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DRAFT TECHNICAL MEMORANDUM 

TO: Paul Smail; Chesapeake Bay Foundation 

FROM:  Wayne Hutchinson and Sreeni Kota; Antea Group 
Bart Sexton; Sand County Environmental, Inc 

DATE:  October 11, 2021 

SUBJECT: Evaluation of Proposed Spray Irrigation (Trappe East WWTF) 

EXECUTIVE SUMMARY 
A proposed spray irrigation application for the Trappe East development located near Trappe, Maryland was 
evaluated to determine the potential impact on the groundwater and surface water. The wastewater spray 
irrigation project proposes to treat 540,000 gallons per day (gpd, annual average) to Class II standards and apply 
the effluent to 87.6 acres of land on the eastern portion of the development in accordance with the Permit (19-
DP-3460) issued by the Maryland Department of the Environment (MDE) and the Guidelines for Land 
Application/Reuse of Treated Municipal Wastewaters (Maryland Department of the Environment; MDE-WMA-
001-04/10).

The Hydrogeologic Evaluation Report (J. D. Hynes and Associates; 5 November 2019) prepared for developing 
the permit application followed the procedures and analyses contained in the Guidelines for Land 
Application/Reuse of Treated Municipal Wastewaters (Maryland Department of the Environment; MDE-WMA-
001-04/10). However, there are many deficiencies and uncertainties in the analysis on the following points:

The storage requirement has been revised to 75 days in Permit 2021. However, no rationale, assumptions, 
analysis (climatological evaluations) were provided that can support the adequacy or inadequacy of the 75-day 
storage requirement. 

Neither the Hydrogeologic Evaluation or Permit 2021 cites or requires the collection of field parameters, such as 
Dissolved Oxygen (DO), Temperature, and Oxidation-Reduction Potential (ORP), except pH. Characterizing the 
ambient groundwater environment is crucial to understanding the potential for degradation of various 
contaminants, including nitrogen. 

The hydraulic conductivity for the water-bearing zone at the site is estimated from the transmissivity of a single 
high- capacity injection well as 195 feet/day, which is indicative of “clean sand, and sand and gravel”. However, 
the dominant soil type identified within the water-bearing zone is Silty Sand (SM) which would be expected to 
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have a hydraulic conductivity between 0.1 and 10 feet/day. A hydraulic conductivity that varies by up to 4 orders 
of magnitude could produce calculated groundwater velocities that span the same order of magnitude: thereby 
significantly influencing mounding and groundwater flow and transport. The soils at the site cannot be thought 
of as a three-dimensional, uniform deposit of “marbles”, but rather the horizontal and vertical variability of the 
soils produces variable infiltration patterns at the surface, water accumulations in the subsurface (perched 
water), and variable vertical flow rates to the area-wide water table. 
 
Hydraulic mounding beneath the spray irrigation field(s) was calculated as 0.14 feet but was based on a single 
value of hydraulic conductivity (195 feet/day) and an assumed specific yield (0.1). Using a hydraulic conductivity 
more representative of a Silty Sand (0.1 feet/day) predicted groundwater mounding under the spray-irrigation 
field of 1.7 feet that persisted about 80 feet from the center of the spray-irrigation field. The areal extent of the 
mounding could bring the water table near the surface where it is relatively shallow (<6 feet below ground 
surface) or where the spray-irrigation field is near surface water. It could even produce areas of standing water 
at the surface where near-surface saturated conditions prevent additional infiltration. 
 
Mass loading is not specifically mentioned in the Hydrogeologic Evaluation or Permit 2021, except as it relates to 
specifying concentration limits for Total Nitrogen (3 mg/L) and Total Phosphorus (0.3 mg/L). The Hydrogeologic 
Evaluation states that the equations used for estimating acceptable loading rates are based on nitrogen uptake 
and evapotranspiration being active throughout most, if not all, of the year. As such, the Hydrogeologic 
Evaluation concluded there would be no impact on the groundwater underlying the spray irrigation fields and no 
further evaluation of potential nitrogen or phosphorus impact to the groundwater or surface water was 
conducted. However, as discussed later in the text, the estimations are based on very broad data assumptions 
and therefore have uncertainty associated with them. 
 
The MDE Guidelines suggests that the potential evapotranspiration (PET, in inches per unit area) be calculated 
using the Blaney-Criddle Method. Brouwer and Heibloem (1986) described the Blaney-Criddle Method as a 
simple method to calculate reference crop evapotranspiration, but it is not very accurate and provides only a 
rough estimate or “order of magnitude” value. The Blaney-Criddle Method is especially inaccurate under 
“extreme” climatic conditions, such as windy, dry, sunny areas where evapotranspiration may be 
underestimated by up to 60%, and in calm, humid, clouded areas where the evapotranspiration may be 
overestimated up to 40%. Furthermore, Allen and others (1998) reported that the Food and Agriculture 
Organization of the United Nations (FAO) recommended that Blaney-Criddle method be used in areas where 
only temperature data are available. The FAO recommended the use of the Penman-Monteith method that 
“uses standard climatic data that can be easily measured or derived from commonly measured data.” And 
finally, Tukimat, Harun and Shahid (2012) reported that the Blaney-Criddle method resulted in a relative error of 
31% as compared to the Penman-Monteith method and “performed the worst” of all the methods evaluated. 
 
Based on the effluent limits (Total Nitrogen at 8 mg/L and Total Phosphorus at 3 mg/L) in Permit 2019, the 
acceptable wastewater loading (W) is calculated as 92 inches/year in the Hydrogeologic Evaluation based on the 
approach by Stone (1976) as specified in the MDE Guidelines. The expected wastewater loading when spray 
irrigation is in operation is 87 inches/year, which indicates the anticipated wastewater loading is acceptable. 
Based on the revised effluent limits (Total Nitrogen at 3 mg/L and Total Phosphorus at 0.3 mg/L) the acceptable 
wastewater loading increased to 237.56 inches/year for Total Nitrogen and 856.47 inches/year for Total 
Phosphorus. The Hydrogeologic Evaluation cites the favorable calculation of “W” as indicating there would be no 
detrimental impact (pertaining to nitrogen) on the groundwater or surface water; however, these conclusions 
are based on daily application volumes averaged on an annual basis, as described below. 
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Soil profile descriptions done by MDE in 2002 and found in the USDA Soil Survey (2021), suggest periods of soil 
saturation in near surface horizons and near constant saturation at depths of five feet in the most common site 
soil, Hambrook sandy loam. These conditions result from natural precipitation averaging 3.5 feet annually. The 
proposed irrigation will triple the amount of water applied; increase the length of soil saturation; effectively 
change soil hydrologic group ratings; and, result in a greater number of surface water run-off events and 
volume. 
 
No required post or antecedent irrigation off-sets from precipitation events and no limitations on weekly 
irrigation application will result in more surface run-off events occurring during precipitation events due to 
higher average soil water content.  This is a particular concern during the months of March, November and 
December when little evapotranspiration will occur. 
 
None of the plants proposed to be used are adapted to the much wetter conditions in the proposed irrigation 
regime. This will result in greater plant mortality, thinner stand density and less soil protection. 
 
A greater number of surface water run-off events in combination with less soil protection will result in greater 
erosion losses from the site. 
 
One third of the near surface soils analyzed were found to contain greater than 100 milligrams per kilogram 
(mg/kg or parts per million) phosphorus. The projected greater erosion of such soils will result in discharges of 
entrained phosphorus to the Creek. 
 
Monitoring is not required to observe for perched water near the soil surface or elevated water tables.  At the 
very least regular observations for ponding should be made after significant precipitation events during the first 
two years of system operation.  If prolonged (more than a few hours) of ponding is observed, the application 
regime should be lowered or the number of spray applicators reduced in such areas. 
 
Current surface water monitoring requirements are ineffective as they are quarterly. Surface water monitoring 
should be precipitation event based in order to better determine the quality of surface water discharges.  
Soil/phosphorus discharges are unlikely to be detected under the current monitoring regime. 
 
In Permit 2021 (Section I.A.2) the treated wastewater effluent parameters that are required to be monitored 
prior to discharge to the storage pond include, flow, BOD5, suspended solids, total nitrogen (N), total 
phosphorus and fecal coliform.  However, according to MDE’s National Pollutant Discharge Elimination System 
(NPDES) permitting program for new and existing POTWs, effluent parameters for all POTWs with a flow equal 
to or greater than 100,000 gallons per day are required to monitor for – ammonia (N), chlorine (total residual 
chlorine), dissolved oxygen, nitrate/nitrite, Kjeldahl nitrogen, oil & grease, phosphorus, and total dissolved solids 
(TDS). Therefore, it appears that the list for treated wastewater parameters as identified in Section I.A.2 may be 
limited to fully ensure the Ground Water Quality Standards GWQS are sustained in the aquifer. 
 
Per- and polyfluoroalkyl Substances (PFAS) are commonly found in municipal wastewater and are known to have 
adverse health effects.  With the lack of federal leadership, states, including Maryland are developing their own 
standards for PFAS in ground and surface waters. MDE issued a first permit in Maryland for a wastewater 
treatment plant at Naval Support Facility Indian Head in August 2021, effective September 1, 2021 for PFAS 
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monitoring in effluent wastewater and biosolids. However, the Permit 2021 for the Trappe East project does not 
discuss the potential for PFAS in the discharged wastewater for spray irrigation or any monitoring requirements. 

INTRODUCTION 
Antea®Group was retained by the Chesapeake Bay Foundation (CBF) to review and evaluate the proposed spray 
irrigation application for the Trappe East development located near Trappe, Maryland (see Figure 1). The original 
wastewater spray irrigation project proposed to treat 540,000 gallons per day (gpd, annual average) to Class II 
standards and apply the effluent to 85 acres of land on the eastern portion of the development. 
 
The Maryland Department of the Environment (MDE) issued a draft Ground Water Discharge Permit (Permit No. 
19-DP- 3460 and referred to as the Permit 2019 in this document), which when finalized would allow The Trappe 
East Wastewater Facility to operate a wastewater treatment facility (WWTP) and a “slow-rate” land application 
of treated effluent. 
 
The Maryland Department of the Environment reached a tentative determination to issue the revised Ground 
Water Discharge Permit (Permit No. 19-DP-3460 and NPDES ID MD3460U04) with an effective date of 1 February 
2021. The revised Ground Water Discharge Permit (referred to as the Permit 2021 in this document), contained 
significant changes as compared to the Draft Permit. In particular, the Permit 2021 reduced the allowable 
effluent concentrations for Total Nitrogen and Total Phosphorus and increased the required storage. Analyses in 
this document are based on the conditions in Permit 2021 but may reference Permit 2019 if documents 
submitted on behalf of Trappe East were developed based on requirements in Permit 2019. 
 
