text for scope and effect Internet site

Draft
Draft
Draft

03/19/98

Scope and Effect Equations
for
 Evaluating the Removal of Soil Saturation
for Wetland Hydrology Determination

ABSTRACT

An Internet site with wetland hydrology Scope and Effect equations programmed for use without downloading has been developed by the Wetland Science Institute through a cooperative agreement with the Agricultural Research Service's National Sedimentation Laboratory. The equations can be accessed at: 

http://www.sedlab.olemiss.edu/java/tools.html   


Additional Hydrology Tools for Wetland Determination will be added to the site in the future.

Introduction

The term “Scope and Effect” is used to describe an analysis of the areal extent and magnitude of the effect of activities such as ditching, tiling, diking, etc. on the site hydrology.

Scope and Effect equations are used to determine the extent to which existing drainage systems (or planned installations or maintenance) alter site hydrology as compared to National Food Security Act Manual (NFSAM) wetland hydrology criteria.

NFSAM should be consulted to determine the appropriate hydrology criteria (inundation, saturation, Farmed Wetlands, etc.) for the site and condition being evaluated.

The impact or effectiveness of a drainage system can be evaluated using the procedures outlined in Drainage of Agricultural Lands, National Engineering Handbook, Section 16 (USDA, 1971).

Soil Saturation Evaluation

While numerous water table drawdown equations are available, four have been determined to be applicable in evaluating a site to determine the effect of drainage systems on soil saturation. These equations are the Ellipse equation, the Hooghoudt equation, the van Schilfgaarde equation and Kirkham’s equation. The appropriate equation must be selected for the site conditions to be evaluated.

Description of Equations

Note: See the input screen for each equation to view a figure showing the various input variables. The input screen assists in the calculation of variables and weighted values.

The Ellipse equation may be used where soil saturation is the result of a high water table with a restrictive soil layer and the hydrology has been (or will be) altered with drains (surface or subsurface). The ellipse equation calculates the steady state drawdown condition for a given flowrate. The flowrate is expressed as a depth of water removed per unit of time (inches/day) which is called a drainage coefficient. The ellipse equation assumes that rainfall is occurring at the same time as drainage is occurring. Drainage coefficients used in the ellipse equation should be based on the site climate and soil water storage capacity (a full description can be found in Chapter 19, EFH, “Hydrology Tools for Wetland Determination” (USDA, 1997)).

Application of the Ellipse equation should be limited to the following conditions:

1. Where groundwater flow is known to be largely in a horizontal direction. Examples of this are stratified soils with relatively permeable layers acting as horizontal aquifers.

2. Where soil and subsoil materials are underlain by an impermeable barrier at relatively shallow depths which restricts vertical flow and forces the groundwater to flow horizontally toward the drain (depth to the impermeable layer below the drain (a) is less than twice the drain depth (d), and is less than ten feet).

3. Where subsurface flow to open ditches occurs, or where subsurface drains with sand and gravel filters or porous trench backfill materials are used to prevent restriction of flow due to convergence of flow at a small area.

4. Adequate surface drainage is present to remove ponding in the area being evaluated.

Ellipse Equation:
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where,

S = parallel drain spacing, ft
K = weighted hydraulic conductivity above the restrictive

 layer, in/hr
m = vertical distance after drawdown, of water table above

 drain and at midpoint between drains, ft
a = depth of barrier (impermeable layer) below drain, ft
q = drainage rate, in/hr


The variable "m" can be calculated form other parameters.

m =
d-c

d =
depth to drain from ground (or reference elevation) surface, ft
c =
depth to water table from ground (or reference elevation) surface after the

evaluation period, ft

The Hooghoudt equation is a modification of the ellipse equation that accounts for flow line convergence by using a function, effective depth (de), to replace the depth to the impermeable layer from the free water surface in the drain (a). This substitution allows more accurate analysis based on drain material types and installation methods. The only assumption or restrictions of the ellipse equation which are changed by the Hooghoudt modifications are flow convergence.

If the drain spacing is significantly larger than the depth to the impermeable layer (S/a>4) the calculation of the equivalent depth (de) is not valid and the equation should not be used.

If S/a<4, the depth to the impermeable layer is considered infinite and other methods should be used (see Chapter 4, NEH 16, Drainage of Agricultural lands).

Hooghoudt equation:
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where,

S' = estimated parallel drain spacing, ft
K1 = weighted hydraulic conductivity above the drainage

 feature, in/hr
K2= weighted hydraulic conductivity below the drainage

 feature, in/hr
Note: K1 and K2 do not have to be different

m = vertical distance after drawdown, of water table above

 drain and at midpoint between drains, ft
a = depth of barrier (impermeable layer) below drains, ft
q = drainage rate, in/hr


Using the estimated spacing (S'), an equivalent depth (de) is calculated from one of the following equations:
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Variables not defined previously are

de =
equivalent depth from drainage feature to impermeable layer, ft
re =
effective radius of the drain, ft (calculated by program)
( =
3.1416

Using the equivalent depth (de) in place of "a" the final spacing can be calculated with the Hooghoudt equation. This iteration is performed automatically on the Internet site.

