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PREFACE 
 

This manual is intended to serve as a guide for determining feasibility, design, construction, and 

maintenance requirements for recharge basins (more precisely basins). As a user's manual, 

discussions of theoretical or developmental aspects are avoided since these subject areas have 

been documented previously by the Department
1, 2

. The manual has been developed such that 

designer-users need not be soil experts, although appropriate input from this expertise is of prime 

importance. It is expected that this manual, with the included computer program RECHARGE, 

will enable the practicing engineer to design basins easily and quickly. A program RECHARGE 

diskette for use on an IBM PC-AT, XT, PS/2 or any IBM compatible is also available upon 

written request to:  

Director 

Geotechnical Engineering Bureau 

New York State Department of Transportation 

50 Wolf Road, Mail Pod 31 

Albany, New York 12232 

 

While replenishment of groundwater through recharge has been proven to be technically feasible 

and cost effective, this Bureau believes that the success of any recharge project depends upon 

adherence to the principles presented in this manual. Furthermore, periodic reviews of basin 

performance need to be an ongoing activity. Information obtained from these reviews can 

provide the Department with a greater experience base. It is therefore recommended that each 

Region establish an inventory of recharge basins which have been designed in accordance with 

this manual. This inventory should be reviewed on a scheduled basis to evaluate performance and 

gain further experience. Initial and updated inventory information should be transmitted to this 

Bureau where a master file will be maintained. 
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1. INTRODUCTION 
 

1.1 Recharge: Background and Perspectives 

Infiltration or percolation of precipitation to replenish the groundwater supply is an important 

phase in the natural hydrologic cycle. The groundwater levels and hence, groundwater 

supplies, generally rise in relationship to the amount of precipitation and to infiltration rates 

of soils. The hydrologist or groundwater geologist refers to water entering the aquifer as 

“recharge”. 

 

Soil properties and hydraulic factors are the chief controllers of the rate and amount of 

natural recharge. However, urbanization and development can create local conditions that 

may change the pre-existing natural process of groundwater recharge. In many areas, for 

example, the amount of water recharged into the groundwater is reduced by one or more of 

the following factors:  

1. Public and commercial development which decreases the pervious surface area 

otherwise available for infiltration, 

2.  Lining of stream channels for erosion control, 

3. Discharging of sewage and industrial wastes to ocean or inland lakes, or 

4. Diverting and conveying surface runoff that might otherwise infiltrate naturally into 

the aquifer.  

 

Recharge deficiencies coupled with heavy groundwater withdrawals can create an imbalance 

in the regional hydrologic cycle and cause serious groundwater supply problems. These, in 

turn, can lead to the following local problems:  

1. Reduction of water well yields and drying up of shallower wells, 

2. Deterioration of groundwater quality in inland areas due to reduced dilution by fresh 

water recharge, 

3.  Coastal area intrusions of salt water into fresh groundwater supplies, render much of 

the unpotable, and, 

4. Ground subsidence caused by consolidation of underlying compressible sediments 

due to an attendant increase in overburden pressure.  

 

These problems have prompted many public agencies to study possible methods to replenish 

the groundwater, and to establish regulations for groundwater recharge and reuse of waste 

water. The existing regulations in some urban jurisdictions in New York State, notably 

counties and towns on Long Island, require that all storm water be recharged. Elsewhere, 

designers conditioned by traditional practices to dispose of storm water by more conventional 

methods need to expand their choice of possible design alternatives to included planned 

infiltration and groundwater recharge. 

 

Neglecting to evaluate the feasibility of a recharge system can also be a costly oversight, 

since disposal by this method may potentially be much less expensive than storm sewer 

networks. With the recharge concept, runoff from small local areas is simply collected and 
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directed by a short trunk to an available or planned depression for quick and harmless 

infiltration. 

 

1.2 Artificially Induced Infiltration of Storm Water - An Alternative 

The deliberate engineering of facilities to dispose of storm water by infiltration into the 

ground is an attractive way of reversing declining levels of groundwater and restoring the 

natural balance between recharge and withdrawal. As a matter of retaining perspective, 

artificial depressions, commonly known as recharge basins, function identically to natural 

depressions that flood during a storm. 

 

1.3 Hydraulics of Infiltration and Recharge 

Groundwater replenishment by means of recharge basins, as shown in Figure 1, generally 

takes place through the unsaturated soil zone above the groundwater level. The process of 

water flow to and through an unsaturated soil is termed as infiltration. Infiltration is an 

unsteady-state process of flow, meaning that the flow rate varies with time under a given 

head.  

 

Flow by means of infiltration is faster than saturated flow. Theoretically, the lower limit of 

the infiltration rate is the rate of saturated flow. However, this limit will not be attained where 

storms are the water source since an extraordinarily long time of sustained infiltration is 

required to achieve saturated flow. Fortunately, infiltration rates are much greater than 

saturated flow rates despite their continuous decrease with time. This factor enables recharge 

basins to be designed to operate with remarkable efficiency.  

 

Although the unsaturated flow processes are more complex than the saturated ones, the same 

fundamental principles apply for both, i.e., Darcy's law and the equation of continuity. The 

driving gradient for saturated flow includes positive pressure heads, whereas the driving 

gradient for unsaturated flow includes not only the positive pressure heads but a negative 

pressure head as well. The negative pressure head is frequently referred to as capillary suction 

potential. 

 

If the duration of a storm is short and the groundwater is deep, infiltration will cease once the 

surface water supply ends. Water which has thus infiltrated into the unsaturated zone will 

continue moving downward, but at a slower rate until the soil-water surface tension equals 

gravitational forces. 

 

Recharge starts if the duration of a storm is long enough for the advancing infiltrating wetting 

front to reach the groundwater. The merging of the wetting front with the underlying 

saturated zone will develop a groundwater mound. If the unsaturated zone is not laterally 

confined, or if the infiltrating water can move and store horizontally, the groundwater mound 

will not result in any significant decrease in the infiltration rate. 
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Figure 1 Groundwater Replenishment through a Recharge Basin 
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2. DESIGN PROCEDURE 
 

2.1 General 

The design objective is to safely dispose of storm runoff as unobtrusively and inexpensively 

as possible. This is best achieved, where possible, by a “distributed” approach, i.e. dispose of 

water at selected depressions along the entire project length. Conversely, the practice of 

collecting project runoff from many square miles and directing it to a single discharge point 

often provides a result that is more expensive, disruptive to construct, and possibly costly to 

maintain.  

 

The design of a recharge basin consists of a number of discrete steps, as shown in Figure 2. 

Each step is referenced to a section of this chapter where it is discussed in detail. 

 

Basin recharge is feasible wherever the following conditions exist: 

 

1.  The soils, excluding the top 5 ft. (1.5 m) of surface soil, are relatively permeable, 

2. Unsaturated conditions exist to a considerable depth below the surface. Infiltration 

cannot occur if a soil is already saturated by permanent groundwater. For a design to 

be valid, a good rule-of-thumb is that the depth of unsaturated soil below the 

proposed basin floor is greater than 25 percent of the peak basin operating head. The 

peak basin operating head, H, is defined as the maximum depth of water permissible 

for the proposed basin, 

3. Unsaturated soils are not laterally confined, i.e. they have the capacity for water to 

move and store horizontally, and 

4.  Sufficient space is available for sitting single or multiple basins in the project vicinity. 

Maximum use should be made of the surrounding natural terrain, interchange loop 

interiors and other depressions. Substantial runoff can be disposed of by infiltration in 

a very small space. 

 

The remaining question of recharge efficiency as related to basin size can only be answered 

by applying the design procedure. 

 

2.2 Area Reconnaissance 

Subsurface conditions may be generally evaluated for recharge basin feasibility early in 

project planning and without borings through the use of terrain reconnaissance techniques. 