Antea Group organized its review around six topics, as listed below: 

• Review of current permit for the spray irrigation treatment, 
• Evaluation of the expected hydraulic loading of the spray irrigation, 
• Evaluation of the mass loading of nutrients (nitrate and phosphorous) based on permitted loading, 
• Develop opinions regarding the effect of nutrient loading on local surface and ground waters, 
• Provide an assessment of the proposed controls as to their sufficiency to meet the MDE no net nutrient 

discharge or TMDLs. 
• Discharge of treated wastewater on not exceeding the Type 1 aquifer standards 

 
Documents provided or cited by the Chesapeake Bay Foundation as pertinent to the project and the documents 
listed below were reviewed and consulted to complete the evaluation: 

• Letter to Ching-Tzone T. Tien, Ph.D. (Deputy Manager; Wastewater Permits Program, MDE) from Alison 
Prost, Esq. (Maryland Executive Director, Chesapeake Bay Foundation) Re: Trappe East Wastewater 
Treatment Plant Groundwater Discharge Permit Application 19-DP-3460 (20 January 2020) 

• Draft Ground Water Discharge Permit (19-DP-3460); undated [cited as Permit 2019] 
• Ground Water Discharge Permit (19-DP-3460; NPDES ID MD3460U04); effective 1 February 2021 [cited 

as Permit 2021] 
• John D. Hynes & Associates, Inc. – Updated Final Report of Hydrogeologic Evaluation Services – Lakeside 

aka Trappe East (5 November 2019) 
• Maryland Department of the Environment – Guidelines for Land Application / Reuse of Treated 

Municipal Wastewaters: MDE-WMA-001-04/10 (Amended April 2010) [MDE Guidelines] 
• Environmental Management Solutions, LLC – Spray Irrigation Nutrient Management Plan (2 June 2020) 
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• Additional documents or weblinks were searched and reviewed that were either cited in the documents 
listed above or were consulted for additional information on the management of spray irrigation 
facilities: 

• Allen, R. G., L. S. Pereira, D. Raes, and M. Smith (1998) Crop Evapotranspiration – Guidelines for 
Computing Crop Water Requirements: Food and Agriculture Organization of the United Nations, 
Irrigation and Drainage Paper 56 

• Brouwer, C. and M. Heibloem (1986) Irrigation Water Management – Irrigation Water Needs, Training 
Manual No. 3: Food and Agriculture Organization of the United Nations 

• Delaware NR&EC (2014) Title 7 (Natural Resources and Environmental Control) – 7101: Regulations 
Governing the Design, Installation and Operation of On-Site Wastewater Treatment and Disposal 
System https://regulations.delaware.gov/AdminCode/title7/7000/7100/7101.pdf 

• Georgia DNR-EPD (2018) Draft Guidelines for Slow-Rate Land Treatment of Wastewater 
https://epd.georgia.gov/forms-permits/watershed-protection-branch-forms-permits/wastewater- 
permitting/wastewater-technical 

• Johnson, A. I. (1967) Specific Yield – Compilation of Specific Yields for Various Materials: USGS Water-
Supply Paper 1662-D 

• Maryland Department of Agriculture – Phosphorus Management Tool 
(https://mda.maryland.gov/Pages/PMT.aspx) 

• Tukimat, N. N. A., S. Harun and S. Shahid (2012) Comparison of Different Methods in Estimating 
Potential Evapotranspiration at the Muda Irrigation Scheme of Malaysia: Journal of Agricultural and 
Rural Development in the Tropics and Subtropics, Vol. 113, No. 1, pp. 77 - 85 

• USBR (1995) Ground Water Manual: U. S. Bureau of Reclamation, 2nd Edition 
• USDA (2021) Web Soil Survey for Talbot County. 
• USEPA (1981) Process Design Manual for Land Treatment of Municipal Wastewater: EPA 625/1-81-013 
• USEPA (2006) Process Design Manual – Land Treatment of Municipal Wastewater Effluents: EPA/625/R-

06/016 
• USEPA (2019) Preliminary Effluent Guidelines Program Plan 14: EPA-821-R-19-005 

EVALUATION AND DISCUSSION OF PERMIT TOPICS 
The results and conclusions developed for each topic listed above are as follows: 

1. REVIEW OF CURRENT PERMIT FOR THE SPRAY IRRIGATION TREATMENT  

OVERVIEW 
The Ground Water Discharge Permit (No. 19-DP-3460; effective 1 February 2021), referred to Permit 2021, 
issued by the Maryland Department of Environment (MDE) describes the Special Conditions and General 
Conditions to be met for operating the wastewater treatment plant and spray irrigation field. A Summary Report 
and Fact Sheet attached to the Permit 2021 document provides detailed information on the physical layout and 
characteristics of spray irrigation fields, procedures used to calculate or estimate parameters, and assumptions 
regarding the selection of parameters. Abutting the spray irrigation fields to the east are tributaries to Miles 
Creek, which is a tributary to the Choptank River. 
 
Permit 2021 proposes the treated effluent (ultimately 540,000 (gpd, annual average) will be applied to 87.6 
acres of irrigation area with a maximum annual average loading rate of 2 inches/week (Section I.C.1), which 
equates to an annual application rate of 87 inches/year (based on a 43.5-week operational period, as cited in the 
Updated Final Report of Hydrogeologic Evaluation Services (J. D. Hynes and Associates; 5 November 2019). The 
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effluent concentration limits or ranges are specified in Section I.A.2 for BOD5 (<10 mg/L), Suspended Solids (<10 
mg/L), Total Nitrogen (<3 mg/L), Total Phosphorus (<0.3 mg/L), Fecal Coliform (<3 MPN/100 ml), and pH (6.5 – 
8.5). 
 
Permit 2021 states in Section I.A.3 that groundwater samples will be collected from 12 monitor wells as required 
in Section I.D.2.c (see Figure 1). Monitor wells are categorized as up gradient (MW-1, MW-2, MW-11, and MW-
12) and down gradient (MW-3, MW-4, MW-5, MW-6, MW-7, MW-8, MW-9, and MW-10). Groundwater samples 
are to be analyzed for Nitrate, Nitrite, Total Kjeldahl Nitrogen (TKN), Total Nitrogen (TKN+Nitrite+Nitrate), pH, 
Phosphate (Total), Total Dissolved Solids, Chloride, and Fecal Coliform. 
 
Permit 2021 (Section I.C.2), based on requirements in the MDE Guidelines (Section 3.2.1.5), requires the 
construction of a storage facility capable of holding no less than 75 days of normal operation of the wastewater 
facility (see Figure 1 for location). This would equate to 40.5 million gallons. 

COMMENTS: 
a. a.Section I.A.3 - The required analytes for groundwater samples do not mention any field parameters, 

though pH is typically measured in the field. It is standard hydrogeologic practice that field parameters 
be measured for every sampling event, including dissolved oxygen (DO), oxidation-reduction potential 
(ORP), and temperature as these parameters are indicators of whether groundwater conditions are 
conducive to nitrogen degradation. These field parameters are necessary to evaluate if groundwater 
conditions are conducive to nitrogen degradation. Knowing the ambient field parameters for 
groundwater before operation of the spray-irrigation field is essential to evaluate the impact of the 
infiltrating wastewater on the groundwater. Field parameters for groundwater are required in the 
evaluation of on-site wastewater treatment and disposal systems in Delaware, the neighboring state on 
the Delmarva Peninsula, in Title 7 – 7101; Section 6.2.3.5.2 (Delaware NR&EC, 2014). 

b. Section I.C.2 – Storage facilities are required to accommodate at least 60 days of normal operation 
wastewater volume (MDE Guidelines; Section 3.1.2.5). As cited above, Permit 2021 (Section I.C.2) 
requires the applicant to include storage capacity for 75 days of wastewater. Spray irrigation operations 
are planned to occur over 43.5 weeks (10 months), as cited in the Updated Final Report of 
Hydrogeologic Evaluation Services (J. D. Hynes and Associates; 5 November 2019). No basis that 
conditions conducive to spray irrigation will prevail for 10 months every year was provided or that a 75-
day storage capacity is adequate based on climatic analysis of deviations from climatic averages.  

 
Analysis methods for determining the appropriate storage volume are available. For instance, 
Tennessee sets a minimum of 60 days of storage, but cites 2 quantitative methods to calculate the 
appropriate storage volume (Design Criteria for Sewage Works; Section 16.10). Also, Georgia instructs 
applicants to calculate storage volume using the procedure in Draft Guidelines for Slow-Rate Land 
Treatment of Wastewater, Section 3.9.2 (Georgia DNR, 2018) but no less than sufficient storage to 
accommodate 12 days the average design volume flow. 
Whether the required storage volume is based on 60 days or 75 days of wastewater flow, a quantitative 
analysis would verify that the required storage is appropriate for the climate and daily flow anticipated. 
To be more definitive about the validity of the proposed storage capacity would require a quantitative 
climatological analysis to determine the anticipated number of days when rain, wind and freezing 
conditions would prohibit operation of the spray-irrigation field. 
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c. Section I.C.7 – The vegetation in the spray irrigation field must have a phosphorus uptake of at least 58 
lbs./acre/year, but any vegetation planted in Maryland is unlikely to be growing on a year-round basis. 
Phosphorus is discussed in more detail in Topic 3 - Evaluation of the mass loading of nutrients (nitrate 
and phosphorous) based on permitted loading. 

d. Section I.D.2 – Permit 2021 requires that 12 monitor wells be constructed for the purpose of collecting 
groundwater samples to establish ambient water quality one year prior to operation and then monthly 
to quarterly after that. The well screens are required to extend from the seasonally high water table 
downward approximately 15 feet. Adherence to this requirement is important to ensure all the monitor 
wells are completed with screens that intersect the water table and terminate at a similar depth below 
the water table. 

e. However, the 14 piezometers installed previously as part of the Hydrogeologic Evaluation were 
constructed with only 6 feet of well screen and 6 of the piezometers were completed with the entire 
well screen submerged below the water table, resulting in a reduced sampling interval and inconsistent 
sampling depths. The consequences of inconsistent well construction could produce erratic 
groundwater elevations and sample results because the well screens may not be completed in the same 
water-bearing zone. 

