


Lateral Effect Table Explanation
Ohio NRCS soil scientists and engineers have utilized a “batch mode” process for Rosetta/NDDrain that was developed in late 2015.  We began using this process in November 2015.

The batch calculations are made by North Dakota NDDrain x database 4-6-15.xlsm.

version of Rosetta used: 1.3 (Help – About Rosetta... says 1.2)

The old method of calculating lateral effect (LE) that we had been using was based on a drainable porosity value that represented the top 18” of soil, whereas the convention we now use for analysis is for a 12” drop of water table.

Further, the old method used soil survey published values for saturated hydraulic conductivity whereas the Rosetta predicted values of hydraulic conductivity takes into account the often marked difference between horizontal & vertical hydraulic conductivity.

An explanation of part of the process is in the American Society of Agricultural and Biological Engineers paper “Soil Data Preparation for Determination of Drainage Lateral Effect Using Rosetta Software”, available at http://elibrary.asabe.org/azdez.asp?AID=37277&T=2.

[bookmark: _GoBack]Information may also be found in the NRCS Engineering Field Handbook, Chapter 19, available at https://directives.sc.egov.usda.gov/viewerFS.aspx?hid=21429.




Process
We thought that it would be easiest to make a list generally by soil series name.  And we decided to make the list just for very poorly drained, poorly drained, and somewhat poorly drained soils.  These are generally the soils that are drained, and which generally need drainage to produce crops year after year.

There are about 200 series that are very poorly drained, poorly drained, or somewhat poorly drained.  These soils make up about 10,000,000 acres in Ohio.  The top 50 of these soils, by acreage, make up about 8,500,000 acres.

We used the Soil Data Access site queries that are embedded in the RosettaSQL_input data tool “RosettaSQL_input data tool tested 2015-11-18a.xlsm”.  We modified the queries to return all Ohio Components by series name.  We also modified the queries to return only major components, to sort by areasymbol, etc.  This may include taxadjuncts and variants, substratum phases, etc.  There is an “extra” query to run for each series that returns Local Phase, Component Kinds, Taxonomic Class, surface texture, etc., for help in deciding whether to keep all of the Components together, or to split by substratum phase, etc.  I have separated out variants, substratum phases, etc., if the NDDrain results were significantly different from those for the regular series.  If there are map units that appear to have a substratum phase, but the phase is not part of the map unit name, we mention that in column F.  (For example, some Sloan map units are not named “sandy substratum”, but look like they are just as coarse and permeable in the lower part.)

The options used in Rosetta are:
Model: Hierarchical ANN models
Predict: All Records
File: Export
Hierarchical Models – Predicted hydraulic parameters
Output mode (when applicable) – Linear

The file “RosettaSQL_input data tool tested 2015-11-18a.xlsm” is also the file that we used to make the NDDrain input files.

The options used in NDDrain are:
Surface roughness storage, s (in): 0.1
Distance from ground surface to barrier (ft): 10
Initial Water level height over barrier, h1 (ft): 10
Final Water level height over barrier, h2 (ft): 9
Range of drain depths to calculate (ft): 2, 8
Depth increment (ft): 1
Time for water drawdown, T (days): 14

We used 2 feet through 8 feet for range of drain depths to account for both tile and ditches.  NDDrain calculates lateral effect for tile sizes of 3, 4, 5, 6, 8, 10, and 12 inches, and for open ditches, for the user input range of depths at the user input depth increment.

We decided to use NDDrain output (xxx_LatEffData) for 4 inch tile from 2 to 5 feet depths and open ditches from 2 to 8 feet depths, with an increment of 1 foot.  We realize that each specific combination of tile size (or open ditch) and installation depth may be rarely used.  But using these options gives the desired results, and allows us to run NDDrain only once for each soil.

We decided to use the mean of the results (for 4 inch tile and for open ditches at each depth increment) returned with NDDrain for each soil series.  We thought about weighting by number of map units that use the same given component, acreage used by each component, age of the data, etc.  It was decided that approach might be a lot of analysis without much added benefit.  So we decided to use the mean without any kind of weighting.  We noted that the size of the tile doesn’t have as much of an effect on the results as does the depth of installation.  And the results for each map unit were generally pretty close to each other.  4 inch tile is the standard in Ohio for laterals.