This includes comparison of alternate basin sites along the proposed alignments. References 

used in this phase may include old borings, aerial photographs, well records, groundwater 

bulletins, geologic reports, agricultural soil survey maps and bulletins, construction records 

of excavations in the area, and the Department’s soil survey reports, if available, for the 

project area. Information from these sources combined with field inspections will give good 

insight into the potential of recharge basins from the standpoint of favorable subsurface 

conditions. This research exercise may eliminate much work otherwise necessary to disclose 

the general feasibility of basin designs at given locations.  
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Figure 2 Sequence of Steps in Design Procedure 
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2.2.1 Basin Configuration and Site Planning 

All locations favorable for basins in terms of soils, groundwater depth and topography 

should be delineated. At this time, the designer should strive for optimum results for 

hydraulic performance, construction feasibility, environmental esthetics, cost and 

minimum future maintenance requirements. These ideals can be best approached by 

subdividing the total project watershed area into smaller units if possible. Each would be 

served by its own small, less conspicuous recharge basin which would appear more or 

less like a depression rather than some kind of unsightly "works". In this sense, the 

designer is more closely simulating the natural recharge process.  

 

The opposite approach of using a single or very small number of basin sites leads to 

larger runoff volumes. This requires greater basin depths, and usually steeper side slopes 

because of limits in the size of the area available, not to mention longer and larger pipe 

runs.  

 

Where choices are available, the designer's approach should be influenced by the 

following characteristics of basin performance: 

 

1. While large operating depths will infiltrate more water faster than shallow depths, the 

following disadvantages are incurred: 

a.  Essential drying out of the floor after a storm is impeded by restricted exposure to 

winds and sunlight. That in turn causes microbial growths to rapidly populate the 

soil at the floor surface and clog the pores (see Sec. 4 .2). This adversely affects 

the ability of floor turf and grasses to assimilate norm silting (see Sec. 4.3). The 

effects are more pronounced as basins become deeper, making it more difficult for 

the basin to be self-maintained. 

b. Deep basins require protection for people and cars. They also require substantial 

fencing to keep out trash or refuse dumping. 

c. A recharge basin functions only temporarily and during infrequent rainfall 

periods. Consequently, it makes little sense for the area occupied by a designed 

depression to be unsuitable and categorically denied for other uses at other times. 

Conversely, the potential exists for a well designed basin to be integrated into a 

pleasing scenic part of the roadside landscape, a local playing field, etc. 

2. The design method will provide a recharge basin that will not overflow for the 

incidence of storm equal to the design storm. Sooner or later, a storm will occur and 

cause overflow of any reasonably sized basin. Such a storm magnitude would 

probably cause wide-scale folding no matter what provisions were made for storm 

water disposal. Therefore, the designer should choose a conservative design storm 

such that basin overflow will not occur without general flooding of drainage system 

elsewhere in the locality. 

 

The designer must understand that most future basin maintenance, reconstruction or 

remedial treatments may be kept to a minimum if careful site planning is performed 

before detailed design. As detailed design advances for the distributed small basins, 



 

EB 15-025 Page 14 of 28  

some compromises may be necessary because of restricted right-of-way or other 

conditions. This is expected since compromise is not consistent with rational 

engineering design. 

 

2.3 Watershed Hydraulics 

 

2.3.1 Design Storm Selection 

The objective in conventional drainage design is to obtain peak flow quantities per 

unit time and velocities for proper sizing of various elements in the drainage system . 

For basin deign, the cumulative discharge into the basin with time is the object of 

interest. However, when drainage system design is completed, all formation necessary 

to calculate mass inflow to the basin is available for use with an appropriate design 

storm, as described in the following section .  

 

Selection of rainfall intensity, frequency and duration for a design storm should be 

made using Weather Bureau data
3
 pertaining to the locality. Selected curves for New 

York State are shown in Appendix E. The design rainfall frequency and duration to be 

used in constructing the mass inflow curve of rainfall should be chosen with due 

regard for possible consequences of basin overflow during the peak of a storm, 

especially where that particular storm would not be accompanied by flash flooding 

elsewhere in the area. Local topography, present or projected land use and the 

adequacy of other storm drainage systems in the area are important considerations 

when deciding on an adequate, yet reasonable, recurrence interval. In general, under 

the conditions that a basin overflow would pond water on the highway in depressed 

sections, a 10- or 25-year storm would be adequate and conservative. However, if 

excessive basin overflow may cause costly damage to adjacent property and disrupt 

essential activities, a 50-year storm should be chosen. 

 

2.3.2 Determination of Mass Inflow Curve 

The methods used most to develop the mass inflow curve of runoff at any given 

rainfall frequency are the rational method and the unit hydrograph method. The 

rational method is only reliable for estimating peak runoff from drainage areas less 

than 640 acres (2 .6 km
2
). Detailed procedures used by this method in developing a 

mass inflow curve can be found in Ref. 1. Although this method is mathematically 

simple, the designer must use judgment in evaluating the limitations of its accuracy. 

In particular, care must be exercised in selecting the weighted average runoff 

coefficient, sine it can have a very significant effect on the mass inflow curve. 

 

For drainage areas greater than 640 acres (2 .6 km
2
), the unit hydrograph method is 

recommended for estimating runoff magnitudes of different frequencies. To use this 

approach, continuous records of runoff and precipitation for the particular drainage 

area are needed. 
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A number of other methods have been developed for representing a unit hydrograph 

in terms of runoff parameters such as lag time, coefficient of peak discharge, time 

concentration, storage coefficient, etc. If such parameters can be adequately related to 

measurable physical characteristics of water sheds, it becomes possible to synthesize 

unit hydrographs for ungaged watersheds. Three commonly used techniques for 

depicting unit hydrographs are the Clark, Snyder, and SCS methods. Details of each 

are generally presented in standard hydrology tests
4, 5

. Once a unit hydrograph has 

been derived for a particular drainage area and rainfall duration, the unit hydrograph 

and inflow hydrograph for any other duration can be obtained. Finally, the inflow 

hydrograph would be mathematically manipulated to yield the mass inflow curve. 

 

If the watershed tributary to the recharge basin is divided into subareas of 

homogeneous characteristics, unit hydrographs for each subareas are superimposed to 

result in a composite inflow hydrograph for the entire watershed. 

  

2.4 Subsurface Soils Explorations 

Subsurface soils explorations should be scheduled with the Regional Geotechnical Engineer 

as soon as possible after the proposed basin sites are established. Subsurface information is 

then available at the appropriate time for design use. These explorations are used for the 

following purposes:  

 

1. To establish the subsurface soil profile and location of each unsaturated permeable 

soil layer, 

2. To establish the highest groundwater and the perched water elevations, and 

3. To obtain soil samples for laboratory testing throughout the profile depth, particularly 

below side slopes and the basin floor elevation to be established later. 

 

The number and extent of explorations for a site will be determined by the Regional 

Geotechnical Engineer, based on terrain reconnaissance data, if available, and existing 

knowledge of local geology and subsurface conditions. However, at least one boring or test 

pit is required for any site to provide samples for the special analyses necessary to calculated 

the characteristic infiltration curve. 

 

2.5 Soil Properties and Laboratory Tests Required for Analysis 

The particular strata of interest for determining infiltration properties are those that lie 

directly below the basin side slopes and basin floor. This shallow zone of soil extending from 

the ground surface to a depth not exceeding 0.25H ft. below the basin floor will control all 

infiltration out of the basin. It does not matter whether soils further down have greater or 

lesser permeability, so long as they are reasonably permeable (two orders of magnitude less is 

a reasonable limit), are not laterally confined and are unsaturated. Because the basin floor 

elevation is not definitely established until later, soil tests are run throughout the depth of the 

exploration to accommodate the range of possible floor elevations expected. Where soil 

deposits are deep and uniform, this is of little consequence and the testing program can be 

abbreviated. 
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The tests recommended for cohesionless, non-plastic soils differ from those required for soils 

exhibiting plasticity, as shown in Table 1. Tests are described in this manual only by name. 