f. The Groundwater Discharge Permit – Summary Report and Fact Sheet is included on the Trappe East 
Wastewater Treatment Plant Permit webpage maintained by the MDE 
(https://mde.maryland.gov/programs/Water/wwp/Pages/19DP3460.aspx). On page 4 of that document 
the aquifer is cited as the Columbia Group, a regional aquifer cited with a saturated thickness (b) of 70 
feet. The transmissivity (T) is cited as 13,670 ft2/day (Wolman and others, 1981, Aquifer Identification 
and Injection Well Inventory, State of Maryland). The hydraulic conductivity (K) is derived as 195 
feet/day by dividing the aquifer transmissivity by the saturated thickness. The Ground Water Manual 
(U. S. Bureau of Reclamation, 1995, 2nd Edition) suggests a hydraulic conductivity of 195 feet/day is 
indicative of “clean sand, and sand and gravel”. However, the dominant soil type identified in the soil 
logs for the 14 piezometers (Hydrogeologic Evaluation; Appendix 9.7) is Silty Sand (SM) which would be 
expected to have a hydraulic conductivity between 0.1 and 10 feet/day (see Figure 2). Hydraulic 
conductivity that varies by 4 orders of magnitude could result in groundwater velocities that span the 
same range. The consequences of using a single high value of hydraulic conductivity that is not 
representative of the site is that the calculated groundwater flow velocities would be orders of 
magnitude higher than if site-specific hydrogeologic parameters had been measured and used. The 
subsurface soils at the site cannot be thought of a three-dimensional, uniform deposit of “marbles”, but 
rather as soil layers that vary both horizontally and vertically. In addition, hydraulic conductivity and 
specific yield have a direct influence on the mounding under the spray fields. 

g. Therefore, to rely upon a hydraulic conductivity derived from the transmissivity of a presumably high-
capacity injection well cannot be considered representative of conditions in the shallow water-bearing 
formation at the site. The appropriate approach would have been to obtain site-specific hydraulic 
conductivity values by conducting in-situ hydraulic conductivity testing (also called “slug” tests), as 
required by the Georgia DNR-EPD (2018, Section 3.2.3 and Table 5.6-4) or Delaware – NR&EC (2014; 
Section 6.2.3.4.5), or from data recorded while collecting groundwater samples using low-flow sampling 
techniques. 

2. EVALUATION OF THE EXPECTED HYDRAULIC LOADING OF THE SPRAY IRRIGATION 
Section 4.3.4 of the Updated Final Report of Hydrogeologic Evaluation Services (J. D. Hynes and Associates; 5 
November 2019), and subsequently referred to as the Hydrogeologic Evaluation, calculated groundwater 
mounding of 0.14 feet under the recharge area after one day of spray application. The Groundwater Mounding 

https://mde.maryland.gov/programs/Water/wwp/Pages/19DP3460.aspx
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Calculator developed by HydroSOLVE, Inc., which uses the mounding solution developed by Hantush (1967), was 
used to develop this estimate of mounding. Appendix 9.13 of the Hydrogeologic Evaluation provides the details 
of the parameters used for the calculation, including a hydraulic conductivity (K) of 195 feet/day, which was 
cited earlier as having been derived from the transmissivity of high-capacity well completed in the Columbia 
Group formation. 
 
As noted earlier, site-specific estimates of hydraulic conductivity would have ensured that the values used in 
subsequent calculations were representative of conditions in the upper few feet of the shallow water-bearing 
zone. The upper few feet of the water-bearing zone underlying the spray irrigation fields would be expected to 
be the interval contributing to nitrogen and phosphorus transport, as well as degradation and nutrient uptake. 
Hydraulic conductivity testing could have been conducted using the piezometers cited earlier, which would have 
provided site-specific data within the interval of the underlying water-bearing zone affected by application of 
540,000 gpd of treated effluent over 87.6 acres. 
 
The Groundwater Mounding Calculator also requires parameters for specific yield (Sy), saturated thickness, 
application rate, and radius of recharge area. A value of 0.1 was assumed for specific yield, though no citation of 
the source or rationale for that estimate was provided. According to Johnson (1967), the specific yield of a Silty 
Sand varies from approximately 0.10 to 0.32 (see Figure 3). The groundwater seepage velocity (Vs), which is 
considered representative of the migration rate of the groundwater and any non-reactive dissolved-phase 
constituents, can be calculated by the following equation: 
 

Vs = (K * I)/Sy 
 
Where “K” is the hydraulic conductivity (feet/day), “I” is the hydraulic gradient (feet/feet) and Sy is the specific 
yield (dimensionless). The point to note is that depending on the value of specific yield selected the calculated 
value for Vs can vary over a range of 3 times. 
 
In the first mounding simulation presented in Appendix 9.13 of the Hydrogeologic Evaluation an annual average 
application rate of about 2 inches/day (0.17 feet/day) was used, which was probably chosen to simulate a single 
day of application followed by 6 days of inactivity to meet the limit of no more than 2 inches/week (on an annual 
average basis). A radius (R) of 100 feet produces an area of 31,416 square feet (0.72 acres). The analysis 
predicted a groundwater mound under the spray field of 0.14 feet. 
 
To confirm the results presented in the Hydrogeologic Evaluation, the public-domain spreadsheet from the 
United States Geological Survey (USGS Scientific Investigations Report 2010-5102) was used. The USGS SIR 2010-
5102 applies the Hantush (1967) equation to predict groundwater mounding beneath an infiltration basin, which 
is the same approach as used in the Hydrogeologic Evaluation. Using the same input parameters as those 
applied in the Hydrogeologic  Evaluation, the maximum mounding beneath a 0.72-acre irrigation field was 
predicted as 0.137 feet (see Figure 4), which is comparable to the result of 0.14 feet obtained in Appendix 9.13 
of the Hydrogeologic Evaluation. Also note that for this simulation, the slope of the mounded water table 
declines in a gentle slope of about 0.04 feet over 120 feet. 
 
The USGS spreadsheet was also used to estimate hydraulic mounding under the entire 87.6 acres of spray 
irrigation with an application rate of 0.0189 feet/day (this is equivalent to applying 1.6 inches/week and assumes 
the entire 540,000 gpd (annual average) of treated effluent is applied to the entire 87.6 acres of spray field each 
day). Under those conditions, a maximum mounding of 0.183 feet is predicted (see Figure 5). 
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There is no daily or weekly limit on irrigation applications in Permit 2021, only a maximum annual weekly 
average limit of 2 inches per week. 
A final evaluation was performed leaving the application rate (0.17 feet/day) and specific yield (0.1) the same 
but reducing the hydraulic conductivity to 0.1 feet/day. Under this simulation, maximum mounding under the 
spray- irrigation field is predicted to be 1.7 feet, caused by the reduced hydraulic conductivity and groundwater 
flow. In addition, notice that as a consequence of the reduced hydraulic conductivity the maximum mounding of 
1.7 feet persists out to nearly 80 feet from the center of the spray-irrigation field. This demonstrates the 
importance of collecting site- specific hydrogeologic data and parameters to ensure the induced hydraulic 
mounding will not result in a rise of the water table that violates the requirement in Permit 2021 (Section I.C.2) 
that the water table remain more than 2 feet below the ground surface. This would be a concern in areas of 
shallow depth to the water table and near the streams at the boundaries of the spray-irrigation fields where a 
shallow water table would be expected (Figure 6), and could also be expected to produce areas of standing 
water where infiltration is blocked by saturated, shallow soils.  
 
And finally, it should be noted that the 2002 soils pits described by MDE’s Dr. Tien did not observe groundwater 
in any pits, however, the autumn of 2001 and winter of 2002 were an extremely droughty period with 18.9 
inches of precipitation received over the preceding eight-month period at the nearby University of Maryland 
College of Agricultural Natural Resources Salisbury facility (see attached). This is 36-percent below the 20 year, 
2000-2020, average of 29.71 inches for the same time period. The lower than average precipitation would result 
in lowered water tables. 

COMMENTS: 
a. The depth to the water table under the site is reported as ranging from approximately 5 to 25 feet (J. D. 

Hynes and Associates; 5 November 2019, Section 4.3.4). In each of the cases detailed above, the soil (as 
characterized by assumed hydrogeologic values) can accept the expected volume of effluent, while 
maintaining the hydraulic mounding that would not exceed the requirement that water table sustain a 
minimum depth of 2 feet bgs (below ground surface) (MDE Guidelines for Land Application; Section 
3.1.2.1), though areas where the water table is shallow and near the surface streams should be 
evaluated using site-specific hydrogeologic data and parameters. 

 
b. The predicted mounding beneath the spray irrigation fields appears to meet the requirement to 

maintain a depth of at least 2 feet to the water table throughout most of the proposed spray-irrigation 
area. However, the lack of site-specific hydrogeologic parameters calls into doubt whether the 
mounding analyses represent the actual mounding that may be expected when the spray irrigation 
fields are operating, especially in areas where the water table is shallow or near the streams that abut 
the spray-irrigation fields. Site-specific values for hydraulic conductivity (K) and specific yield (Sy) are 
essential to ensure that the hydrogeologic and mass transport calculations and predictions are 
representative of what should be observed at the site. Additional field investigations, such as hydraulic 
conductivity testing as cited earlier, laboratory analysis of undisturbed soil samples, and cone 
penetrometer (CPT) drilling that included a Hydraulic Profile Tool (HPT) sounding would have provided 
the site-specific data required to ensure the calculations are representative of site conditions. 

 
c. Site-specific values for hydraulic conductivity (K) from tests performed on existing piezometers would 

have allowed for determination of a geometric mean for K and reasonable limits for sensitivity testing. 
And though Sy has a fairly narrow range, it would have been good hydrogeologic practice to perform a 



 
 

 
10 
 

sensitivity analysis based on a range for Sy that reflects the results of laboratory analysis of undisturbed 
soil cores and/or published values for the soil types identified at the site. 

 
d. The lack of daily or weekly maximum irrigation limits allows for over application to the point of causing 

percolation and/or surface run-off events.  This is a particular concern early in the irrigation season 
when storage capacity may be exhausted and there is little or no evapotranspiration occurring.   

 
e. Having no irrigation off-sets from precipitation will also increase the number of percolation and/or 

surface run-off events that occur.  This is especially a concern early and late in the irrigation season, 
March, November and December, when little evapotranspiration will be taking place. 