We decided to round the lateral effect number to the nearest 5 feet for LE 0-100 feet.  For LE over 100 feet, we rounded down to the nearest 10 feet.  We may want to show an increase in lateral effect numbers between adjacent install depths, and so may need to take some liberties in rounding.  (See the unrounded lateral effect numbers for open ditches for Pewamo at 5, 6, 7, and 8 feet.)

Values for some of the coarser soils came out really high, some over 1,000ft.  We (Bruce Atherton, Steve Baker) decided to cap the numbers at 400 feet, at Steve’s suggestion.  It looks like the values in the Minnesota tables were capped at 400ft also.  Values for some soils in the South Dakota tables are also very high (over 800ft), but these apparently were left as calculated, without rounding or capping.

This is the list that we will maintain in FOTG.  We will keep the NDDrain output (xxx_LatEffData) for each series as documentation on SharePoint or somewhere else not available to the public.

NDDrain batch mode version uses the van Schilfgaarde equation.

EFH Chapter 19 says “The van Schilfgaarde equation, which is a nonsteady state equation, was developed for fields with a pattern tile system, but has an adaptation for a single line. The Skaggs method (Skaggs 1976) was developed for the situation involving a single drain installed a distance away from a wetland.”


The Minnesota guide “Drainage_setback_guidance.pdf” says that Wisconsin NRCS compared lateral effect for a ditch vs. a 4 inch tile for 40 soils.  They found that the difference in lateral effect averaged 3.7%.  I checked a few series.  The average of the difference for the A series and the R series is -8.7%.  I think that this may be too much of a difference to combine ditches with tile.  Also, I think this makes it cleaner to separate tile (2 to 5 feet install depth) and ditches (2 to 8 feet install depth).

Soil data used was downloaded from the Soil Data Access site generally between November 2015 and September 2016.  Of course, this data was unchanged during this period; so it would be considered to be generally the FY2016 version.

Here are the queries (with Millgrove as an example):
raw data query
SELECT areasymbol collate database_default + musym AS areasymbol, compname collate database_default + cast (component.cokey AS char) AS compname, chorizon.hzdept_r, chorizon.hzdepb_r, chorizon.sandtotal_r, chorizon.silttotal_r, chorizon.claytotal_r, chorizon.dbthirdbar_r, chorizon.wthirdbar_r/100 AS wthirdbar_decimal, chorizon.wfifteenbar_r/100 AS wfifteenbar_decimal
FROM (legend INNER JOIN (mapunit INNER JOIN component ON mapunit.mukey = component.mukey) ON legend.lkey = mapunit.lkey) INNER JOIN chorizon ON component.cokey = chorizon.cokey
WHERE legend.areasymbol like 'OH%'
AND compname LIKE '%Millgrove%'
AND majcompflag LIKE 'yes'
ORDER BY areasymbol, musym, compname, chorizon.hzdept_r

pct query
SELECT areasymbol collate database_default + musym AS areasymbol, compname collate database_default + cast (cokey AS char) AS compname, comppct_r
FROM legend
INNER JOIN mapunit ON legend.lkey = mapunit.lkey
INNER JOIN component ON mapunit.mukey = component.mukey
WHERE legend.areasymbol like 'OH%'
AND compname LIKE '%Millgrove%'
AND majcompflag LIKE 'yes'
ORDER BY areasymbol, musym, compname

“extra” query
SELECT areasymbol, musym, mapunit.muname, compname, localphase, compkind, taxclname, chorizon.hzname, chorizon.hzdept_r, chorizon.hzdepb_r, chtexturegrp.texdesc
FROM (legend INNER JOIN (mapunit INNER JOIN component ON mapunit.mukey = component.mukey) ON legend.lkey = mapunit.lkey) INNER JOIN chorizon ON component.cokey = chorizon.cokey LEFT JOIN chtexturegrp ON chorizon.chkey = chtexturegrp.chkey
WHERE legend.areasymbol like 'OH%'
AND compname LIKE '%Millgrove%'
AND majcompflag LIKE 'yes'
AND hzdept_r = 0
ORDER BY areasymbol, musym, compname, chorizon.hzdept_r



We considered the “barrier” in NDDrain input to be bedrock only, not dense till or any other restrictive feature.  So for soils without bedrock, we used 10 feet as the distance from the surface to a barrier.  We tested some series using depth to dense till as the depth to barrier.  It affected the lateral effect output only a little.  Any effect that dense till or any other non-bedrock restrictions would have on NDDrain output would be through bulk density and/or water content.