The van Schilfgaarde equation was developed for non-steady state conditions with the assumption that rainfall is not occurring during water table drawdown. This equation evaluates saturation depth based on time (t), soil drainable porosity (f) and hydraulic conductivity (K). The use of effective depth (de) in place of actual depth may be used but requires an iteration process to solve the equation (performed by the program). The van Schilfgaarde equation is meant to be applied with no standing water above the tile line(s) and where rainfall is sporadic (moist subhumid to arid climates) rather than constant (humid and superhumid climates).

The NRCS uses a modified version of the van Schilfgaarde equation in which the drainable porosity is replaced with an adjusted drainable porosity, which accounts for the water storage (s) by surface roughness. If surface roughness is ignored (s=0), the equation is identical to the original van Schilfgaarde equation.

van Schilfgaarde equation
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The equation is first used with "a" in place of "de" to determine an estimated spacing S'. 

The equation variables are:

S =
drain spacing, ft

K =
hydraulic conductivity, ft/day (program takes in/hr and converts to correct units)
de =
equivalent depth from drainage feature to impermeable layer, ft
m =
height of water table above the center of the drain at midplane after time t, ft
m0=
initial height of water table above the center of the drain at t=0, ft
t =
time for water table to drop from m0 to m, days
 a =
depth from free water surface in drainage feature to impermeable layer, ft
f' =
drainable porosity adjusted for surface roughness, dimensionless (i.e. ft/ft)
  =
f + (s/(m0-m)
f =
drainable porosity of the water conducting soil, dimensionless
s =
water trapped on the surface by soil roughness, ft

s=0.0083 ft (0.1 in) would be typical

Note: set s=0 if unsure of appropriate value
S' =
estimated drain spacing, ft

The estimated spacing (S') is then used with the appropriate equation to calculate de.
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The calculated "de" is used in the van Schilfgaarde equation to determine the spacing (S). The process is repeated until "S" is within 10% of "S'" (this iteration is performed automatically in the Internet site).



Kirkham’s equation evaluates the flow through the soil of the water ponded above a tile line or system. It is often combined with the Hooghoudt or van Schilfgaarde equation to describe the total removal of the water (ponded and water table). Kirkham’s equation calculates the time to remove the ponded water, and the other drainage equation determines the time to remove the saturation to the specified depth. Kirkham’s equation is meant to be applied where the tile line(s) lies directly under the ponded water areas but the site has no surface inlets to the drain.

Kirkham’s equation

For parallel drains
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For a single drain
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For both equations the variable are:

Q =
drain flow rate per unit length of drain, ft3/hr/ft
k =
hydraulic conductivity, ft/hr (program converts in/hr to correct units)
re =
effective radius of drain, ft (calculated by program)

S =
spacing between parallel drains, ft
d =
depth from soil surface to centerline of drain, ft
t =
depth of ponded water, ft

( =
3.1416
h =
depth to impermeable layer, ft
n = 
summation value (i.e. 1,2,3,....)

Input Parameters

Hydraulic Conductivity (K, in/hr, all equations) is the saturated horizontal hydraulic conductivity. For layered soils, a weighted value is used (the program offers this option).

K = (K1T1 + ... + KnTn)/(T1+...+Tn)

where,

Kn =
hydraulic conductivity of the layer (in/hr)

Tn =
thickness of the layer (in)

n   =
number of the layers

Hydraulic conductivity should be obtained from field or laboratory methods, but can be approximated using the permeability information from a county soil survey, the National Soils database (www.statlab.iastste.edu/soils), or using MUUF data and computer program to calculate the value. 

The National Water and Climate Center has made the MUUF program and data available as downloadable files on their server (ftp://ftp.wcc.nrcs.usda.gov/water_mgt/muuf/). 

Also available is the soil water characteristics program from SPAW (ftp://ftp.wcc.nrcs.usda.gov/water_mgt/soilwatr). There is no technical support for the MUUF program or its data.

Drainable Porosity (f, dimensionless, van Schilfgaarde) is the volume of water that will be released per unit volume of soil by lowering the water table a unit depth. Drainable porosity can be measured in the lab or can be calculated from soil water retention data calculated by the MUUF program. An adjusted drainable porosity (f’) is used by NRCS to account for water trapped by surface roughness (s, inches), therefore f’ = f+ s/(depth of soil drained). The user may set s=0 if unsure of an appropriate surface storage value.

Drainage rate (q, in/hr, Ellipse, Hooghoudt) is the rate at which water must be removed to prevent the water table from exceeding the desired depth for a time period which would damage a crop (1 to 2 days). In drainage design this value has been based on crop damage in humid regions. The drainage rate required has been published in state drainage guides specific to climate regions. 