3. EVALUATION OF THE MASS LOADING OF NUTRIENTS (NITRATE AND PHOSPHOROUS) BASED ON 
PERMITTED LOADING 
Mass loading is not specifically addressed in either the Hydrogeologic Evaluation (J. D. Hynes and Associates; 5 
November 2019) or the Permit 2021 (No. 19-DP-3460). Mass loading is discussed in terms of allowable 
concentrations (3 mg/L for Total Nitrogen and 0.3 mg/L for Total Phosphorus) in effluent applied at no more 
than 2 inches/week (annual average as cited in Permit 2021; Section I.C.1). 
 
Permit 2021 (Section I.C.7) requires that “vegetation planted at spray irrigation fields must have a phosphorus 
uptake rate of greater than 5.6 lbs./acre/year unless the phosphorus adsorption capacity evaluation included in 
Condition I.D.3 demonstrates that soils at the spray irrigation site provide adequate capacity to remove 
phosphorus in the irrigation water.” No comparable requirement for nitrogen appears in Permit 2021 or the 
Hydrogeologic Evaluation, though  Permit 2021 (Section I.C.5) requires, as part of a “Manual of Operation and 
Maintenance”, the preparation of a “Nutrient management plan that will recycle the entire effluent nitrogen 
and phosphorus loads into the vegetation grown on the spray field.” The Spray Irrigation Nutrient Management 
Plan by Environmental Management Solutions, LLC (dated 2 June 2020) was submitted to the MDE. 
 
Calculations of mass loading for nitrogen and phosphorus were completed based on an annual effluent volume 
of 540,000 gallons per day (annual average) with a Total Nitrogen concentration of 3 mg/L and a Total 
Phosphorus concentration of 0.3 mg/L. Over the course of a year, the total volume of effluent (197,100,000 
gallons or 746,023,500 liters) is applied to the entire 87.6 acres of spray irrigation fields. This results in a mass 
loading of 4,935 lbs./year of Total Nitrogen and 493.5 lbs./year of Total Phosphorus. On a per acre basis, which is 
the typical approach used to compare nitrogen and phosphorus uptake by vegetation, the Total Nitrogen loading 
is calculated as 56.3 lbs./acre/year and the Total Phosphorus loading is calculated as 5.6 lbs./acre/year (see 
Figure 7 for summary of calculations). 
 
As noted above, Section I.C.7 of Permit 2021 requires that any vegetation planted must have a phosphorus 
uptake rate greater than 5.6 lbs./acre/year. The Spray Irrigation Nutrient Management Plan (Environmental 
Management Solutions, LLC; 2 June 2020) includes an excerpt of a table from USEPA (1981) as shown in Figure 8 
that contains the nitrogen and phosphorus uptake for various forage crops. The Spray Irrigation Nutrient Plan 
recommends that orchardgrass will be planted and maintained for the start-up phase of the project. 
Orchardgrass is reported to have a phosphorus uptake of 18 to 45 lbs./acre/year, which exceeds the minimum 
uptake of 5.6 lbs./acre/year. 
 
The Hydrogeologic Evaluation states that “agricultural areas will be planted using a rotation of corn, soybean, 
wheat and/or rye.” The nutrient uptake rates for field crops cited by the USEPA (1981) in Figure 9, exceed the 
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required phosphorus uptake rate of 5.6 lbs./acre/year. The crops cited in the Hydrogeologic Evaluation (corn, 
soybeans, and wheat) are reported as having phosphorus uptake rates that exceed the minimum of 5.6 
lbs./acre/year required in Permit 2021. 
 
The Nutrient Balance equation (MDE Guidelines, Appendix D) was applied to phosphorus to evaluate if 
phosphorus might emerge as a factor in determining the appropriate wastewater application rate. The 
maximum phosphorus concentration in the effluent is cited as 0.3 mg/L (Permit 2021, Section I.A.2), which 
equates to a phosphorus application rate of 5.6 lbs./acre/year. As noted above, the Permit 2021 (Section I.C.7) 
requires that any “vegetation planted at the spray irrigation fields must have a phosphorus uptake rate greater 
than 5.6 lbs./acre/year unless the phosphorus adsorption capacity evaluation included in Condition I.D.3 
demonstrates that soils at the spray irrigation site provide adequate capacity to remove phosphorus in the 
irrigation water.” 
 
The two spreadsheet examples (Figures 10 and 11) show the acceptable wastewater application rate based on a 
phosphorus effluent concentration of 0.3 mg/L and phosphorus uptake for two crops (ryegrass and corn). In 
Figure 10, a phosphorus uptake rate of 58 lbs./acre/year (within the range for ryegrass, see Figure 8) produces a 
wastewater loading (W) of 856.5 acre-inches/acre-year. The Hydrogeologic Evaluation (Section 4.3.5) notes a 
maximum spray rate of 92 inches/year is permitted by the MDE. The predicted acceptable wastewater loading of 
856.5 acre-inches/acre-year is more than maximum spray rate of 92 inches/year. 
 
In the second spreadsheet example of an acceptable wastewater application rate is based on the phosphorus 
uptake rate of corn at 27 lbs./acre-year. When corn is the crop planted for nutrient uptake, the calculated 
acceptable wastewater application rate is calculated as 398.7 acre-inches/acre-year (Figure 11). The acceptable 
wastewater application rate of 398.7 acre-inches/acre-year exceeds the maximum application rate of 92 
inches/year (Hydrogeologic Evaluation, Section 4.3.5). 
 
Another avenue towards effective phosphorus management was implemented by the Maryland Department of 
Agriculture (MDA) as the Phosphorus Management Tool (PMT), which became effective June 8, 2015. The PMT is 
an update to the Phosphorus Site Index (PSI). The PMT was developed to identify the potential risk of 
phosphorus loss from farm fields where excess phosphorus is present. The Fertility Index Value (FIV) is a 
measurement, determined by a soil test, of how much phosphorus is in the soil as compared the amount of 
phosphorus needed to grow crops. The FIV has been used to categorize farmland into three tiers, such as High 
(FIV = 450 – 499), Medium (FIV = 300 – 449) and Low (FIV = 150 – 299). The PMT is applicable to all farms where 
the FIV is equal to or greater than 150, but those farms in the High FIV category began transitioning to the PMT 
in 2018. The Medium and Low FIV categories began transitioning to the PMT in 2019 and 2020, respectively. The 
PMT may provide a scientifically based approach to evaluate the potential impact of phosphorus from spray 
irrigation projects on the Chesapeake Bay ecosystem. 
 
There is no comparable requirement for a minimum nitrogen uptake rate in Permit 2021. The Hydrogeologic 
Evaluation uses the nitrogen uptake for corn of 167 lbs./acre/year (which is the average of the high and low 
values shown in Figure 9) as the basis for Nitrate-Nitrogen Balance evaluation (Section 4.3.5 and Appendix 9.13). 
 
The equations for acceptable nutrient loading rates (MDE Guidelines; Appendix D – Calculation of Nitrogen 
Balance) are based on nitrogen uptake being active throughout the year, as well as evapotranspiration (MDE 
Guidelines; Appendix C – Calculation of Hydrologic Balance). J. D. Hynes and Associates in the Hydrogeologic 
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Evaluation used the equations as presented in the MDE Guidelines. Application of the equations specified by the 
MDE Guidelines predicted there would be no impact on the groundwater underlying the spray irrigation fields. 
However, if annual crops are grown, the low amount of nitrogen and phosphorus applied via wastewater will 
require inputs of chemical fertilizer to realize an economic return and produce enough plant residues to protect 
soil from erosion.  If chemical fertilizers are applied in three or fewer applications, there will be time periods 
after each application when nitrate nitrogen can be leached to groundwater (Sexton, 1993).  
 
As per the hydrologic discussion and comparison of water inputs to PET, we know that percolation will occur.  If 
nitrate is available in vadose soils during a percolation event, a significant amount will be lost to groundwater.  
 
There are no requirements to update effluent loading rates if effluent exceeds the proposed design discharge 
concentrations. 

4. DEVELOP OPINIONS REGARDING THE EFFECT OF NUTRIENT LOADING ON LOCAL SURFACE 
WATER AND GROUNDWATER 

BACKGROUND: 
The Guidelines for Land Application / Reuse of Treated Municipal Wastewaters by the Maryland Department of 
the Environment (referred as MDE Guidelines) suggests that either the nutrient input (focused almost 
exclusively on nitrogen) or hydraulic loading is often the deciding factor regarding the operation of a land-
application system without producing a detrimental effect on the environment. 
 
The MDE Guidelines provide an equation (in Appendix D), based on work by Stone (1976), that combines 
nitrogen mass balance and a simplified water balance that calculates the acceptable wastewater loading (W, in 
acre-inch/acre-year) that will not produce a nitrogen concentration in excess of the acceptable nitrogen 
concentration in percolation or runoff water (a, in mg/L). Nitrogen degradation or uptake is included in the 
analysis through an estimate of the fraction of nitrogen which is denitrified (d, in % x 10-2), the fraction of 
nitrogen which is volatilized as ammonia (n, in % x 10-2), and the removal of nitrogen by a crop (C, in lbs/acre-
year). The concentration of nitrogen in the wastewater (y, in mg/L) and in precipitation (c, in mg/L) are also 
parameters included in the analysis that describe inputs to the nitrogen concentration. The hydrologic 
parameters in the analysis include precipitation (P, in acre-inch/acre-year) and evapotranspiration (ET, in acre-
inch/acre-year). The equation as it appears in the MDE Guidelines is shown below: 
 

W = 4.43C + a(P-ET) - cP 
y – a – y(d + n) 

 
The precipitation data (P), as well as temperature (T) data, are typically obtained from climatological records 
from a nearby weather station. The MDE Guidelines suggests that the potential evapotranspiration (PET, in 
inches per unit area) be calculated using the Blaney-Criddle Method, which uses the crop use coefficient (K, 
dimensionless) and the consumptive use factor (F). The equation to calculate PET using the Blaney-Criddle 
Method is shown below: 
 

PET = KF 
 
K = Crop use coefficient 
F = Consumptive use factor 
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Furthermore, F is derived from the mean monthly temperature (t, in °F) and the percent of annual daytime 
hours occurring during each month of the year (p), which is based on the latitude of the site, which for Trappe 
East is cited as N39° 30’. The consumptive use factor is then calculated as: 

F = tp/100 
 
As described by Brouwer and Heibloem (1986; Section 3.1.3), “the Blaney-Criddle Method is a simple method to 
calculate reference crop evapotranspiration but is not very accurate and provides only a rough estimate or 
‘order of magnitude’ value”. The Blaney-Criddle Method is especially inaccurate under “extreme” climatic 
conditions. The climatic conditions under which the Blaney-Criddle Method is portrayed as inaccurate include 
windy, dry, sunny areas where evapotranspiration may be underestimated by up to 60%, while in calm, humid, 
clouded area the evapotranspiration the evapotranspiration may be overestimated up to 40% (Brouwer and 
Heibloem, 1986). 
 