They may be performed in the Regional Soils laboratory or by the Geotechnical Engineering 

Bureau, at the discretion of the Regional Geotechnical Engineer.  

 

2.6 Soil Design Analysis 

 

2.6.1 Soil Profile Evaluation 

Plot and summarize all subsurface and laboratory test data. These data must be 

studied with respect to the soil properties controlling infiltration at the site. As a 

general rule, the control zone for the infiltration rate will be in the soil below the 

basin side slopes and the first 0.25H ft. of the soil layer underlying the basin floor. 

Soil properties outside this area may exert a secondary control only when the soil lis 

markedly less permeable and the profile is such that lateral spread of the wetting front 

is prevented if its vertical advance is impeded by this layer. In other words, the 

surface control zone, where the primary transmission zone is established, will control 

infiltration under any condition where the water transmitted through it has a place to 

go, vertically and/or laterally. 

 

2.6.2 Determination of Soil Design Parameters 

The following additional calculations of soil properties are required for the infiltration 

analysis. 

 

a. Volumetric water content in natural drained state, θn  

The natural drained moisture content of soil is defined as the water held in the soil 

after the excess gravitational water has drained away and after the rate of downward 

movement of water has practically ceased. The volumetric water content in natural 

drained state can be found from:  

 

θn  =  wn G (1-η) (1) 

 

where wn = natural drained moisture content expressed as a decimal. Use 0.03 

for gravels and sands, and 0.05 for silts. 

G =  specific gravity of soil solids, and 

η =  porosity. 
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Table 1 Test Schedule 

 

 

 

Testing Required 

Test Property 

Symbol 

Cohesionless Non-

Plastic Soils 

Soils Exhibiting 

Cohesion or 

Plasticity 

Specific Surface 

Analysis 

 

SS Yes
1
 No 

 

Natural In-Situ Porosity 

 

η Yes
2
 Yes 

Specific Gravity of Soil 

Solids 

 

G Yes Yes 

Saturated Permeability 

 

ks No
3
 Yes

4
 

Capillary Suction 

Potential 

 

ψn No
5
 Yes

4
 

 

 

 
1
  The purpose of this analysis is to estimate ks based on ks-SS-η relationship developed 

by Loudon
1
. However, the analysis is recommended only for sands and gravels having 

not more than 5 % passing the No. 200 (75 m) sieve. For materials having more than 

5% fines, skip this analysis and determine ks by laboratory test.  

 
2
  May be estimated from grain size description as shown in Figure 3. 

 
3
  Estimated by Loudon Formula or may be determined by laboratory test on soil 

sample, using upward flow.  

 
4
  These tests should be performed only by the Geotechnical Engineering Bureau at 

Albany. 

  
5
  ψn can be estimated from Figure 4. D50 can be determined from the sieve analysis or 

hydrometer test.  
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Figure 3 Soil Porosity in Relation to Grain Size Classification (from Ref. 1) 

 

 
 

Figure 4 Capillary Suction Potential Term ψn vs. Grain Size of 

Cohesionless Soils (from Ref. 1)  
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b. Volumetric water content in transmission zone during ifiltration, θt  

The moisture content in the transmission zone during infiltration is not known 

beforehand. However, moisture contents corresponding to 80% and 70% 

saturation can be assumed for silts and sands, respectively. Therefore, θt can be 

found from:  

 

θt  =  s (η) (2) 

 

where s = degree of saturation expressed as a decimal, and  

η =  porosity. 

 

c. Hydraulic conductivity of transmission zone, kt  

The hydraulic conductivity of the transmission zone is obtained from the saturated 

soil permeability, ks, by means of the following equation: 

 

ks  (θt – θn) 

kt  =   (η – θn) (3) 

 

d. Hydraulic diffusivity, α  

This term is obtained by the following equation: 

 

α  =  kt / (θt – θn) (4) 

 

2.6.3 The Infiltration Equation 

The cumulative infiltration quantity is give by:  

 

Q  =  2kt  Af  (H/2 + ψn) √ (t / π α) (5) 

 

where Q = cumulative infiltration flow at any time t,  

ψn =  capillary suction potential at natural drained moisture content prior to 

infiltration 

α  = hydraulic diffusivity 

H =  maximum basin operating head, and  

Af = plane flow area which is defined as the horizontal plan area of the 

basin at depth of H/2. 

  

Eq. (5) can also be expressed in the form,  

 

Q  =  N (t)
½
 Af  (6) 

 

where N= 2kt  (H/2 + ψn) / √ ( π α) (7) 
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2.6.4 Basin Operating Head and Basin Top Surface Area 

For a given unsaturated permeable soil subjected to infiltration, the cumulative 

infiltration flow, Q, through soil at any time t is a function of the soil parameters, the 

basin operating head and plane flow area as shown in Eq. 5. If the basin configuration 

and side slopes are given, the plane flow area can be expressed in terms of the basin 

operating head, H, and corresponding basin top surface area. For example, the plane 

flow area, Af, for a square basin with 1 vertical on 2 horizontal side slopes is: 

 

 

Af  =  As – 4 H √As  + 4 H
2
   

 

where As= basin top surface area  

 

Eq. (5) indicates that the infiltration quantity per unit of flow area is directly 

proportional to the operating head selected. Similarly, if the maximum operating head 

is kept constant, the flow mass infiltration quantity is directly proportional to the flow 

area. The designer, therefore, can establish a whole spectrum of paired values for H 

and Af or As, that will provide an equal hydraulic result for a proposed basin. This 

becomes a relatively simple task using the computer program. 

 

These results can then be examined with varying shapes and side slopes to find a 

"best match" for a site. The objective, of course, is to find an optimum pair of values, 

H and As, for the site in terms of environmental impact, available right-of-way and a 

long, maintenance-free life. 

 

2.7 Basin Size Design 

Rational basin designs can be developed using two different approaches. Approach I deals 

with the case where available land is limited in area or a basin is to be sized with a given top 

surface area and a peak operating head to be determined. Approach II deals with the case 

where a basin is to be designed at a given peak operating head. The respective design 

procedures for Approaches I and II are illustrated by example problems in Appendix A.  

 

2.7.1 Compute Program RECHARGE 

The Fortran program RECHARGE, which consists of a main program and four 

subroutines (SIEVE, FLOW, HITA and TAHI), was developed especially for 

basin design. This program is designed to run on an IBM PC-AT, P-XT, PS/2 

microcomputer or any IBM compatible.  

 

The infiltration equation was incorporated into the program to represent 

unsaturated, unsteady-state flow through soils. The form of input is interactive. 

The program is written to enable the designer to make multiple runs of the basin 

analysis for given soil properties and inflow quantities. The sequence of program 

operation, input data and output sequences, and error messages are listed in 



 

EB 15-025 Page 21 of 28  

Appendix B. An example of computer input and output summary is shown in 

Appendix C. A listing of program RECHARGE is included in Appendix D. 

