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Wetland Hydrology Analyses and the Lateral Effect Method 
Jerry D. Walker

Abstract.	   DRAINMOD simulations were conducted on a wetland restoration site near Greenville, NC at maximum storage values of 1, 3, 8, and 15 cm. Wetland hydrology assessment was very sensitive to changes in STMAX between 1 and 3 cm, sensitive but less so between 3 and 8 cm, and not sensitive to changes in STMAX >8.  At an STMAX of 3 cm, threshold drain spacing was determined to be 60m.  The soil input file was modified to vary the drainable porosity by + 25% and +50%.   Negative errors in drainable porosity of -25% and -50 %, resulted in almost the same percent errors in wet years predicted (-24, and -52% respectively).  Wet years simulated at positive errors in drainable porosity of +25 and +50% resulted in positive errors in wetland years of 16% and 28%.  DRAINMOD simulations were run on the Poole Tract also  in an effort to comment on a consultant’s claim that a given 1.5 m deep ditch removes wetland hydrology for a 300 m strip with the ditch in the center.  DRAINMOD simulations were conducted on the Poole site to determine a threshold drain spacing of 86 m. The threshold spacing (86 m) determined by DRAINMOD corresponds to a lateral effect assuming of ½ the drain spacing (42m).  This compares to a consultant’s lateral effect of 150 m.  DRAINMOD should not be used to make this call.  The model is in this case being used outside its intended scope, however, because it gives a high side approximate estimate of lateral effect it provides information that in some cases might be very useful. The Lateral Effects Method was used on the Poole Tract to calculate lateral effects of 30.3-30.9 m.  
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[bookmark: _Toc133988868]Objectives
Objectives Problem 5.1
1. Determine whether Phillips Tract has wetland hydrology according to 1987 Corps of Engineers Wetlands Delineation Manual but using 14 days of continuous saturation with given input.
2. Determine whether Phillips Tract has wetland hydrology if STMAX is 1 cm, 8 cm, and 15 cm. 
3. Tabulate and plot wet years for each STMAX
4. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Tabulate Avg runoff, drainage, ET, and infiltration for each STMAX.
5. For STMAX of 3 cm, determine threshold drain spacing such that wetland hydrology is barely satisfied (i.e. satisfied half the years of record).
6. Tabulate and plot the wet years for the drain spacings simulated.
7. Determine sensitivity of threshold drain spacing to drainable porosity by examining results of DRAINMOD simulations for drainable porosity changes of + 25% and + 50% in the top 30 cm.
8. Tabulate and Plot the wet years for each percent change.
Objectives Problem 5.3
1. Use DRAINMOD simulations on different drain spacings to estimate lateral effects based on a given ditch geometry on the Poole Tract and comment on consultant claim that .lateral effect is 150 m.   
2. Tabulate and plot wet years for the drain spacings simulated. 
Objectives Problem 5.4
1. Using the Skaggs Lateral Effect method (Phillips et.al, 2010) to estimate the lateral effect of the ditch given in Problem 5.3 at the Poole Tract.   
2. Perform calculations by hand and with Lateral Effect software and tabulate results. 
Methods
Problem 5.1 Methods:  
A DRAINMOD input file was created for the Phillips Tract based on input conditions given in the problem statement on a Rains Sandy Loam. The effective ditch depth of 0.9 m was used in all simulations rather than the constructed 1.2 m depth.  A Kirkham’s depth of 0.6 x STMAX was used for all simulations in the problem.  DRAINMOD simulations were run initially for a maximum surface storage (STMAX) of 3 cm.   The wetland simulation was run on 50 years of weather records (1951-2000) from Greenville, NC.  The DRAINMOD output “.wet” file provided number of years wet (saturated conditions in the top 30 cm of soil for 14 continuous days at least once a year during the specified growing season).  A determination was made for initial conditions whether the site was wet (had wetland hydrology).   DRAINMOD simulations were then conducted on the same site for STMAX values of 1 cm, 8 cm, and 15 cm.  A wetland hydrology determination was made for each of the STMAX values.  Average annual drainage, ET, and infiltration for each STMAX simulated was recorded and tabulated from the yearly output files.   Using the initial 3 cm STMAX various drain spacings were simulated in a trial and error method until the threshold spacing that provided wetland hydrology with a 2 YRI (25 years wet).  For the threshold drain spacing and 3 cm STMAX, the sensitivity of the solution to drainable porosity was examined.   Drainable porosity is calculated by dividing the difference in volume drained at 2 water table depths divided by the difference in water table depth, if both volumes drained are changed by the same percentage, drainable porosity is changed by the same percentage.  Hence, DRAINMOD simulations were run for the threshold conditions but with volume drained versus depth input data changed to the 30 cm depth by + 25% and + 50%volume drained .  To insure volume drained input increased with depth, volume drained input data at the 40 cm water table depth was increased from 2.3 to 2.5 when simulating +50% errors in drainable porosity.   
Problem 5.3 Methods:  
A DRAINMOD input file was created for the Poole Tract near Greenville NC, based on the same soil and site conditions as the Phillips Tract.  A consultant claims that the presence of 1.5 m deep ditch, 0.6 m wide at the bottom and with a 1:1 side slope, and an effective radius of 25 cm and surface storage of 2.5 cm removed wetland hydrology for a strip of land 150 m wide on either side of the ditch (theoretically equivalent to multiple drains with a 300 m spacing).  DRAINMOD simulations were conducted with various drain spacings in a trial and error method to determine the drain spacing that would just meet the wetland hydrology requirement (2 YRI).  The resulting threshold drain spacing was compared to the 300 m equivalent drain spacing reported by the consultant.    A discussion was provided concerning whether the consultant was correct and whether DRAINMOD was a suitable tool for use in making this assessment. DRAINMOD predicted wet years were tabulated for the drain spacings simulated.
Problem 5.4 Methods:  
A lateral effects assessment of the ditch given in Problem 3 on the Poole Tract near Greenville NC, in Pitt County was conducted using the Skaggs Lateral Effects Method (Phillips et.al, 2010).   Drainable porosity was approximated by dividing of volume of pore space in Given Rains soil at 30 cm depth divided by 30 cm.  T25 for 1.5 m ditch depth was obtained for Pitt co from the CTE/NCDOT- Final Report (2006). Based on the ditch depth, depth to impenetrable layer, drainable porosity, effective hydraulic conductivity, T25 (time in days to drawdown water table from surface to 25 cm), the Bousinesq Equation was used to calculate the lateral effect of the ditch.  
The same input was entered in the Skaggs Lateral Effect Software and results obtained. 
Results
Problem 5.1 Results:  
Table 1.  Impact of Surface Storage on Wetland Hydrology
	Effective Drain Depth - 0.9 m, Drain Spacing -   100 m 	Comment by Brian D Phillips: good
	 