Furthermore, Allen and others (1998) reported that the Food and Agriculture Organization of the United Nations 
(FAO) recommended that the Blaney-Criddle method be used in areas where only temperature data are 
available. FAO recommended the use of the Penman-Monteith method that “uses standard climatic data that 
can be easily measured or derived from commonly measured data. Tukimat, Harun and Shahid (2012) compared 
three temperature-based and three radiation-based methods for estimating potential evaporation to the 
Penman-Monteith method (which incorporates both temperature and radiation data). The temperature-based 
methods included the Blaney-Criddle method. As compared to the Penman-Monteith method, Tukimat, Harun 
and Shahid (2012) found that the Blaney- Criddle method had the highest relative error (0.31 or 31%) and their 
conclusion was that “[a]mong all the methods, the Blaney-Criddle method performed the worst.” 
 
A final note concerning nutrient loading, one third of the topsoil samples analyzed for the Nutrient Management 
Plan in 2019, were found to already be greater than 100 mg/kg phosphorus. While topsoils still had significant 
capacity to adsorb phosphorus with phosphorus saturation ratios ranging from 11 to 58, any erosion of these 
topsoils would carry high concentrations of entrained phosphorus. 

COMMENTS: 
In the Hydrogeologic Evaluation (J. D. Hynes; 5 November 2019), the calculations for potential 
evapotranspiration (PET) and wastewater loading are calculated as suggested in the MDE Guidelines. The 
proposed wastewater loading rate for the Trappe East project, once fully operational, will be approximately 87 
inches/year applied over a 43½-week period between late February and early December (see Sections 3.2 and 
4.3.5, and Appendix 9.9 in the Hydrogeologic Evaluation). The acceptable wastewater loading (W), based on the 
equation from the MDE Guidelines, is presented as 92 inches/year. A recalculation of “W” as part of this 
evaluation resulted in values for “W” of 237.6 inches/year (with corn as the cover crop) or 221.3 inches/year 
(with sweet clover as the cover crop), which would meet the acceptable wastewater loadings (W) cited in Permit 
2021, regardless of the cover crop (Figures 12 and 13). 
 
Based on the calculation presented by J. D. Hynes and Associates in the Hydrogeologic Evaluation (Sections 4.3.1 
and 4.3.5) the spray irrigation project at Trappe East will have no detrimental impact (pertaining to nitrogen) on 
the groundwater or surface water. In addition, because the acceptable nitrogen concentration in percolation or 
runoff water (a, in mg/L) is set at 0.0 mg/L, the implication is that nitrogen will be removed completely from the 
percolating effluent before reaching the water table. However, it should be noted that due to the proximity of 
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streams adjacent to the spray-irrigation fields, groundwater flow would be expected to discharge to the nearest 
streams, which could be thought of as “French drains” that collect all the shallow groundwater discharge.  
 
The suggested calculations in the MDE Guidelines to assess whether loading of wastewater containing nitrogen 
will have a detrimental effect on the groundwater or surface water include some dubious assumptions. In 
calculating PET, the MDE Guidelines (see Appendix C; Calculation of Potential Evapotranspiration) assigns a 
uniform value (0.70) for the vegetative consumptive use coefficient for every month of the year. It seems 
unrealistic to assume a fully active, if any, vegetative consumptive use for the winter months. For instance, 
Brouwer and Heibloem (1986, Table 4) report that the total growing period for sweet maize (corn) is 80 to 110 
days and 125 to 180 days for grain maize (corn), which are less than the projected 305 days/year of spray 
irrigation operation. In the Hydrogeologic Evaluation (Appendix 9.9), the vegetative consumptive use coefficient 
(or as cited, the crop use coefficient) is reduced during the months of January, February and December, though 
the impact of the “crop” on evapotranspiration is assigned a full value for March through November. 
 
The Hydrogeologic Evaluation (Section 4.3.5) notes that the land designated for active spray irrigation will be 
planted in agricultural crops (wheat, corn, soybeans, and rye) or trees (mixed hardwood or loblolly pine). For the 
nitrogen balance equation (MDE Guidelines; Appendix D and Hydrogeologic Evaluation; Section 4.3.5), the 
removal of nitrogen by the designated crop is based on a full year. In the example proposed in the 
Hydrogeologic Evaluation (Section 4.3.5 and Appendix 9.13), corn is designated as the cover crop with an annual 
nitrogen removal (C) of 167 lbs./acre-year. The annual nitrogen removal by the proposed cover crop is the 
dominant, if not the only, active mechanism to ensure 
nitrogen does not contravene the target nitrogen concentration in the groundwater. It is not reasonable to 
assume corn, or any cover crop, is effective at removing nitrogen outside of its growing season. 
 
Average monthly potential evapotranspiration (PET) in the area 
(http://www.nrcc.cornell.edu/wxstation/pet/pet.html) during the irrigation season ranges from 0.6 inches in 
December to 4.8 inches in July.  Average monthly water inputs, including precipitation and irrigation will be 12 
inches per month.  The months of March, October, November and December are periods of limited plant 
growth, lower temperatures and each has less than 2 inches of PET per month.  This means that soils will 
typically be at or above field moisture capacity.  Such conditions decrease the amount of water required to 
saturate surface soils and will initiate a percolation and/or run-off event.  These conditions will happen more 
often if no off-sets from precipitation events are included in the management plan.  
 
The total nitrogen loading on the Trappe East spray irrigation fields when in full operation will be 4,935 lbs./year, 
or about 2½ tons/year. Based on an 87.6-acre spray irrigation area, the nitrogen application rate on an annual 
basis is 56.3 lbs./acre-year. The comparable phosphorus loading is about 493 lbs./year (nearly 0.25 tons), or 5.6 
lbs./acre-year. The potential impact to the groundwater and surface water has not been quantified in the 
Hydrogeologic Evaluation beyond the application of the algebraic equations contained in the MDE Guidelines. It 
would be good environmental practice to have applied a more rigorous evaluation of nitrogen (and phosphorus) 
degradation and transport to the groundwater and surface water. He and Andres (2015) conducted such an 
evaluation of impacts from spray irrigation in eastern Sussex County, Delaware. Alternatively, a public-domain 
program such as ATRANS (S. S. Papadopulos and Associates) could be used to model nitrate transport as was the 
case for Gard (2016). Also in the public domain is an ArcGIS-based application [ArcNLET (2011) and ArcNLET 2.0 
(2013) by Rios, Ye, Wang, and Lee of Florida State University and the Florida Department of Environmental 
Protection] developed to model the fate and transport of nitrate in the surficial groundwater originating from 
on-site sewage disposal. 

http://www.nrcc.cornell.edu/wxstation/pet/pet.html
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The presence of saturated conditions in and above the argillic horizon will promote denitrification. The projected 
annual nitrogen loading is already marginal for most row crops. Such crops are likely to require nitrogen 
fertilizing in order to realize sufficient yields and crop residue production. 
 
Concern about impact to the groundwater and streams would be of particular interest as it applies to the 
approximately 3,500 lineal feet of spray-field boundary located within about 25 feet of a tributary to the 
Choptank River. Assuming a ten-foot-wide strip of land along the 3,500-foot stream boundary would equate to 
35,000 square feet, or 0.80 acres. The MDE Guidelines (Section 3.1.2.4) and Permit 2021 (Section I.C.3.b) require 
a minimum of a 25-foot buffer between the spray irrigation field and intermittent or perennial streams. 
Considering there is potentially 0.80 acres of active spray irrigation field within 25 to 35 feet of the tributary to 
the Choptank River, the potential exists for approximately 45 lbs./year of nitrogen to enter the subsurface within 
that perimeter abutting the stream. Additionally, any surface water discharges in this area will be the quickest 
means to input phosphorus to the Chesapeake Bay. A lowered irrigation regime in this area will reduce 
antecedent soil moisture and reduce the potential for surface water run-off events. The assumption in the MDE 
Guidelines and Permit 2021 is that a 25-foot buffer is sufficient to ensure constituents contained in the effluent 
will not impact the surface-water quality. Confirmation of the adequacy of a 25-foot buffer was not provided in 
the Hydrogeologic Evaluation or the Nutrient Management Plan. 
 
It bears repeating that Brouwer and Heibloem (1986; Section 3.1.3) described the Blaney-Criddle Method as a 
simple method to calculate reference crop evapotranspiration, but it is not very accurate and provides only a 
rough estimate or “order of magnitude” value. The Blaney-Criddle Method is especially inaccurate under 
“extreme” climatic conditions. The climatic conditions under which the Blaney-Criddle Method is portrayed as 
inaccurate include windy, dry, sunny areas where evapotranspiration may be underestimated by up to 60%, 
while in calm, humid, clouded area the evapotranspiration may be overestimated up to 40%. 
 
Furthermore, Allen and others (1998) reported that the Food and Agriculture Organization of the United Nations 
(FAO) recommended that Blaney-Criddle method be used in areas where only temperature data are available. 
FAO recommended the use of the Penman-Monteith method that “uses standard climatic data that can be easily 
measured or derived from commonly measured data. 
 
Soil saturation will result in low stand density for both annual and perennial crops mentioned to date. Such 
reductions will equate to less plant residues and soil protection for cropping and practice factors used to predict 
soil erosion with the Universal Soil Loss Equation or its derivatives. This will result in increased soil erosion from 
the site which is a primary means of phosphorus delivery into the Chesapeake Bay. 

5. PROVIDE AN ASSESSMENT OF THE PROPOSED CONTROLS AS TO THEIR SUFFICIENCY TO MEET 
THE MDE NO NET NUTRIENT DISCHARGE OR TMDLS 
The analyses for wastewater loading (using the method published by Stone, 1976) and the estimate of potential 
evapotranspiration (using the Blaney-Criddle Method), as specified in the MDE Guidelines for Land 
Application/Reuse of Treated Municipal Wastewaters (Appendix D and Appendix C, respectively) produced 
results indicating that neither the hydraulic loading nor nitrogen loading would negatively affect the 
approvability of the spray irrigation project. 
 
The conclusion presented in the Hydrogeologic Evaluation (J. D. Hynes and Associates; 5 November 2019; 
Appendices 9.9 and 9.13) is that “prior to reaching the groundwater system, the nitrogen load will be reduced to 
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zero.” The nitrogen loading to the groundwater is calculated as zero, based on calculation procedures 
designated by the Maryland Department of the Environment, but the accuracy and applicability of those 
calculations are not substantiated. 
 