 

The New York State Department of Transportation will not be responsible for any 

results obtained from the use of shared computer programs or stored data. 

including direct, indirect, or special or consequential damages. No technical 

support will be provided. No warranties are extended or granted, either expressed 

or implied, with respect to the accuracy and/or performance of any materials 

provided. The materials provided may be reproduced by the receiving agency, but 

may not be given to another agency without the permission of the NYSDOT. 
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3. CONSTRUCTION GUIDELINES 
 

3.1 Construction 

As basin excavation is a source of fill for embankments, excavation is usually desired early in 

project construction. However, transport of excessive quantities of tine sediments into the 

basin from storms occurring during the project construction period will reduce or impair the 

expected performance of the basin. If protection of the basin under construction is not 

provided and damage occurs, then corrective (restorative) maintenance will be the required 

recourse. A recommended way of avoiding this problem at no additional cost is to sequence 

the steps in constructing the basin with the work on the main project. This is described below 

as a two-stage operation.  

 

The basin is initially excavated early in construction, leaving a 1 ft. (0.3 m) thickness of 

material over the final floor elevation. Drainage from the project watershed during 

construction may then be led to the basin if necessary. If heavy inflow occurs, bringing 

excessive sedimentation of fines, the surface will "mud-crack" after drying. At this time the 

surface should be skimmed off prior to subsequent storms. 

 

When the project is nearly complete and permanent erosion controls are in place throughout 

the basin watershed, excavate the basin to final lines and grade, removing the excess natural 

soil and sediment. Care should be exercised during this step to avoid excessive compaction of 

the basin surfaces. Then seed or sod as described in Sec. 3.4, construct the permanent inlet(s) 

and connect to the storm drain system.  

 

3.2 Watershed Erosion Control 

Close attention to sound erosion control practices
6, 7, 8

 in the watershed will result tolerable 

sediment deposition in the basin and keep maintenance costs to a minimum. The quantity of 

silt contained in water flowing into the basin by erosion will vary from storm to storm 

depending on many factors, but as an annual average, concentrations of solids up to about 

1,000 ppm can probably be assimilated by a basin floor with a vigorous stand of turf (see Sec. 

3 .4). This is equivalent to about 1 ton of solids for each 32,000 ft
3
 of water (1 kg of solids 

per m
3
 of water). If the earth slopes in the watershed are provided with thick vegetative cover, 

and ditches or channels are suitably protected from erosion, solid concentrations of one-half 

or less of this figure are reasonable expectations. Good erosion control in the watershed can 

produce practically maintenance-free recharge sites with turf floors. On the other hand, poor 

attention to erosion control in the watershed can result in excessive maintenance, cause poor 

public relations and environmental or health problems. 

 

In urban areas, a portion of the watershed area often may lie outside of State right-of-way. If 

construction activities occur in these areas, those responsible for design should establish 

temporary and permanent erosion controls as required to protect the recharge area from 

excessive siltation. 
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3.3 Inlet Design 

The fundamental consideration for basin inlet design is the prevention of scour at the culvert 

and at the basin floor. Thus the peak entrance velocity of inflow to the basin must be held 

within limits by suitable design of the upstream storm drain system and the inlet itself.  Refer 

to Ref. 6 (specifically Section 3.5.2 and 3.5.3) for protective aprons, energy dissipators and 

stilling basins when steep gradients and high velocities cannot be avoided.  

 

Runoff from surrounding land, flowing toward the basin, should be intercepted by top-of-

slope gutters and collected for guided discharge into the main basin inlet
8
.  

 

3.4 Turf Establishment 

Surfaces of the side slopes and floor should be seeded, as they represent the flow area of the 

basin. Dense turf not only prevents erosion and sloughing of the slopes, but also provides a 

natural means of maintaining relatively high infiltration rates.  

 

Development of thick vigorous turf in the basin is a self-maintaining feature for a recharge 

site once erosion control is satisfactorily established in the watershed (See Section 3 .2). 

 

3.4.1 Topsoil 

Topsoil native to the site and stockpiled prior to excavation may be used to aid in 

turf establishment. Care should be taken to avoid excessive compaction of the 

seedbed so that the new roots have little difficulty in taking hold. 

 

3.4.2 Fertilization 

A complete starter fertilizer such as 10-6-4 is recommended to encourage deep 

root development. Apply at a rate of 1,000 lbs per acre, approximately 23 lbs per 

1,000 ft
2
 (1 kg per 10 m

2
) when preparing the seedbed. These general criteria 

should be reviewed with the Regional Landscape Architect to verify their 

applicability to a specific site.  

 

3.4.3 Seeding 

The brief periods of inundation in a recharge area are no problem for most grass 

species. Drought-resistance, however, is an important consideration. The Regional 

Landscape Architect should be consulted regarding an appropriate seed for a given 

climate and soil condition.  

 

The placement of sod may be advisable in the vicinity of the inlet and protective 

apron. The sod will not only better resist erosion around the inlet during a storm 

before the grass gets a foothold, but will also help slow down velocities as the 

inflow spreads over the floor. Mulch should always be employed over the newly 

seeded surfaces for protection, moisture retention and early germination of the 

seed. 
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4. MAINTENANCE GUIDELINES 
 

4.1 General 

The primary requirement for assuring that a recharge basin continues to perform as intended 

is periodic maintenance as dictated by the results of regularly scheduled inspections and 

evaluations. Noting warning symptoms early, instead of waiting for a major performance 

problem to occur, often creates a situation where a quick, simple and inexpensive cure is 

possible. Fortunately, there may be a lag of years between the first appearance of symptoms 

and a sudden trend to non-performance. This chapter explains how performance problems 

develop with recharge basins, then closes with a table summarizing the readily observable 

symptoms, effects and the corresponding corrective recommendations. 

 

4.2 Basin Performance Decline 

The major cause of diminishing basin performance is clogging of the infiltration surface. This 

occurs by a succession of events. First, fine sediments in the inflow settle out and accumulate 

over the infiltration surface over a period of time. Second, infiltration does not occur as 

rapidly as before and soon there is a sustained period of time where the basin does not dry out 

for several weeks because of the accumulated "silt" coupled with frequent rainfall. It is during 

this period, when favored by high temperatures, that the third event takes place -- strains of 

microbiological growths rapidly propagate, clogging the layer of fine sediment and 

interfacing soil pores still further with what is best described as "slime". If the basin does dry 

out, these colonies die and the surface unclogs. If it does not dry out, the colonies continue 

growing, reducing the probability of ever drying out. This situation leads to a transformation 

wherein the basin becomes a more or less permanent body of standing water, with only its 

upper side slopes still able to infiltrate storm water in any appreciable quantity. 

 

The above scenario is not inevitable and can be avoided entirely. The key is to promote 

drying out following a storm. Very modest control of watershed erosion (Sec. 3.2) coupled 

with vigorous turf in the basin as next discussed, can neutralize the sedimentation problem 

which otherwise starts the performance decline cycle. Drying out, however, is still essential 

and the grass will help achieve this condition. Keeping the basin shallow for good air 

circulation assists the grass to complete the job resulting in a basin which can be practically 

maintenance-free. 

 

4.3 Turf as a Preventive of Decline 

Turf on the basin floor and side slopes has five beneficial functions as follows: 

1. Increases soil porosity and maintains stable granulation and therefore, high infiltration 

capacity due to root growth. 

2. Increases transpiration of water leading to subsequent drying out of soil. 

3. Promotes desirable biotic activity leading to greater air and water permeability. 

4. When inflow to the basin is rapid, resists the cutting action of water currents and 

protects against erosion in the basin itself. 

5. Provides the ability to assimilate light sediment depositions and rapidly convert them 
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into the growth supporting layer. 

 

In the absence of healthy vigorous vegetation, these five benefits are lost and their opposites 

apply. 

 

4.4 Inspection and Troubleshooting 

The principle function of periodic inspection is to detect and correct any source of heavy 

sediment deposition from the watershed and any adverse effects from it over the recharge 

area. 

 

Table 2 provides a guide for conditions to look for, their effect upon performance if not 

attended to, and the corrective action to be taken. 