	Average Annual

	STMAX (cm)
	No. Wet Years
	Runoff (cm)
	Drainage (cm)
	ET(mm)
	Infiltration

	1
	26
	22.43
	15.34
	87.25
	102.61

	3
	41
	11.92
	24.43
	88.65
	113.12

	8
	48
	3.24
	31.57
	90.17
	121.8

	15
	48
	0.92
	32.18
	91.86
	124.11






Figure 1. Plot of Wet Years versus Maximum Surface Storage (STMAX) for Phillips Tract (Table 1)
Table 2.  Wet Years simulated to determine Threshold Drain Spacing (25 wet years) at STMAX = 3 cm 
	Drain depth - 0.9 m, STMAX - 3 cm

	Drain Spacing 
	Wet Years

	100
	41

	75
	32

	65
	28

	60
	25

	55
	21




Figure 2. Plot of Wet Years versus Drain Spacing at STMAX =3 cm, for Phillips Tract (Table 2) 
Table 3.  Effect of errors in drainable porosity on predicted number of Wets Years in 50 years of record, and % error in Wet Years, drain depth 90 cm, and threshold drain spacing of 60 m
	% Error  DP
	Wet Days	Comment by Brian D Phillips: Years
	% Error Wet years

	-50
	12
	-52

	-25
	19
	-24

	0
	25
	0

	25
	29
	16

	50
	32
	28





Figure 3. Plot of wet years versus percent error in drainable porosity from table 3



Problem 5.3 Results:  
Table 4.  DRAINMOD Simulations results used to establish threshold drain spacing of  86 m,  for drain depth of 1.5 m on Poole Site
	Drain Spacing 
	Wet Days	Comment by Brian D Phillips: Years

	150
	42

	90
	26

	86	Comment by Brian D Phillips: good
	25

	84
	23

	80
	22

	75
	19




Figure 4. Plot of Wet Years versus drain spacing from Table 4


Problem 5.4 Results:  
Table 5.  Hand computation and software results of lateral effect assessment on Poole Tract using Skaggs Method.
	Lateral Effect Distance  (m)	Comment by Brian D Phillips: good