Soil profiles are descriptions of the different horizons (layers) of soil observed from the surface to depths of up 
to 6 or 7 feet. These profiles can be indicative of previous vegetation present; agricultural use; and, most 
importantly for this evaluation, the presence and relative duration of saturated horizons within the profile. Soil 
profiles can also be used to determine how percolation (downward drainage) occurs. Ten soil profile 
descriptions were completed for soil pits within the proposed irrigation areas by MDE’s Dr. Tien in 2002.  A copy 
of the profile descriptions is included in the Updated Final Report of Hydrogeologic Evaluation Services (2019). 
 
Argillic horizons are soil layers that accumulate clays from overlying horizons and commonly formed under 
deciduous trees. Higher clay content soil horizons will tend to slow percolation through soils because of lower 
saturated conductivity and due to capillary breaks. The most common soil on the site, Hambrook sandy loam 
(USDA, 2021) has a substantial sandy clay loam argillic horizon, at depths of approximately 14 – 28 inches, over a 
much coarser loamy sand BC horizon. Argillic horizons are annotated at Bt horizons and are identified in Dr. 
Tien’s descriptions. 
 
The Web Soil Survey hydraulic conductance for the argillic horizon soils is 9 micrometers per second (2.6 
feet/day) whereas the hydraulic conductance in the underlying BC horizon is 10 times greater at 92 micrometers 
per second (26.1 feet/day). This capillary break will require saturation of the argillic horizon before substantial 
drainage to the BC horizon occurs. 
 
Mottles are variations in soil Munsell chart colors that are often caused by oxidation and reduction of naturally 
occurring iron compounds in soil. If soils undergo wetting and drying the iron compounds will display varying 
states of oxidation expressed as different colors ranging from orange, red, brown to gray. The presence of 
mottles in soils indicates that for at least intermittent portions of the year, the mottled soil horizon(s) is/are at 
or near saturation. Mottles were described by Dr. Tien in several argillic horizons which are indicative of 
saturated soils being present within two feet of the surface under natural precipitation inputs only. In addition, 
Mottles were observed within several of the argillic horizons within 14 inches of the surface.  
 
Soil colors are described using three parameters, hue, value and chroma. Chroma describes the grayness of the 
soil. In subsoils, chromas of 2 or less are typically indicative of soils that are saturated for significant portions of 
the year. 
 
Hambrook sandy loam also contains a finer grained silt loam, 2Cg horizon approximately 65 inches below the 
surface. The ‘2C’ master horizon denotes an unstructured horizon with parent material differing from the 
overlying horizons. The ‘g’ sub-horizon denotes a gleyed horizon with a soil color having a chroma of 2 or less.  
Dr. Tien did describe C horizons but did not include a soil color for 5 of 10 profiles described. C horizon soil colors 
are only given with chromas of 8. 
 
There are no requirements in Permit 2021 for off-setting irrigation from received precipitation or predicted 
precipitation events. The various plants suggested to be used in the irrigation fields include corn, soybeans, 
wheat, orchardgrass, hybrid poplar and loblolly pine. None of these species are adapted to wetter regimes that 
will result with 10 plus feet of proposed annual water inputs (precipitation plus irrigation). Saturation will result 
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in reduction in rooting depth (Fan et al, 2017). Furthermore, surface water monitoring requirements are for 
quarterly sampling. 

COMMENTS: 
a. The mottles described in Dr. Tien’s soil profile descriptions are indicative of periods of soil saturation. 

 
b. The addition of 7 feet of irrigation water will increase the periods of saturation in and above the argillic 

horizon due to the capillary break with the underlying BC horizon. Such near surface saturation will 
reduce plant available nitrogen via denitrification; decrease plant rooting depths and yield; and increase 
plant mortalities. 

 
c. The lack of C horizon color descriptions for half the profiles, in combination with the soil survey 

Hambrook profile description of Cg horizons, brings into question what the depths to groundwater, or 
at least zones of saturation, on the site are. 

 
d. Under Permit 2021, irrigation could be conducted immediately after receiving a 2-inch rainfall or in 

advance of a significant, predicted rainfall, such as a summer thunderstorm. Such irrigation will increase 
the period of soil saturation or near saturation in and above argillic horizons and this will reduce the 
amount of precipitation required to initiate a surface water run-off event. After a significant rain, 
irrigation itself could initiate a surface water run-off event if soils are at or near saturation above the 
argillic horizon. Irrigation applications antecedent to a precipitation event will reduce the amount of 
precipitation required to initiate a surface water run-off event. 

 
e. Precipitation events will cause cancellations of scheduled irrigation which will require some weekly 

irrigation to be much greater than 2 inches. This is allowable under Permit 2021 as long as the annual 
weekly average irrigation amount is 2 inches or less. Larger irrigation events increase soil moisture 
content and require less precipitation to trigger a surface water discharge or could cause a surface run-
off event of their own accord if done after a significant precipitation event, as is currently allowed in 
Permit 2021. 

 
f. Increased surface water run-off will increase soil erosion which has the greatest potential to discharge 

nutrients the Chesapeake Bay due to topsoil phosphorus content. 
 

g. Roots of corn, soybean, wheat, loblolly pine and hybrid poplar will not survive in saturated conditions 
that will be common in and just above the argillic horizon. The result will be root die back during 
periods of near surface soil saturation. This will be particularly detrimental to annual plants. 

 
h. Higher soil moisture and microclimate humidity in surface soils and within the plant canopy will 

increase the occurrence of fungal diseases which will suppress and in extreme cases kill significant 
portions of crops that are not adapted to wetter soil conditions. 

 
i. Proposed perennial crops, such as orchardgrass or trees will also be impacted by saturated and near 

saturated soil conditions. Orchardgrass is not a facultative (can survive in both wetland and upland 
conditions) wetland species and is not expected to thrive in such wet conditions 
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j. Even trees will be affected by greater soil saturation. During their first three to five-year establishment 
period, young trees that are not obligative or facultative (adapted to wetlands) wetland species will 
have higher mortality rates in such wet conditions. Long term reduced rooting depth will result in a 
higher percentage of mature trees lost annually to wind tip. 

6. DISCHARGE OF TREATED WASTEWATER ON NOT EXCEEDING THE TYPE 1 AQUIFER STANDARDS 
Permit 2021 (Section I.D.5) requires that the treated wastewater shall not cause the natural (background) 
ground water quality, as measured in the monitoring wells, to exceed standards for Type I aquifers as specified 
in COMAR 26.08.02.09, “Ground Water Quality Standards (GWQS)”. 
 
The discharge quality criteria for Type I aquifers should not exceed the primary and secondary drinking 
standards as adopted in COMAR 26.04.01. Groundwater quality standards encompass inorganic compounds, 
petroleum hydrocarbons, polychlorinated biphenyl (PCBs), semi-volatile and volatile organic compounds. 
However, according to Permit 2021 (Section I.A.2) the treated wastewater effluent parameters that are required 
to be monitored prior to discharge to the storage pond include, flow, BOD5, suspended solids, total nitrogen (N), 
total phosphorus and fecal coliform. 
 
Furthermore, according to MDE’s National Pollutant Discharge Elimination System (NPDES) permitting program 
for new and existing POTWs, effluent parameters for all POTWs with a flow equal to or greater than 100,000 
gallons per day are required to monitor for – ammonia (N), chorine (total residual chlorine), dissolved oxygen, 
nitrate/nitrite, Kjeldahl nitrogen, oil & grease, phosphorus, total dissolved solids (TDS). Therefore, it appears that 
the list for treated wastewater parameters as identified in Section 1.A.2 may be limited to fully ensure the 
GWQS are sustained in the aquifer. 
 
In addition to the proposed wastewater effluent parameters and GWQS cited in Permit 2021, there are many 
emerging contaminants in the effluent wastewater discharges such as per-and polyfluroalkyl substances (PFAS). 
PFAS are known to pass through POTW treatment works, discharging to surface waters in their effluent and 
accumulating in biosolids (USEPA Preliminary Effluent Guidelines Program Plan 14, October 2019). To that end, 
MDE is working to understand potential sources of continuing releases of PFAS to the environment such as 
effluent from wastewater treatment plants, including those at military installations, in biosolids produced by 
wastewater treatment plants (and other facilities) and in landfill leachate. MDE issued a permit in Maryland for a 
wastewater treatment plant at Naval Support Facility Indian Head in August 2021, effective September 1, 2021 
for PFAS monitoring in effluent wastewater and biosolids. 
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SUMMARY OF MAIN POINTS: 
1. The Hydrogeologic Evaluation completed by J. D. Hynes and Associates (5 November 2019) followed the 

procedures and analyses contained in the Guidelines for Land Application/Reuse of Treated Municipal 
Wastewaters (Maryland Department of the Environment; MDE-WMA-001-04/10) which resulted in a 
favorable potential for approval of the permit application. 

a. Mass loading is not specifically mentioned in the Hydrogeologic Evaluation or Permit 2021, 
except as it relates to specifying concentration limits for Total Nitrogen (3 mg/L) and Total 
Phosphorus (0.3 mg/L). The Hydrogeologic Evaluation states that the equations for acceptable 
loading rates are based on nitrogen uptake and evapotranspiration being active throughout 
most if not all of the year. As such, the Hydrogeologic Evaluation concluded there would be no 
impact on the groundwater underlying the spray irrigation fields and no further evaluation of 
potential nitrogen or phosphorus impact to the groundwater or surface water was conducted. 
 

b. Based on the effluent limits (Total Nitrogen at 8 mg/L and Total Phosphorus at 3 mg/L) in 
Permit 2019, the acceptable wastewater loading (W) is calculated as 92 inches/year in the 
Hydrogeologic Evaluation based on the approach by Stone (1976) as specified in the MDE 
Guidelines. The expected wastewater loading, when spray irrigation is operating, is 87 
inches/year, which indicates the anticipated wastewater loading is acceptable. Based on the 
revised effluent limits in Permit 2021 (Total Nitrogen at 3 mg/L and Total Phosphorus at 0.3 
mg/L) the acceptable wastewater loading increased to 237.56 inches/year for Total Nitrogen 
and 856.47 inches/year for Total Phosphorus. The Hydrogeologic Evaluation cites the favorable 
calculation of “W” and concluding there would be no detrimental impact (pertaining to 
nitrogen) on the groundwater or surface water. 