 

Rules are often desired to set a fixed interval for making basin inspections. Unfortunately, a 

desirable inspection frequency varies with individual watershed conditions and recent storm 

activity. An adequate frequency for one basin in a give time period may be inadequate (or 

excessive) for other basins in the same time period. However, some rules are understandably 

desirable and the following are suggested:  

 

Inspect all basins following any major storm causing local flooding or backed up storm 

sewers in the local area (Town, County). 

 

Inspect any basins where major construction activity is taking place in their watershed 

areas following any storm. Also inspect erosion protection adequacy at the construction 

sites at the same times.  

 

4.5 Removal of Accumulated Sediment 

As outlined in the Environmental Procedures Manual, Chapter 5.1 Hazardous Waste and 

Contaminated Material, project managers, designers and Regional Environmental Units 

should screen all projects for hazardous wastes and contaminated materials if they involve 

excavation or other disturbance of the soil. This is intended to help assess the nature and 

extent of contamination and understand how to properly manage or cleanup various kinds of 

contaminants to comply with federal and State requirements. 

 

Prior to removal of accumulated sediment, Department staff should perform a contaminated 

materials’ screenings, or a “Phase I assessment” as described in Ch. 5.1, to determine whether 

additional study or testing is necessary. 

 

If the results of an assessment indicate contamination, Section 205 of the Standard 

Specifications describes how to test and dispose of contaminated soil.  
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Table 2 Inspection and Troubleshooting Guide 

 

Condition Noted Effect Upon Performance Corrective Actions to be Taken 

Floor erosion and scour hole near inlet Adverse to turf maintenance and 

satisfactory long term performance. May 

undermine apron or culvert. Unsightly. 

1. Lower velocity of entering water by 

using energy dissipators, stilling pool, or 

both. 

2. Refer to Ref. 9 for protection design. 

Appearance of sediment overtopping turf Adverse to turf maintenance and 

satisfactory long term performance.  

1. Immediately locate and correct source 

of sediment in the watershed. 

2. When floor is dry, remove patches of 

sediment where turf has been covered, 

and re-establish turf. 

Constriction activity in watershed May load basin with sediment if adequate 

precautions are not taken. 

1. Require temporary diversion of storm 

runoff from reaching recharge area, or 

2. See that proper temporary and 

permanent erosion controls are 

instituted. 

Weeds Assist to maintain infiltration rates, but 

may be unsightly, crowd out turf, and 

become a fire hazard. 

1. Regular mowing of turf provides good 

weed control. Herbicides may be used 

according to instructions in similar 

fashion to the adjacent watershed. 

Lack of normal drying out after a storm Can quickly become extremely adverse to 

performance. Caused by neglect of regular 

preventative inspection and timely 

correction of minor problems. Provides 

environment favorable to soil-clogging 

microbial growths such as algae, slimes, 

and fungi. 

1. Treat standing water to kill off the 

microbial growths, using chlorine or 

copper sulfate in recommended 

dosages*. 

2. When dry, remove accumulated 

sediment and correct cause of excessive 

sedimentation in watershed. 

3. Re-establish turf over the basin floor. 

*Subsequent to approval from NYSDEC or other local water authorities (especially on Long Island), permissible dosage ranges are 

as follows:  

 Minimum Effective Maximum Permissible 

Copper Sulfate 0.01 ppm (0.8 lb/10
6
 gal,  0.1 kg/10

7
 L) 2.0 ppm (16.2 lb/10

6
 gal,  2.0 kg/10

6
 L) 

Cholrine 1.0 ppm (8.3 lb/10
6
 gal,  1.0 kg/10

6
 L) 2.0 ppm (16.6 lb/10

6
 gal,  2.0 kg/10

6
 L) 
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EXAMPLE PROBLEMS (MANUAL COMPUTATIONS) 

 

Rational recharge basin design is arrived at through a combination of hydraulic and soils 

engineering functions. The most important elements affecting basin sizes are adequate 

assessment of local mass inflow and accurate prediction of water infiltration into the underlying 

soils. Specific information required for design consists of the design storm runoff data for the 

local watershed, depth to groundwater table and unsaturated properties of the cohesionless soil 

into which the water will infiltrate. The necessary soil properties are specific gravity, natural 

moisture content, specific surface area, grain size distribution, natural porosity, hydraulic 

conductivity of transmission zone, capillary suction potential and hydraulic diffusivity. These are 

covered in detail in Ref. 1. 

 

The designer can choose one of two design approaches, each of which is illustrated by an 

example problem. Approach I deals with the case where a basin is to be designed for a given 

surface area, but with basin peak operating head unknown. Approach II permits the basin size 

and dimensions to be designed for a given peak basin operating head. 

 

The procedures for calculating the time-dependent mass inflow quantities are not presented here. 

The reader may refer to Example Problem 1 of Ref. 1 for details of the method used in the 

following design example or use any other appropriate procedure for obtaining mass inflow. 

 

APPROACH I (US Customary Units) 
 

Given:  A recharge basin is proposed to dispose of highway storm runoff. Coordinates of the mass 

inflow curve for the proposed basin site are listed below: 

 

 

Time 

(hours) 

Inflow 

Qi 

(million ft
3
) 

 

Time 

(hours) 

Inflow 

Qi 

(million ft
3
) 

1 0.08 10 6.48 

2 0.16 11 7.10 

3 0.50 12 7.60 

4 1.11 13 7.94 

5 1.82 14 8.16 

6 2.80 15 8.27 

7 3.79 16 8.37 

8 4.80 17 8.42 

9 5.74 18 8.42 

 

 

The available land for basin use is limited to 210,000 ft
2
. The subsurface soil is sandy silt with 

the following properties: 

 

Natural porosity,η = 0.40 

Hdraulic conductivity of transmission zone, kt = 2.16 ft/hr (from Equations (1), (2), and (3)) 
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Capillary suction potential, ψn = 0.18 ft. (from Fig . 4) 

Hydraulic diffusivity, α = 9.32 ft
2
 /hr (from Equations (1), (2), (3) and (4)) 

Depth from ground surface to ground water table = 50 ft. 

 

Find:  Size and dimension of a square basin plan with 1 vertical on 2 horizontal side slopes. 

 

Step 1:  Actual mass inflow curves (such as determined from field instrumentation) usually 

will have a tail or inflection at early values of time. The tabulated data have this 

characteristic, which requires correction to time coordinates to remove this tail. The 

method of establishing this time correction, 3.3 hours, is shown in Figure 1A. The 

coordinates of the corrected mass inflow curve are tabulated below: 

 

 

Time 

(hours) 

 Corrected Inflow 

Qi 

(million ft
3
) 

 

Time 

(hours) 

Corrected Inflow 

Qi 

(million ft
3
) 

1 1.00 10 8.00 

2 2.05 11 8.19 

3 3.00 12 8.35 

4 4.08 13 8.41 

5 5.02 14 8.42 

6 5.85 15 8.42 

7 6.85 16 8.42 

8 7.22 17 8.42 

9 7.68 18 8.42 

 

If the mass inflow curve is calculated from the procedures in Example Problem 1 of 

Ref. 1, no tail is obtained and not time correction is necessary. 

 

Step 2:  The equation for infiltration over the basin area is:  

 

Q  =  2kt  Af  (H/2 + ψn) √ (t / π α) 

 

where: H/2 =  the average basin operating head for the peak design storm or 

half of the maximum basin operating head. 

Af = the basin horizontal cross-sectional area or plan flow area at 

H/2. 