The Minnesota guide “Drainage_setback_guidance.pdf” has some guidance on lateral effect numbers for muck soils.  http://www.bwsr.state.mn.us/wetlands/delineation/Drainage_setback_guidance.pdf
The LE numbers for our only deep organic soils (Carlisle, Kerston, and Pinnebog) generally agree with the MN guide.

Rosetta doesn’t work with 0 or null or -9.9 in sand or silt or clay.  So, of course, it doesn’t work for organic horizons.  We tried a couple different things to get past this.  For the series that have organic layers and mineral layers, I used particle size data from the mineral layers for the organic horizons.  I basically just averaged the particle-size separates for the mineral horizons in all of the components.  This makes sense to me, as most of the affected series are muck over mineral, and most of the tile/ditch install depths are within the mineral material.  For the series that are all organic (Carlisle, Kerston, Pinnebog) we tricked Rosetta by using arbitrary numbers for sand/silt/clay.  (We did the same thing for soils like Edwards, where the non-muck horizon is marl, and Muskego, where the non-muck horizon is coprogenous earth.  These horizons have somewhat made-up numbers for sand-silt-clay.)  We guessed that a high silt content would mimic the water retention properties of muck, so we used 5% sand, 90% silt, and 5% clay.  Or we used 25% sand, 50% silt, and 25% clay.  And then averaged these all together.  This isn’t perfect.  But again, most of our organic soils have mineral soil material in the bottom part.

Specific instructions are given in the South Dakota materials for situations where tile would intercept water going to discharge wetlands, and for situations where tile would intercept water from a perched water table that feeds into a wetland.

It must be remembered that what we are considering is the lateral effect of tile/ditch in the wetland soil and all of the soils up slope of the wetland, where the tile/ditch is being installed.  Of course, the tile could potentially affect both soils.  See pages 8 and 9 of ND_Lateral_Effect_Policy for instructions on how to calculate setback where tile will affect both soils.  What the lateral effect numbers represent is homogenous soil conditions in a level field.

For bedrock soils, I had to delete the bedrock horizons in the Rosetta input file.  And then, in the NDDrain screen, I used the deepest number, to tenth of a foot, above bedrock, in “distance from surface to barrier” and “initial water level height over barrier”.  So for a soil with bedrock at 20-40in, I used 3.3ft (~39.6in).  And the high range in the “range of drain depths to calculate” needs to equal the 3.3 number, or close to it.  I found I could make it run with 3.3 and increments of tenths up to and including 3.9.  But 4.0 didn’t work.  I don’t understand how this works.

I think most of the numbers make sense.  We wonder if the really big numbers for some of the outwash soils are realistic.  Holton, Homer, Lippincott, Shoals, coarse subsoil variant, and Sleeth are examples.  I think the numbers for the soils that have organic materials generally make sense, except maybe for McGuffey and/or Muskego.

The file “Steps to run batch mode version...” details the procedure we used for the batch mode process.









How the programs work
As we run it, NDDrain is not for a single drain.  It uses the van Schilfgaarde equation.  It assumes systematic drainage.  It assumes a second tile 2x the LE distance away.

An LE number = x means that the tile at the given depth will draw down a water table at the surface to a depth of 1 foot up to x feet away within 14 days.  (Of course, you would expect the draw down to be greater closer to the tile.  I don’t know if it’s mentioned in the documentation, but you would at least expect draw down depth around the tile to be at least 1 foot.  Diagrams in the documentation show final water table in the vicinity of the tile at 14 days to be at the level of the tile.)