2. Despite following the MDE Guidelines, the Hydrogeologic Evaluation was deficient on the following 
points: 

a. The 60-day storage requirement is the minimum specified in the MDE Guidelines and appears 
in the Permit 2019. Permit 2021 increased required storage to accommodate 75 days of 
effluent (40,500,000 gallons). However, the scientific or climatological basis for the 75-day 
storage requirement was not provided. 
 

b. Neither the Hydrogeologic Evaluation or Permit 2021 cites or requires the collection of field 
parameters, such as Dissolved Oxygen (DO), Temperature, and Oxidation-Reduction Potential 
(ORP). Analysis of groundwater sample for pH is required but not specified whether this is a 
parameter determined in the field or the laboratory. The preferred method for determining pH 
is in the field from freshly collected groundwater samples. Understanding if the groundwater 
environment is conducive to degradation of various contaminants, including nitrogen, requires 
a full suite of field parameters collected before and regularly after operation of the spray-
irrigation system. 

 
c. The hydraulic conductivity for the water-bearing zone at the site is derived from the 

transmissivity of a single high-capacity injection well as 195 feet/day, which is indicative of 
“clean sand, and sand and gravel”. The dominant soil type identified within the water-bearing 
zone is Silty Sand (SM) which would be expected to have a hydraulic conductivity between 0.1 
and 10 feet/day. If the hydraulic conductivity is actually within the range of 0.1 to 10 feet/day, 
the calculated groundwater velocity could differ by 2 to 4 orders of magnitude, which would 
have a significant impact on groundwater mounding. 
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d. It is extremely unlikely that a hydraulic conductivity derived from the transmissivity of a 
presumably high-capacity injection is representative of conditions in the shallow water-bearing 
formation at the site. Site-specific hydraulic conductivity values should have been obtained by 
conducting in-situ hydraulic conductivity testing (also called “slug” tests) or from data recorded 
while collecting groundwater samples using low-flow sampling techniques. 
 

e. The potential for and magnitude of hydraulic mounding beneath the spray irrigation field(s) 
calculated as 0.14 feet but was based on a single value of hydraulic conductivity (195 feet/day) 
and an assumed specific yield (0.1). No citation was presented as the basis for the value of 
specific yield. As noted earlier, site-specific values for hydraulic conductivity and specific yield 
are essential to have the ensuing calculations representative of the site. Using a hydraulic 
conductivity more representative of a Silty Sand (0.1 feet/day) predicted groundwater 
mounding under the spray-irrigation field of 1.7 feet that persisted about 80 feet from the 
center of the spray-irrigation field that could potentially cause the depth to groundwater to 
contravene the requirement to maintain a 2-footdepth to the water table below the ground 
surface. 

 
f. Soil profile descriptions appear incomplete and crucial information regarding saturated soil 

conditions and water table depths and fluxes in those depths have been omitted. 
 

g. The impacts of the proposed hydraulic loading have not been considered from a horticultural 
or silvicultural standpoint. The plants mentioned for potential use in the irrigation fields cause 
concern because of their inability to withstand saturated soils and/or have significant gaps in 
their growing season with limited/no ET and reduced ground cover. Either condition reduces 
protection from soil erosion. 

 
h. Not including antecedent or predicted precipitation events in irrigation scheduling will increase 

the number of surface water discharge events and soil erosion from the site. Based on 
measured soil phosphorus content, greater soil erosion will equate to greater discharges of 
phosphorus to surface water. 

 
i. The monitoring required is insufficient to determine if the water table fluxes to within 2 feet of 

the surface. The only indication will be observation of ponding, which is not required to be 
reported. 

 
j. Surface water monitoring specified is insufficient to determine content of discharges. Surface 

water sampling should be event based and taken in channels existing the irrigation field 
footprint. 

 
k. The MDE Guidelines suggests that the potential evapotranspiration (PET, in inches per unit 

area) be calculated using the Blaney-Criddle Method, which employs the crop use coefficient 
(K, dimensionless) and the consumptive use factor (F). Brouwer and Heibloem (1986; Section 
3.1.3) described the Blaney- Criddle Method as a simple method to calculate reference crop 
evapotranspiration, but it is not very accurate and provides only a rough estimate or “order of 
magnitude” value. The Blaney-Criddle Method is especially inaccurate under “extreme” 
climatic conditions, such as windy, dry, sunny areas where evapotranspiration may be 
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underestimated by up to 60%, and in calm, humid, clouded areas where the 
evapotranspiration may be overestimated up to 40%. Furthermore, Allen and others (1998) 
reported that the Food and Agriculture Organization of the United Nations (FAO) 
recommended that Blaney-Criddle method be used in areas where only temperature data are 
available. The FAO recommended the use of the Penman-Monteith method that “uses 
standard climatic data that can be easily measured or derived from commonly measured 
data.” And finally, as compared to the Penman- Monteith method, Tukimat, Harun and Shahid 
(2012) found that the Blaney-Criddle method had the highest relative error (0.31 or 31%) and 
their conclusion was that “[a]mong all the methods, the Blaney-Criddle method performed the 
worst.” 
 

l. Permit 2021 (Section I.A.2) requires treated wastewater effluent parameters to be monitored 
prior to discharge to the storage pond that include, flow, BOD5, suspended solids, total 
nitrogen (N), total phosphorus and fecal coliform. However, according to MDE’s National 
Pollutant Discharge Elimination System (NPDES) permitting program for new and existing 
POTWs, effluent parameters for all POTWs with a flow equal to or greater than 100,000 gallons 
per day are required to monitor for – ammonia (N), chlorine (total residual chlorine), dissolved 
oxygen, nitrate/nitrite, Kjeldahl nitrogen, oil & grease, phosphorus, and total dissolved solids 
(TDS). Therefore, it appears that the list for treated wastewater parameters as identified in 
Section I.A.2 may be limited to fully ensure the Ground Water Quality Standards GWQS are 
sustained in the aquifer. 

 
m. Potential for emerging compounds (such as, PFAS) were not discussed and included in the 

wastewater effluent parameters. 
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Figure 1 - Trappe East Site Map with Proposed Monitor Wells 
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Figure 2: Comparison of Hydraulic Conductivity and Representative Aquifer Materials 
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Figure 3: Soil-classification Triangle and Specific Yield 
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Figure 4 - Hydraulic Mounding for 0.72 Acre 
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Figure 5: Hydraulic Mounding Under 87.6 Acres 
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Figure 6 - Hydraulic Mounding Under 0.72 Acres with K = 0.1 feet/day 
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Figure 7 - Nitrogen and Phosphorus Loading (Treated Wastewater) 
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Figure 8 – Nutrient Uptake Rates for Selected Forage Crops 
 
 

 
Figure 9 - Nutrient Uptake for Selected Field Crops 
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Figure 10 - Phosphorus Balance Assuming Ryegrass as Crop (~ 58 lbs./acre-year) 
 
 

 
Figure 11 - Phosphorus Balance Assuming Corn as the Crop 
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Figure 12 - Nitrogen Balance with Corn 

 
 

 
Figure 13 - Nitrogen Balance with Sweet Clover 
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 

6



scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend (Trappe East WWTF)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 2 
percent slopes

15.9 1.8%

CsB Crosiadore silt loam, 2 to 5 
percent slopes

1.2 0.1%

EmA Elkton silt loam, 0 to 2 percent 
slopes

2.5 0.3%

FacA Fallsington sandy loams, 0 to 2 
percent slopes, Mid-Atlantic 
Coastal Plain

16.6 1.9%

HbA Hambrook sandy loam, 0 to 2 
percent slopes

24.8 2.8%

HfA Hambrook-Sassafras complex, 
0 to 2 percent slopes

143.4 16.2%

HfB Hambrook-Sassafras complex, 
2 to 5 percent slopes

291.7 33.0%

HfC Hambrook-Sassafras complex, 
5 to 10 percent slopes

108.1 12.2%

IgB Ingleside sandy loam, 2 to 5 
percent slopes

54.3 6.1%

IgC Ingleside sandy loam, 5 to 10 
percent slopes

53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-Atlantic 
Coastal Plain

9.5 1.1%

NM Nanticoke and Mannington 
soils, very frequently flooded, 
tidal

22.4 2.5%

NsA Nassawango silt loam, 0 to 2 
percent slopes

2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-Atlantic 
Coastal Plain

10.3 1.2%

UbB Udorthents, borrow area, 0 to 5 
percent slopes

1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

4.3 0.5%

W Water 1.1 0.1%

WdcA Woodstown sandy loam, 0 to 2 
percent slopes, Mid-Atlantic 
Coastal Plain

35.0 4.0%

WdcB Woodstown sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-Atlantic 
Coastal Plain

27.8 3.1%
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Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

Zk Zekiah silt loam, frequently 
flooded

56.0 6.3%

Totals for Area of Interest 883.2 100.0%

Map Unit Descriptions (Trappe East WWTF)
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.
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Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.
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Talbot County, Maryland

CsA—Crosiadore silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: nmd5
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Crosiadore and similar soils: 75 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Crosiadore

Setting
Landform: Flats, depressions
Landform position (three-dimensional): Talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Silty eolian deposits over fluviomarine sediments

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 28 inches: silt loam
2Btg - 28 to 33 inches: sandy loam
2Cg - 33 to 50 inches: sandy loam
2C1 - 50 to 57 inches: gravelly loamy sand
2C2 - 57 to 80 inches: fine sandy loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.57 in/hr)
Depth to water table: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Hydric soil rating: No

Minor Components

Mattapex
Percent of map unit: 10 percent
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Landform: Flats
Landform position (three-dimensional): Rise
Hydric soil rating: No

Kentuck
Percent of map unit: 5 percent
Landform: Depressions
Hydric soil rating: Yes

Elkton
Percent of map unit: 5 percent
Landform: Swales, depressions, flats
Hydric soil rating: Yes

Othello
Percent of map unit: 5 percent
Landform: Depressions, flats, swales, drainageways
Landform position (three-dimensional): Dip
Hydric soil rating: Yes

CsB—Crosiadore silt loam, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 1vh03
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Crosiadore and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Crosiadore

Setting
Landform: Flats, depressions
Landform position (three-dimensional): Talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Silty eolian deposits over fluviomarine sediments

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 28 inches: silt loam
2Btg - 28 to 33 inches: sandy loam
2Cg - 33 to 50 inches: sandy loam
2C1 - 50 to 57 inches: gravelly loamy sand
2C2 - 57 to 80 inches: fine sandy loam

Custom Soil Resource Report

16



Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.57 in/hr)
Depth to water table: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Hydric soil rating: No