 

Substituting values of soil parameters into the above equation, gives:  

Q = (2) (2.16) (H/2+0.18) √ (t/29.3) (Af) 
 
Q = 0.798 (H/2+0.18) √ t (Af) 

 

Step 3:  Estimate the range of the peak basin operating head, H, to be used in design in 

accordance with the following assumptions:  
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1. From experience, the final design value of Q will be bracketed within the 

range of 0.29 Qip and 0.76 Qip; where Qip is the cumulative flow at the time 

when the corrected mass-inflow curve starts peaking. 

2. Also from experience, the area of the water surface, As, will lie within the 

range of 1.05 Af and 1.25 Af.  

 

The corrected mass-inflow curve as shown in Fig. 1A indicates it starts peaking 

approximately at coordinates, t=8 hours and Qip = 7.3x10
6
 ft

3
. Substituting these two 

numbers into the infiltration equation established in Step 2 and using the two above 

mentioned basin operating range criteria, yield the following equations: 

 

0.76 x 7.3x10
6 

= 0.798 (Hmax /2+0.18) √ 8 (As/ 1.25) 
 
0.29 x 7.3x10

6 
= 0.798 (Hmin /2+0.18) √ 8 (As/ 1.05) 

 

with As = 210,000 ft
2
, Hmax= 28.90 ft. and Hmin= 9.02 ft. 

 

Step 4:  Replot or trace the corrected mass inflow curve on a new sheet of graph paper (Fig. 

1B to permit convenient superposition of mass infiltration curves for various assumed 

peak operating heads. 
 

Step 5:  For a square basin with 1 on 2 side slopes, Af can be expressed in terms of H and As 

as follows: 

 

Af  =  As – 4 H √As  + 4 H
2
   

 

The infiltration equation then becomes: 

 

Q = 0.798 (H/2+0.18) √ t (As – 4 H √As  + 4 H
2
)  

 

Assume four values of the peak basin operating head between Hmax and Hmin and 

compute the cumulative infiltration for convenient values of time from the 

infiltration equation for each value of assumed H throughout the time period of 

interest.  

 

Plot these four accumulated infiltration vs. time curves on the graph prepared in Step 

4. Figure 1B shows the final plot as it will appear at the end of this step. 
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Figure 1A Time Correction for Mass Inflow Curve with Tail 
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Figure 1B Comparison of Inflow-Outflow Rates 
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Step 6:  In Figures 1B, scale off the peak differential, Q, between the mass inflow curve and 

each of the infiltration curves. This is most conveniently done with dividers. 

Calculated the basin volumes for the given value of As and for each value of assumed 

peak basin operating head. The following table provides simplified formulae for 

square, rectangular, and circular basin plans.  

 

Basin Type Pb As-Ab Basin Volume 

Square and 

Rectangular 

 

Ps – 8SH SH(Pb + 4SH) (Ab + As + √AbAs) H/3 

Circular 

 

Ps – 2HSπ SH(Pb + πSH) (2Ab + As + SH√πAb) H/3 

 

where : Pb = perimeter of basin bottom,  

 Ps = perimeter of water surface when basin operating head equals H, 

Ab = area of basin bottom, 

 As = area of basin top when basin operating head equal H, 

S =  side slope 1 vertical: S horizontal or cotangent of the angle between 

the basin side slope and a horizontal plane. 

π = 3.1416 

 

Next determine the difference between ΔQ and basin volume, and tabulate the 

information as follows: 

 

H 

(ft.) 

ΔQ 

(10
6
 ft

3
) 

Basin Volume 

(10
6
 ft

3
) 

ΔQ – Basin Volume 

(10
6
 ft

3
) 

13.00 4.90 2.43 2.47 

16.97 4.05 3.06 0.99 

20.95 3.25 3.64 -0.39 

24.92 2.65 4.18 -1.53 

 

 

Step 7:  Graphically plot ΔQ – Basin Volume values against H and draw the curve as in Figure 

1C. The peak basin operating head H required for the basin is indicated by the point 

of intersection of the curve with the horizontal axis, in this case, 20 ft. 



APPENDIX A 
 

EB 15-025  A-7  

 
 

 

 

 

Figure 1C Determination of Required Peak Operating Head, H 
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Step 8:  Check to verify that the distance from the basin floor to the groundwater talble is 

greater than 0.25H ft. (5 ft.) so that the developed infinite depth infiltration theory 

holds for the entire time span. In this case, the distance from the basin floor to the 

groundwater table is 30 ft.; therefore the theory holds. 

 

If the distance from the basin floor to the groundwater was found to be less than 

0.25H ft., the design volume would have to be obtained through a combination of 

steeper side slopes or larger basin surface area than originally proposed.  

 

Step 9:  Determine the required basin volume and area of basin bottom using the relationship 

presented in Step 6. 

 

Design Summary:  The basin size and dimensions are as follows: 

Top:  458.25 ft. x 458.25 ft., Area = 210,000 ft
2 

Bottom:  378.26 ft. x 378.26 ft., Area = 143,000 ft
2 

Volume:  3,509,000 ft
3 

Depth:  20 ft 

 

APPROACH II (US Customary Units) 
 

For the same subsurface conditions and data give in the Approach I example problem, determine 

the size and dimensions of the basin if the proposed peak basin operating head is 20 ft. 

 

Step 1:  The same as Step 1 in the Approach I example problem. 

 

Step 2:  With the given values of H, α, kt, and ψn, the infiltration equation is established as 

follows: 

 

Q  =  8.12 √ t  Af   

 

Step 3:  Using the same approach as detailed in Step 3 of Approach I example problem, 

estimate the range of the basin surface area to be used in design. This leads to the 

following two limiting infiltration equations: 

 

0.76 x 7.3x10
6 

= 8.12 √ 8  (As (max) / 1.25) 
 

0.29 x 7.3x10
6 

= 8.12 √ 8  (As (min) / 1.05) 

 

thus As(max) = 301,957 ft
2
 and As(min) = 96,785 ft

2
. 

 

Step 4:  The same as Step 4 in the Approach I example problem. 
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Step 5:  For a square basin with H = 20 ft. and side slopes of 1 on 2, Af in terms of As may be 

expressed as follows: 

 

Af  =  As – 80 √As  + 1600  

 

Substituting this expression in the infiltration equation of Step 2 gives: 

 

Q = 8.12 √ t (As – 80 √As + 1600)  

 

Assume four values of the basin surface area between As limits from Step 3. Next, 

compute the accumulated infiltration for convenient values for time from the 

infiltration equation for each assumed value of As throughout the time period of 

interest. Figure 2B show the comparison of inflow and outflow rates. 

 

Step 6:  Follow the same procedure as illustrated in Step 6 in the Approach I example problem 

and tabulate ΔQ, Basin Volume, and the difference between these values (ΔQ-Basin 

Volume) for each assumed basin surface area as follows: 

 

As  

(10
5
 ft

2
) 

ΔQ 

(10
6
 ft

3
) 

Basin Volume 

(10
6
 ft

3
) 

ΔQ – Basin Volume 

(10
6
 ft

3
) 

1.37 5.15 2.21 2.94 

1.79 4.25 2.94 1.31 

2.20 3.30 3.69 -0.39 

2.61 2.30 4.44 -2.14 

 

Step 7:  Graphically plot ΔQ – Basin Volume values against As and draw the curve as shown 

in Figure 2C. The intercept of the curve with the As axis gives the required As for the 

basin, in this case 210,000 ft
2
. 

