation can be estimated from Equation 6. Figure 2 depicts the results of this example. 
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Figure 2. Groundwater Mound under the Example Infiltration Channel. 
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