For example, with an LE of 60ft, you expect the tile to lower the water table from the soil surface to a depth of 1 foot, up to 60 feet from the tile, in 14 days.

This assumes normal rainfall.  I think it would also assume no recharge from other sources, such as discharge from up slope or down slope.

There was some question about whether the time period should be different for Ohio, as our annual rainfall is more than the states where most of NDDrain development and testing took place.  So it would take less time to accumulate 1 inch of rain in Ohio.  The Help menu from the stand-alone version of NDDrain says:

“From the state Climatic Factor Zones map, select the number of days it takes to accumulate 1" of rain in May.   Enter the days for Time For Water Drawdown, T.  Throughout the 4 state region this value varies from about 10 to 20 days. The climatic data map is to be used only for drainage systems located outside of the wetland. To use these equations for evaluation of scope and effect for systems within a wetland, 14 days will be the only time factor used.  If unsure of the value, contact your state hydrologist, climate data liaison, or wetland specialist.”


I tested a couple series with the stand-alone NDDrain version as a check, on a few series.  Other than rounding with the batch mode process, the numbers agree.

I also checked some of the results with the Skaggs equation in the stand-alone version.  The LE numbers were a little different, but differences between the map units in each series were about the same between the 2 equations.  Skaggs LE for Aetna were 2-6% different than van Schilfgaarde, either lower or higher.  Skaggs LE for Bennington were 29-43% higher.  Skaggs LE for Colwood were 17-105% higher.  Skaggs LE for Hoytville were 20-24% higher.





What the results mean
The Minnesota guidance makes the point that lateral effect and setback distance “are not interchangeable.  In the judgment of NRCS staff, the setback distance is the minimum distance, in feet, from the wetland boundary to the centerline of the tile line or to the toe of the ditch bank for drainage ditches necessary to minimize adverse hydrologic impacts to adjacent wetlands.”  The distinction seems to me to be minor, or is a matter of semantics.  I don’t know if they consider “lateral effect” to be the distance that tile or a ditch will effectively drain for purposes of crop production, and if they consider the term “setback” a more stringent requirement for wetland protection purposes, a distance beyond which there is no possible way that wetland hydrology will be affected?

Again, this method is for systematic drainage.  However, I can see the application of the LE numbers being used to determine how a single tile installed adjacent to a wetland will affect that wetland.  Probably it will even be used to determine how close a single tile can be installed to a wetland without affecting the hydrology of that wetland.  However, if we had been able to calculate LE numbers based on a single drain, the results would have been close to the results we got anyway, according to documentation from the other states.  Also, it makes sense that while we are assuming systematic drainage, the tile closest to the wetland is going to have the most impact on the wetland.  I don’t think a 2nd tile a certain distance from the tile closest to the wetland would have much of an effect on the wetland, and I would not expect it to add to the drawing power of the 1st tile.

I assume the numbers are for a level slope, homogenous soil material, with no contribution of surface water from up slope or down slope, etc.

We experience different situations, of course.  I assume the normal situation is where we want to know how much of an effect a tile will have on the adjacent wetland that we want to protect, or how close we can put a tile to a wetland we want to protect.  One question is with the shape of the wetland and how much of its border we think we can tile around.  This is affected by hydrology and elevation.  Which is common sense.

There may be cases where the hydrology would be little affected by any kind of installation because the amount of water going into the wetland is so great.

And we need to consider elevation changes going up slope, and how that affects the depth at which we can install tile.  If the LE number is 100ft, and the elevation rises 3ft by the time you get 100ft away from the wetland boundary, then can you install tile 3ft deep at less than that 100ft distance?  (Assuming your LE = 100 feet for a 3 foot deep drain on level ground, then an elevation rise of 3 feet in 100 feet would mean the effective depth of the drain would be 0 feet.  Or, on the same slope, a drain at 3 feet below ground surface, 67 feet away, would have an effective depth of 1 foot.)  Again, does it matter what the soil is?  Other states have attempted to provide guidance on how to account for elevation changes and how to use the weighted average of LE numbers of all the soils on the site.

There are probably areas where the wetland is recharged from groundwater coming from down slope and/or from ground water/streamflow, or from artesian pressure.