 

Step 8:  The same as Step 9 in the Approach example problem 

 

Step 9:  Design Summary:  The basin size and dimensions are as follows: 

Top:  458.25 ft. x 458.25 ft., Area = 210,000 ft
2 

Bottom:  378.26 ft. x 378.26 ft., Area = 143,000 ft
2 

Volume:  3,509,000 ft
3 

Depth:  20 ft 
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Figure 2B Comparison of Inflow-Outflow Rates 
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Figure 2C Determination of Required Basin Surface Area, As 

 



APPENDIX A 
 

EB 15-025  A-12  

APPROACH I (International System of Units (SI)) 
 

Given:  A recharge basin is proposed to dispose of highway storm runoff. Coordinates of the mass 

inflow curve for the proposed basin site are listed below: 

 

 

Time 

(hours) 

Inflow 

Qi 

(thousand m
3
) 

 

Time 

(hours) 

Inflow 

Qi 

(thousand m
3
) 

1 2 10 183 

2 5 11 200 

3 14 12 215 

4 30 13 225 

5 50 14 230 

6 79 15 235 

7 107 16 238 

8 135 17 240 

9 162 18 240 

 

 

The available land for basin use is limited to 18,600 m
2
. The subsurface soil is sandy silt with the 

following properties: 

 

Natural porosity,η = 0.40 

Hdraulic conductivity of transmission zone, kt = 0.66m/hr (from Equations (1), (2), and (3)) 

Capillary suction potential, ψn = 0.054 m (from Fig . 4) 

Hydraulic diffusivity, α = 0.866 m
2
 /hr (from Equations (1), (2), (3) and (4)) 

Depth from ground surface to ground water table = 15 m. 

 

Find:  Size and dimension of a square basin plan with 1 vertical on 2 horizontal side slopes. 

 

Step 1:  Actual mass inflow curves (such as determined from field instrumentation) usually 

will have a tail or inflection at early values of time. The tabulated data have this 

characteristic, which requires correction to time coordinates to remove this tail. The 

method of establishing this time correction, 3.3 hours, is shown in Figure 1A. The 

coordinates of the corrected mass inflow curve are tabulated below: 
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Time 

(hours) 

 Corrected Inflow 

Qi 

(thousand m
3
) 

 

Time 

(hours) 

Corrected Inflow 

Qi 

(thousand m
3
) 

1 29.0 10 226.0 

2 58.0 11 231.0 

3 86.7 12 236.0 

4 115.0 13 239.0 

5 142.0 14 240.0 

6 168.0 15 240.0 

7 188.0 16 240.0 

8 204.0 17 240.0 

9 218.0 18 240.0 

 

If the mass inflow curve is calculated from the procedures in Example Problem 1 of 

Ref. 1, no tail is obtained and not time correction is necessary. 

 

Step 2:  The equation for infiltration over the basin area is:  

 

Q  =  2kt  Af  (H/2 + ψn) √ (t / π α) 

 

where: H/2 =  the average basin operating head for the peak design storm or 

half of the maximum basin operating head. 

Af = the basin horizontal cross-sectional area or plan flow area at 

H/2. 

 

Substituting values of soil parameters into the above equation, gives:  

Q = (2) (0.66) (H/2+0.054) √ (t/2.72) (Af) 
 
Q = 0.8 (H/2+0.054) √ t (Af) 

 

Step 3:  Estimate the range of the peak basin operating head, H, to be used in design in 

accordance with the following assumptions:  

 

1. From experience, the final design value of Q will be bracketed within the 

range of 0.29 Qip and 0.76 Qip; where Qip is the cumulative flow at the time 

when the corrected mass-inflow curve starts peaking. 

2. Also from experience, the area of the water surface, As, will lie within the 

range of 1.05 Af and 1.25 Af.  

 

The corrected mass-inflow curve as shown in Fig. 1A indicates it starts peaking 

approximately at coordinates, t=8 hours and Qip = 2.04x10
5
 m

3
. Substituting these two 
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numbers into the infiltration equation established in Step 2 and using the two above 

mentioned basin operating range criteria, yield the following equations: 

 

0.76 x 2.04x10
5 

= 0.8 (Hmax /2+0.054) √ 8 (As/ 1.25) 
 
0.29 x 2.04x10

5 
= 0.8 (Hmin /2+0.054) √ 8 (As/ 1.05) 

 

with As = 18,600 m
2
, Hmax= 9.1 m and Hmin= 2.84 m. 

 

Step 4:  Replot or trace the corrected mass inflow curve on a new sheet of graph paper (Fig. 

1B to permit convenient superposition of mass infiltration curves for various assumed 

peak operating heads. 
 

Step 5:  For a square basin with 1 on 2 side slopes, Af can be expressed in terms of H and As 

as follows: 

 

Af  =  As – 4 H √As  + 4 H
2
   

 

The infiltration equation then becomes: 

 

Q = 0.8 (H/2+0.054) √ t (As – 4 H √As  + 4 H
2
)  

 

Assume four values of the peak basin operating head between Hmax and Hmin and 

compute the cumulative infiltration for convenient values of time from the 

infiltration equation for each value of assumed H throughout the time period of 

interest.  

 

Plot these four accumulated infiltration vs. time curves on the graph prepared in Step 

4. Figure 1B shows the final plot as it will appear at the end of this step. 
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Figure 1A Time Correction for Mass Inflow Curve with Tail 
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Figure 1B Comparison of Inflow-Outflow Rates 
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Step 6:  In Figures 1B, scale off the peak differential, Q, between the mass inflow curve and 

each of the infiltration curves. This is most conveniently done with dividers. 

Calculated the basin volumes for the given value of As and for each value of assumed 

peak basin operating head. The following table provides simplified formulae for 

square, rectangular, and circular basin plans.  

 

Basin Type Pb As-Ab Basin Volume 

Square and 

Rectangular 

 

Ps – 8SH SH(Pb + 4SH) (Ab + As + √AbAs) H/3 

Circular 

 

Ps – 2HSπ SH(Pb + πSH) (2Ab + As + SH√πAb) H/3 

 

where : Pb = perimeter of basin bottom,  

 Ps = perimeter of water surface when basin operating head equals H, 

Ab = area of basin bottom, 

 As = area of basin top when basin operating head equal H, 

S =  side slope 1 vertical: S horizontal or cotangent of the angle between 

the basin side slope and a horizontal plane. 

π = 3.1416 

 

Next determine the difference between ΔQ and basin volume, and tabulate the 

information as follows: 

 

H 

(m) 

ΔQ 

(10
5
 m

3
) 

Basin Volume 

(10
4
 m

3
) 

ΔQ – Basin Volume 

(10
4
 m

3
) 

4.11 1.40 6.75 7.25 

5.36 1.17 8.48 3.25 

6.61 0.97 10.10 -0.31 

7.87 0.79 11.50 -3.54 

 

 

Step 7:  Graphically plot ΔQ – Basin Volume values against H and draw the curve as in Figure 

1C. The peak basin operating head H required for the basin is indicated by the point 

of intersection of the curve with the horizontal axis, in this case, 6.5 m. 
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Figure 1C Determination of Required Peak Operating Head, H 
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Step 8:  Check to verify that the distance from the basin floor to the groundwater talble is 

greater than 0.25H m (1.63 m) so that the developed infinite depth infiltration theory 

holds for the entire time span. In this case, the distance from the basin floor to the 

groundwater table is 8.5 m; therefore the theory holds. 

 

If the distance from the basin floor to the groundwater was found to be less than 

0.25H m, the design volume would have to be obtained through a combination of 

steeper side slopes or larger basin surface area than originally proposed.  

 

Step 9:  Determine the required basin volume and area of basin bottom using the relationship 

presented in Step 6. 

 

Design Summary:  The basin size and dimensions are as follows: 

Top:  136.38 m x 136.38 m, Area = 18,600 m
2 

Bottom:  110.36 m x 110.36 m, Area = 12,180 m
2 

Volume:  99,400 m
3 

Depth:  6.5 m 

 

APPROACH II (International System of Units (SI)) 

 

For the same subsurface conditions and data give in the Approach I example problem, determine 

the size and dimensions of the basin if the proposed peak basin operating head is 6.5 m. 