	Hand Computations 
	30.3

	From LE Software
	30.9



The Lateral Effects software output report is included in Appendix A. Detailed hand computations are included in Appendix B.  
[bookmark: _Toc133988887]Discussion
Problem 5.1
Based on a DRAINMOD simulation of the initial given input in Problem 5.1 the Phillips Tract has wetland hydrology (COE, 1987). The initial assessment was for a maximum surface storage (STMAX) of 3 cm. A DRAINMOD simulation of the initial condition indicated that wetland hydrology was maintained for more than 25 years out of 50.  Additional simulations were conducted at maximum storage values of 1, 8, and 15 cm. Wet daysyears resulting from these simulations are shown in Table 1 and plotted in Figure 1.  Wet days simulated and shown in Table 1, indicate that for all values of STMAX simulated wetland hydrology was maintained more than 25 years out of 50.  Figure 1 would indicate that for this site it would be important to obtain accurate field STMAX values, when less than 8 cm.  The wetland hydrology assessment was very sensitive to changes in STMAX between 1 and 3 cm, sensitive but less so between 3 and 8 cm, and not sensitive to changes in STMAX >8.  From Table 1, it can be seen that as STMAX increases from 1 to 15 cm, average annual runoff decreases by 96%, drainage increases (110%),   infiltration increases (21%), and ET (5%).  
The STMAX was reset to 3 cm and Kirkham’s Depth of 1.8 cm(0.6 x STMAX) and a number of DRAINMOD simulations were conducted on the Phillips site to determine the threshold drain spacing which barely provided wetland hydrology (half the years of record - 25yr).  From Table 2, a drain spacing of 60 m gave 25 wet years of 50, and is the threshold drain spacing for this input. 
The soil input file was modified to vary the drainable porosity by + 25% and +50% and DRAINMOD simulations conducted for the threshold condition.  The results contained in Table 3 and plotted in Figure 3 indicate that negative percent errors in drainable porosity of -25% and -50 %, resulted in almost the same percent errors in wet years predicted (-24, and -52% respectively).  Wet years simulated at positive errors in drainable porosity of +25 and +50% resulted in positive errors in wetland years predicted of 16% and 28%.  This would indicate that the soil volume drained with water table depth data is very important to achieving a representative and accurate simulation.  	Comment by Brian D Phillips: Lower drainable porosity soils have a more flashy nature.  Small amounts of ET or drainage can cause large water table drops, and small amounts of infiltration can cause the water table to rise quickly.  Therefore the water table tends to rise and fall within a shorter amount of time, reducing the chance that it will satisfy the wetland criteria.