For wetland purposes drainage rate is used as the average rate water must be removed for the water table to fall below 12" below the surface for more than 14 days taking into account rainfall, evapotranspiration (ET) and soil water storage (12" and 14 days are specific to current soil saturation wetland criteria for non-sandy soils). Therefore this value is often the combination of drainable porosity, depth water table is lowered, time to lower water table, and the amount of water from rainfall that must be removed. The appropriate value to use for q should be based on 



                   (f*depth water table lowered) + rainfall - evapotranspiration  _
       q
=        time to lower water table for most critical period during the growing season 

The drainage rate (q) is a function of climate and should be evaluated locally. Long-term continuous simulation models could be used to evaluate area, state or regional drainage rate values. Appropriate values for drainage rate need to be evaluated by climate region and soil type.

In the program, "q" can be entered directly, or calculated from "c", "f", and "t".

Special Applications

In addition to being used to make wetland hydrology (soil saturation) determinations, the scope and effect equations can also be used to evaluate other soil saturation considerations related to wetlands. One of the most common situations involves evaluating if a new drainage system in the vicinity of a wetland will have any impact upon the hydrology of the wetland.

Impact of New Drainage System on an adjacent wetland

To use the scope and effect equations to evaluate the impact of a new drainage system on an existing wetland requires a new analysis of the input variables and what they represent.

NFSAM restrictions require that new systems do not result in a manipulation of existing wetlands. Manipulation is defined as the alteration of hydrology and/or removal of woody vegetation. The extent of change of hydrology that would constitute "alteration" is not defined.

In a practical sense, "no impact" is probably unattainable. However, it is possible to look at negligible impacts, especially in comparison to other conditions in the watershed. Therefore, it has been suggested that the inputs should now represent the climatic conditions for the critical period of the wetland. For instance, the van Schilfgaarde equation could be applied with all inputs remaining the same except for time (t), which would now represent a time period of concern. This new "t" may be the average interval of time between rainfall events of 1" or more (time between soil profile recharge). New "t" values could be based upon regional precipitation/evaporation records. Therefore for the same soils but different climates, the results would also be different, and yet results would be consistent across geo-political boundaries (county, state lines). 

Evaluation of water table drawdown by Evapotranspiration 

For some HGM subclasses of wetland, evapotranspiration may represent a significant driving force in the lowering of a water table near a wetland. The ET may in fact lower the water table to an extent that a drain installed in the soil profile may have negligible impact on the adjacent wetland (Jacobsen and Skaggs, 1997).

Again, the inputs must be evaluated for what they now represent. The value of "d" would now represent (see Jacobsen and Skaggs, 1997) the depth of the water table at which the upward flux can satisfy ET. The MUUF program can evaluate the upward flux. The calculated lateral effect (Le) represents the distance from the wetland at which the water table is maintained at the depth "d" by the wetland (balance between flux from wetland and evapotranspiration). The water table will be lower further from the wetland because there is no replacement moisture to maintain the water table. Therefore in this situation, a drain placed at a depth less than or equal to "d" and at least "Le" distance from the wetland will have negligible effect on the wetland. If a drain is placed deeper than "d", additional analysis must be made.

Other Considerations

Often other changes in a watershed may completely overwhelm any changes in local drainage conditions. Changes in watershed landuse may increase (parking lots) or decrease (row crops to forest) runoff volumes and rates, thereby considerably changing the entire water balance of the wetland system.

It is important that the entire hydrology situation of the wetland be assessed to determine the relative impacts of various components of the water balance of the wetland and its watershed. Don't assume that a new drain is the only or most important hydrologic impact.

MUUF Program

The MUUF program uses soil data from to calculate soil physical properties such as the saturated and unsaturated hydraulic conductivities and soil moisture retention curves. The drainable porosity and upward flux mentioned previously can be determined from the MUUF output. Historic data exists to run the program. The NRCS State Soil Scientist should be able to provide the MUUF program and MUUF datasets for an individual.

 The National Water and Climate Center has made the MUUF program and data available as downloadable files on their server (ftp://ftp.wcc.nrcs.usda.gov/water_mgt/muuf/). 

Also available is the soil water characteristics program from SPAW (ftp://ftp.wcc.nrcs.usda.gov/water_mgt/soilwatr). There is no technical support for the MUUF program or its data.
Discussion


The Scope and Effect equations are not a miracle answer to wetland drainage questions that some people assume or others promote. Rather, the equations provide analysis to a set of parameters imposed. The user must verify that the equation(s) is applicable to the site and site conditions, that the underlying assumptions of the equation are met, that the source and degree of confidence in the input parameters are known, and that the results are applied in a practical manner knowing the physical system being studied. It is important to analyze the site to insure that drainage measures are the greatest impact on the wetland hydrology rather than natural (ET) or man-made (land use changes) impacts.


The use of the scope and effect equation with at least one other hydrology tool will strengthen the confidence in any hydrology evaluation made.

Appropriateness of Equations

These equations will only provide correct answers if they are applied to the correct situation, the correct input values are determined, and if the correct situation is being evaluated (soil saturation removal). The input of the soil saturation wetland hydrology criteria directly into the equations (or to estimate drainage rate) may not be correct for the local situation. Individuals experienced with the equations should develop local input values to be used within a state or region.

Job-Approval-Authority


The Scope and Effect equations and the Internet site should only be used by NRCS employees with the approval of the responsible NRCS state technical authority and only by individuals with the proper NRCS Job-Approval-Authority.
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