 

Step 1:  The same as Step 1 in the Approach I example problem. 

 

Step 2:  With the given values of H, α, kt, and ψn, the infiltration equation is established as 

follows: 

 

Q  =  2.64 √ t  Af   

 

Step 3:  Using the same approach as detailed in Step 3 of Approach I example problem, 

estimate the range of the basin surface area to be used in design. This leads to the 

following two limiting infiltration equations: 

 

0.76 x 2.04x10
5 

= 2.64 √ 8  (As (max) / 1.25) 
 

0.29 x 2.04x10
5 

= 2.64 √ 8  (As (min) / 1.05) 

 

thus As(max) = 25,954 m
2
 and As(min) = 8319 m

2
. 

 

Step 4:  The same as Step 4 in the Approach I example problem. 
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Step 5:  For a square basin with H = 6.5 m and side slopes of 1 on 2, Af in terms of As may be 

expressed as follows: 

 

Af  =  As – 26 √As  + 169  

 

Substituting this expression in the infiltration equation of Step 2 gives: 

 

Q = 2.64 √ t (As – 26 √As + 169)  

 

Assume four values of the basin surface area between As limits from Step 3. Next, 

compute the accumulated infiltration for convenient values for time from the 

infiltration equation for each assumed value of As throughout the time period of 

interest. Figure 2B show the comparison of inflow and outflow rates. 

 

Step 6:  Follow the same procedure as illustrated in Step 6 in the Approach I example problem 

and tabulate ΔQ, Basin Volume, and the difference between these values (ΔQ-Basin 

Volume) for each assumed basin surface area as follows: 

 

As  

(10
4
 m

2
) 

ΔQ 

(10
5
 m

3
) 

Basin Volume 

(10
4
 m

3
) 

ΔQ – Basin Volume 

(10
4
 m

3
) 

1.19 1.52 6.01 9.16 

1.54 1.23 8.05 4.29 

1.89 0.97 10.1 -0.43 

2.25 0.70 12.2 -5.19 

 

Step 7:  Graphically plot ΔQ – Basin Volume values against As and draw the curve as shown 

in Figure 2C. The intercept of the curve with the As axis gives the required As for the 

basin, in this case 18,600 m
2
. 

 

Step 8:  The same as Step 9 in the Approach example problem 

 

Step 9:  Design Summary:  The basin size and dimensions are as follows: 

Top:  136.38 m x 136.38 m, Area = 18,600 m
2 

Bottom:  110.36 m x 110.36 m, Area = 12,180 m
2 

Volume:  99,400 m
3 

Depth:  6.5 m 
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Figure 2B Comparison of Inflow-Outflow Rates 
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Figure 2C Determination of Required Basin Surface Area, As 
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PROGRAM “RECHARGE”– SEQUENCE OF OPERATION, INPUT DATA 

SEQUENCE, OUTPUT SEQUENCE AND 

ERROR MESSAGES 
 

1. Sequence of Operation  

a. The main program handles the initial input on material properties and basin geometric 

information. 

b. Subroutine SIEVE handles the required input for the specific surface analysis fro 

cohesionless soils, calculates specific surface of solids, and plots a soil grain size 

distribution curve. For detailed information on specific surface analysis of 

cohesionless oils, see Test Procedure For Specific Surface Analysis, Soil Test 

Procedure STP-1, Geotechnical Engineering Bureau, New York State Department of 

Transportation, August 1973. 

c.  Subroutine FLOW corrects the coordinates of the actual mass inflow curve to 

eliminate a tail or inflection, if existing, at early values of time and to plot the actual 

and the corrected mass inflow curves and infiltration-time curve. 

d. Subroutine HITA calculates the range of values of top basin surface aarea to be used 

in design for the problem where a peak basin operating head was given and 

established the infiltration equation for each assumed value of top basin surface area. 

e. Subroutine TAHI calculates the range of values of peak operating head to be used in 

design for the problem where a top basin surface area was given and established the 

infiltration equation for each assumed value of peak operating head. 

f.  Subroutine DESIGN plots the differentials between maximum mass storage and basin 

volume versus basin operating head or basin top surface area. Maximum storage is 

defined as the maximum differential between mass inflow and infiltration over the 

entire time span. 

g.  Subroutines OPENWS and CLOSWS prepare the screen for graphics output and 

return the computer to regular text mode, respectively. 

 

2. Input Data Sequence  

Each line of input should contain the following properties listed in the given order and 

separated by spaces between data. The sequence of input is as follows: 

a. 1
st
 line:  maximum 40 alphanumeric characters to identify the project title and PIN. 

b.  2
nd

 line:  1. type of problem, 2. peak operating head in feet or basin top surface area 

in ft
2
. 

If type of problem = 1.0, peak operating head is given 

= 0.0, basin top surface area is given 

c.  3
rd

 line:  1. basin shape, 2. side slopes and 3. ratio of length to width for the basin 

top surface area. 

If basin shape = 1.0, square or retangular basin plan 

= 0.0, circular basin plan 

For circular basin plan design, assign 0.0 to ratio of length to width for the 

basin top surface area. 

d.  4
th

 line:  depth to groundwater surface in feet (assume a value of 999 if no 

groundwater table is encountered), specific gravity of solids, moisture 
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content in the natural drained state expressed as a decimal (use 0.03 for 

gravels and sands, and 0.05 for silts), porosity of the soil, and degree of 

saturation in the transmission zone expressed as a decimal (can generally 

be assumed between 0.8 and 0.85 for silts and 0.7 for sand). 

 e.  5
th

 line:  Enter either 1.0 or 0.0. If the entry is 1.0, the program will calculate the 

value of saturated permeability of soil using the specific surface analysis, 

which requires additional inputs as detailed in f. and g. below. Note that, 

however, this analysis should only be applied to gravels and sands having 

not more than 5% finer than the No. 200 sieve. 

 

If the entry is 0.0, input values of DFIT and KS are required, where DFIT 

is defined as the soil particle size at 50% finer by weight and KS as the 

saturated permeability of soil in ft/hr. 

 

For sands and gravels, enter either 1.0 or 0.0. For silts and soils exhibiting 

plasticity, enter 0.0. 

f.  6
th

 line:  number of sets of data for specific surface analysis. Each set consist of 

three pieces of information as discussed in g. below. The maximum 

permissible number of data sets is 12. 

g.  7
th

 line:  data sets of grain-size analysis and shape factor. Each set consists of the 

following three pieces of information separated by spaces: 

 

1. The opening size, in millimeters, of the finer sieve in a sieve interval 

or d
2
 (Column 2 on Form SM 389). 

2. The percentage of the total specimen retained in that sieve interval 

(Column 5 on Form SM 389). 

3. The shape factor  

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX C 

EXAMPLE PROBLEM (COMPUTER – US Customary Units) 

EB 15-025  C-1  

 

 

The following pages show an example problem solved by RECHARGE. The pages that appear 

on the screen and the printer are indicated appropriately on the right-hand top corner of each 

page. Pages with the word –SCREEN—appear only on the screen and require user input or give 

directions concerning the output. Pages with the word –PRINTER—appear only on the printed 

output and re the only form of hardcopy you will acquire by running the program. 

 

Sequence for running RECHARGE is as follows: 

 

1. Start IBM-DOS or MS-DOS 

2. Insert the RECHARGE Program diskette into floppy drive A:. 

3. When “A:>” appears, type RECHARGE and then press ENTER to run the program. This 

enables the program to provide you with design results. 

4. Press the “Caps Lock” key. Leave this function activated while running the program. 

5. Follow the example problem starting on the next page.  

 

NOTE: All input values require decimal points unless otherwise indicated. 
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