Problem 5.3
DRAINMOD simulations were run on the Poole Tract with given provided in the problem statement in an effort to comment on a consultant’s claim that a given 1.5 m deep ditch removes wetland hydrology for a 300 m strip with the ditch in the center.  A number of DRAINMOD simulations were conducted on the Poole site to determine a threshold drain spacing of 86 m which would barely provide wetland hydrology (half the years of record - 25yr).  
DRAINMOD simulations predict conditions between drains rather than on one side of a drain.  DRAINMOD would not be an appropriate tool to use in conducting a lateral effect assessment on a single drain. The threshold spacing (86 m) determined by DRAINMOD would indicate that if there had multiple drains spaced 86 m apart the point in the center between the drains would have barely met wetland hydrology criteria.  The lateral effect assuming ½ the drain spacing would be the lateral effect distance (on one side of drain) would be 42m.  Since there is actually only a single drain, the actual lateral effect would be less than that predicted by DRAINMOD with an additional assumed but nonexistent drain.  This is because DRAINMOD results are impacted by the second nonexistent drain.   Assuming all the input was accurate the 42 m lateral effect approximation should be larger than the actual value.   Based on this result I would say that if the input we used with DRAINMOD is accurate the consultant’s lateral effect of 150 m might be a bit on the high side.  Depending on the relationship with the consultant, I might suggest to the consultant that he review my input, and/or his as well as his input data and procedures.   If the relationship was less cordial I would likely look much closer at my input data and any monitoring data that is available to check the need to edit the input data and rerun.   As noted in Problem 5.1 results surface storage, and drainable porosity can have a major impact on DRAINMOD results.  We don’t know how much monitoring, soil testing, and field surveying the consultant has done.  The consultant may have a lot more data on the site than us. I would not make an absolute statement relating to whether I thought the consultant was correct based on the information that was given.  DRAINMOD should not be used to make this call.  We are using the model in this case outside its intended scope, because it gives us a high side estimate of lateral effect, which in some cases might be useful.    
Problem 5.4
In a follow-up to Problem 5.3, the Skaggs Lateral Effects Method of assessment was used to estimate lateral effect distance for the single given 1.5 m deep ditch.  This method is an appropriate procedure for conducting a lateral effect assessment of a single ditch.  The procedure was followed with hand computations resulting in a 30.3 m lateral effect distance, and using the Later Effect Model which calculated 30.9 m.  These values compare to the DRAINMOD rough estimate of 43 m.  The results would indicate the consultant may be high on the lateral effects.   I would have to know more about the situation before deciding what I would do with this information.   
Summary and Conclusions
	DRAINMOD wetland hydrology assessment results are impacted significantly by surface storage and soil properties.  If estimating or doing preliminary planning estimating input data may be adequate to get a starting point.  Accuracy of input data is critical to insuring the threshold values predicted are reasonable.  On site data and some form of model calibration is needed to verify results are reasonable.  The scale of a project will impact the effort expended to obtain input data.  The more expensive the construction project, and higher the potential for mitigation, regulatory fines, or litigation, the more effort should be put into obtaining site specific field input and monitoring to calibrate the model.   The Skaggs Method of lateral effects assessment is a useful tool for estimating lateral effects assessment. DRAINMOD appears to give a pretty useful preliminary estimate of lateral effects.   
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Appendix A
*****************************************************************************
	---Lateral Effect Program Summary--
	Application of Skaggs Method
	Copyright 2006-2011. Brian D Phillips, R Wayne Skaggs, GM Chescheir
	North Carolina State University Dept of Biological & Agricultural Eng
	Version: 2.5.50.0
	Project Run Date and Time: 2/15/2011 2:07:13 PM
	***********************************************************************
	Project Information
	------------------------------------------------------------------
	Project :  Poole Tract Lateral Effects
	User:  Jerry Walker
	Company / Agency:  USDA/NRCS
	Department:  Engineering

	Project Location:  Pitt CO, Near Greenevile, NC
	Project Coordinates:  35D, 38M
	Soil ID:  Rains
Notes:  Poole Tract; Rains FSL (hydric); Natural Vegetation is Hydrophytic; effective RZ=30cm year round; Growing season dates 74 to 320, respectively from WETS Table; HI is 76; LAT is 35D 38M; DC 2.5 cm/day; Depth to RL-250cm.    

	Site Parameters
	------------------------------------------------------------------
	State:  North_Carolina
	County:  Pitt

	Surface Storage:  1 in (2.5 cm)
	Ditch Depth or Depth to Water Surface:  4.92 ft
	Depth to Restrictive Layer:  8.333 ft
	Drainable Porosity:  0.05333

	Hydroperiod:  14 days

  User defined T25 or Default T25:  USER
	  T25 value:  11.7 days

  User defined Conductivity or Soil Survey Conductivity:  USER
	Weighted Hydraulic Conductivity:  1.1040 in/hr

	Hydraulic Conductivity Data by Layer 
		Bottom Depth of Layer in Conductivity in/hr
	Layer 1		  12			4.8
	Layer 2		  100			0.6
	Layer 3		  0			0
	Layer 4		  0			0
	Layer 5		  0			0
	Layer 6		  0			0
	Layer 7		  0			0
	Layer 8		  0			0
	----------------------------------------------
	Lateral Effect: 103.3 ft
	----------------------------------------------
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Number Wet Years	1	3	8	15	26	41	48	48	2 YRI Wetland Hydrology Met	1	3	8	15	25	25	25	25	STMAX(cm)
Wet Years
Wet Years	100	75	65	60	55	41	32	28	25	21	Drain Spacing (m) 
Wet Years
Wet Days	-50	-25	0	25	50	12	19	25	29	32	Percent error in drainable porosity
WetDays
Wet Days	90	86	84	80	75	26	25	23	22	19	Drain Spacing (m)
Wet Days 
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Table 1. Lateral hydraulic conductivity of the Phillips tract.

Lateral

Depth (m)  Conductivity (cm/hr)
0-03 12
03-25 15
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The Phillips tract was not cleared or shaped after tree harvest: natural
vegetation was allowed to regenerate. Surface storage (STMAX) is
approximately 3.0 cm. Kirkham’s Depth may be estimated as 0.6 STMAX.

Use DRAINMOD to determine if the Phillips tract has wetland hydrology
according to the 1987 Corps of Engineers Wetlands Delineation Manual but
using 14 days of continuous saturation. Base your analysis on a 50 year
simulation (1951-2000) using the Greenville weather set.
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Use DRAINMOD to determine if the Phillips tract has wetland hydrology
according to the 1987 Corps of Engineers Wetlands Delineation Manual but
using 14 days of continuous saturation. Base your analysis on a 50 year
simulation (1951-2000) using the Greenville weather set.

‘Would it have wetland hydrology if STMAX =1 cm? STMAX =8 cm?
STMAX =15 cm?

» Tabulate and plot the wet years for each STMAX.

» Tabulate the Avg Annual runoff, drainage. ET. and infiltration for each
STMAX

For STMAX = 3.0 cm, what is the threshold drain spacing such that the
wetland hydrologic criterion is barely satisfied? i.e. satisfied in 1/2 of the
years?

» Tabulate and plot the wet years for the drain spacings simulated

For the threshold spacing. how sensitivity is your solution to drainable
porosity? Perform simulations for drainable porosity changes in the top 30
cm of +/- 25% and +/- 50%. Remember the volume drained is cumulative,
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you may need to adjust some volumes drained deeper than 30cm.

» Tabulate and plot the wet years for each percent change
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3.(50 pts.) A single ditch runs through another restoration site near Greenville,
NC. the Poole tract. The Poole tract has the same soil and site properties as
Phillips tract. The ditch is 1.5 m deep. 0.6 m wide at the bottom with 1:1

side slopes. and an effective radius of 25 cm. Surface storage is estimated to
be 2.5 cm.
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A consultant claims that the presence of the ditch removes wetland
hydrology for a strip of land 150 m wide on either side of the ditch. That is,
he claims that the hydrology has been converted to "upland” conditions on a
300 m wide strip with the ditch in the center.

Is the consultant correct? Are you able to say with DRAINMOD? Use the
Greenville weather set and a simulation period of Jan 1951 to Dec 2000.

» Tabulate and plot the wet years for the drain spacings simulated
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4. (50 pts.) Using the Lateral Effect method (called the Skaggs Method by NC
DOT) for determining the lateral effect of a drainage ditch (Phillips, Skaggs.
Chescheir, 2010). estimate the distance from the ditch at the Poole tract that
wetland hydrology has been removed. That is, estimate the lateral effect of
the ditch.

Do the calculations by hand and show your work. T,s values for Pitt County
can be found in the CTE NCDOT report. Other references for the method
are also available on the course web site. Use 30 cm = 1 ft. 2.5 cm = 1 inch.

Then use the Lateral Effect computer model to make the lateral effect
calculation. Compare your hand calculations to the computer results. Which
is more accurate and where is error introduced when solving the problem by
hand.

Note that the Lateral Effect method assumes a linear relationship when
calculating the drainable porosity. While not absolutely correct. calculate the
drainable porosity for the method by dividing the volume drained at 30 cm
by 30.

P Tabulate the result of hand calculations and the software.

» Include your scanned in hand calculations (be neat). and the summary
output from the software
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1. (100 pts.) The Phillips tract is a wetland restoration site located near Greenville,
NC and has parallel drainage ditches spaced 100 m apart. The ditches were
excavated prior to harvest of a mixed pine and hardwood forest: they were
originally 1.2 m deep but have filled in so they are now effectively 0.9 m
deep. The soil type is Rains sandy loam (a hydric soil). Natural vegetation
is hydrophytic: and the effective root depth is 30 cm all year.

Greenville, NC can be found by clicking the link below.

http://maps.google.com/maps?f=q&source=s_q&hl=en&geocode=&q=greenville.nc

The average last date of 28°F in the spring and the average first date of 28°F
in the fall (50% probability) can be obtained from the soil survey report for
Pitt County. NC. However. you should use the growing season information
available on the USDA NRCS WETS web site:
http://www.wee.nres.usda.gov/climate/wetlands.html

Based on the WETS table, the starting and ending growing season dates are
74 and 320. respectively.

The HI is 76 and the Latitude is 35D 38M . The effective ditch radius is 25
cm and the DC is 2.5 cm/day. The depth to the restrictive layer, as indicated
in Table 1.is 2.5 m.