Minor Components

Mattapex
Percent of map unit: 10 percent
Landform: Flats
Landform position (three-dimensional): Rise
Hydric soil rating: No

Othello
Percent of map unit: 5 percent
Landform: Swales, drainageways, depressions, flats
Landform position (three-dimensional): Dip
Hydric soil rating: Yes

Elkton
Percent of map unit: 5 percent
Landform: Swales, depressions, flats
Landform position (three-dimensional): Dip
Hydric soil rating: Yes

EmA—Elkton silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: spvy
Elevation: 0 to 210 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Elkton, undrained, and similar soils: 40 percent
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Elkton, drained, and similar soils: 35 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Elkton, Undrained

Setting
Landform: Flats, depressions, swales, drainageways
Landform position (three-dimensional): Dip, talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Silty eolian deposits and/or fluviomarine sediments

Typical profile
Oe - 0 to 3 inches: moderately decomposed plant material
A - 3 to 4 inches: silt loam
Eg - 4 to 13 inches: silt loam
Btg - 13 to 43 inches: silty clay loam
2BCg - 43 to 80 inches: very fine sandy loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Occasional
Available water supply, 0 to 60 inches: High (about 10.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 5w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Description of Elkton, Drained

Setting
Landform: Flats, depressions, swales
Landform position (three-dimensional): Dip, talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Silty eolian deposits and/or fluviomarine sediments

Typical profile
Ap - 0 to 10 inches: silt loam
BEg - 10 to 13 inches: silt loam
Btg - 13 to 43 inches: silty clay loam
2BCg - 43 to 80 inches: very fine sandy loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Runoff class: Negligible
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Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 
moderately high (0.06 to 0.20 in/hr)

Depth to water table: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: High (about 9.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Minor Components

Crosiadore
Percent of map unit: 10 percent
Landform: Flats, depressions
Landform position (three-dimensional): Rise
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Keyport
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, depressions, flats
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Kentuck, undrained
Percent of map unit: 5 percent
Landform: Swales, depressions
Down-slope shape: Concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes

Mattapex
Percent of map unit: 5 percent
Landform: Swales, flats, depressions
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Hydric soil rating: No

FacA—Fallsington sandy loams, 0 to 2 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2s96z
Elevation: 40 to 50 feet
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Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Fallsington, undrained, and similar soils: 48 percent
Fallsington, drained, and similar soils: 25 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Fallsington, Undrained

Setting
Landform: Swales, drainageways, flats, depressions
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine deposits

Typical profile
Oe - 0 to 2 inches: mucky peat
A - 2 to 10 inches: sandy loam
Btg - 10 to 32 inches: sandy clay loam
BCg - 32 to 39 inches: loamy sand
Cg1 - 39 to 46 inches: sandy clay loam
Cg2 - 46 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to high 

(0.01 to 1.98 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Occasional
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.3 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 5w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Description of Fallsington, Drained

Setting
Landform: Flats, depressions, swales
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: sandy loam

Custom Soil Resource Report

20



Btg - 10 to 32 inches: sandy clay loam
BCg - 32 to 39 inches: loamy sand
Cg1 - 39 to 46 inches: sandy clay loam
Cg2 - 46 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to high 

(0.01 to 1.98 in/hr)
Depth to water table: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: Rare
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.3 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Minor Components

Marshyhope
Percent of map unit: 8 percent
Landform: Flats, drainageways, depressions
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Woodstown
Percent of map unit: 7 percent
Landform: Fluviomarine terraces, depressions, broad interstream divides, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Hammonton
Percent of map unit: 5 percent
Landform: Flats, drainageways
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear
Hydric soil rating: No

Othello
Percent of map unit: 5 percent
Landform: Drainageways, flats, depressions, swales
Landform position (two-dimensional): Footslope, toeslope
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
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Hydric soil rating: Yes

HbA—Hambrook sandy loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 1r45z
Elevation: 0 to 330 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Hambrook and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hambrook

Setting
Landform: Depressions, fluviomarine terraces, flats
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear

Typical profile
Ap - 0 to 10 inches: sandy loam
BE - 10 to 14 inches: loam
Bt - 14 to 28 inches: sandy clay loam
BC - 28 to 65 inches: loamy sand
2Cg - 65 to 80 inches: silt loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 1.98 in/hr)
Depth to water table: About 42 to 72 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 7.9 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Hydric soil rating: No
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Minor Components

Hammonton
Percent of map unit: 5 percent
Landform: Flats, depressions, drainageways
Landform position (three-dimensional): Talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Sassafras
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, flats
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Cedartown
Percent of map unit: 5 percent
Landform: Knolls, dunes, flats
Landform position (three-dimensional): Rise, talf
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Hydric soil rating: No

Woodstown
Percent of map unit: 5 percent
Landform: Depressions, broad interstream divides, fluviomarine terraces, flats
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: No

HfA—Hambrook-Sassafras complex, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 1vh08
Elevation: 0 to 330 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Hambrook and similar soils: 41 percent
Sassafras and similar soils: 39 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Hambrook

Setting
Landform: Fluviomarine terraces, flats, depressions
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave

Typical profile
Ap - 0 to 10 inches: sandy loam
BE - 10 to 14 inches: loam
Bt - 14 to 28 inches: sandy clay loam
BC - 28 to 65 inches: loamy sand
2Cg - 65 to 80 inches: silt loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 1.98 in/hr)
Depth to water table: About 42 to 72 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 7.9 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Hydric soil rating: No

Description of Sassafras

Setting
Landform: Flats, low hills, knolls, fluviomarine terraces
Landform position (three-dimensional): Riser, dip
Down-slope shape: Linear, convex
Across-slope shape: Linear, convex

Typical profile
Ap - 0 to 9 inches: sandy loam
E - 9 to 15 inches: sandy loam
Bt - 15 to 30 inches: loam
BC - 30 to 37 inches: sandy loam
C - 37 to 80 inches: loamy sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
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Available water supply, 0 to 60 inches: Moderate (about 7.8 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Hydric soil rating: No

Minor Components

Woodstown
Percent of map unit: 10 percent
Landform: Depressions, flats
Landform position (three-dimensional): Dip
Hydric soil rating: No

Ingleside
Percent of map unit: 5 percent
Landform: Flats
Landform position (three-dimensional): Talf
Hydric soil rating: No

Mattapex
Percent of map unit: 5 percent
Landform: Depressions, flats
Landform position (three-dimensional): Dip
Hydric soil rating: No

HfB—Hambrook-Sassafras complex, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 1vh09
Elevation: 0 to 330 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Hambrook and similar soils: 41 percent
Sassafras and similar soils: 39 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hambrook

Setting
Landform: Flats, fluviomarine terraces, knolls, depressions
Landform position (three-dimensional): Rise
Down-slope shape: Linear, convex, concave
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Across-slope shape: Linear, convex, concave

Typical profile
Ap - 0 to 10 inches: sandy loam
BE - 10 to 14 inches: loam
Bt - 14 to 28 inches: sandy clay loam
BC - 28 to 65 inches: loamy sand
2Cg - 65 to 80 inches: silt loam

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 1.98 in/hr)
Depth to water table: About 40 to 72 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 7.9 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: B
Hydric soil rating: No

Description of Sassafras

Setting
Landform: Knolls, fluviomarine terraces, flats, low hills
Landform position (three-dimensional): Riser, dip
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear

Typical profile
Ap - 0 to 9 inches: sandy loam
E - 9 to 15 inches: sandy loam
Bt - 15 to 30 inches: loam
BC - 30 to 37 inches: sandy loam
C - 37 to 80 inches: loamy sand

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 7.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: B
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Hydric soil rating: No

Minor Components

Woodstown
Percent of map unit: 10 percent
Landform: Flats, depressions
Landform position (three-dimensional): Dip
Hydric soil rating: No

Ingleside
Percent of map unit: 5 percent
Landform: Flats
Landform position (three-dimensional): Talf
Hydric soil rating: No

Mattapex
Percent of map unit: 5 percent
Landform: Depressions, flats
Landform position (three-dimensional): Dip
Hydric soil rating: No

HfC—Hambrook-Sassafras complex, 5 to 10 percent slopes

Map Unit Setting
National map unit symbol: 1vh0b
Elevation: 20 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Hambrook and similar soils: 60 percent
Sassafras and similar soils: 30 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hambrook

Setting
Landform: Low hills, fluviomarine terraces, knolls
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear

Typical profile
Ap - 0 to 10 inches: sandy loam
BE - 10 to 14 inches: loam
Bt - 14 to 28 inches: sandy clay loam

Custom Soil Resource Report

27



BC - 28 to 65 inches: loamy sand
2Cg - 65 to 80 inches: silt loam

Properties and qualities
Slope: 5 to 10 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 1.98 in/hr)
Depth to water table: About 40 to 72 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 7.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Hydric soil rating: No

Description of Sassafras

Setting
Landform: Knolls, fluviomarine terraces, low hills
Landform position (three-dimensional): Side slope, riser
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear

Typical profile
Ap - 0 to 9 inches: sandy loam
E - 9 to 15 inches: sandy loam
Bt - 15 to 30 inches: loam
BC - 30 to 37 inches: sandy loam
C - 37 to 80 inches: loamy sand

Properties and qualities
Slope: 5 to 10 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 7.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Hydric soil rating: No

Minor Components

Galestown
Percent of map unit: 5 percent
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Landform: Low hills, knolls
Landform position (three-dimensional): Side slope
Hydric soil rating: No

Mattapex
Percent of map unit: 5 percent
Landform: Low hills
Landform position (three-dimensional): Base slope
Hydric soil rating: No

IgB—Ingleside sandy loam, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 1vh0f
Elevation: 10 to 140 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Ingleside and similar soils: 75 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ingleside

Setting
Landform: Fluviomarine terraces, flats, depressions
Landform position (three-dimensional): Rise
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave

Typical profile
Ap - 0 to 10 inches: sandy loam
E - 10 to 15 inches: sandy loam
Bt - 15 to 33 inches: sandy loam
BC - 33 to 43 inches: sandy loam
C1 - 43 to 56 inches: loamy sand
C2 - 56 to 80 inches: silt loam

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to high 

(0.06 to 5.95 in/hr)
Depth to water table: About 40 to 72 inches
Frequency of flooding: None
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Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 6.9 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: A
Hydric soil rating: No

Minor Components

Downer
Percent of map unit: 5 percent
Landform: Flats, knolls, fluviomarine terraces
Landform position (three-dimensional): Rise
Down-slope shape: Linear, convex
Across-slope shape: Linear, convex
Hydric soil rating: No

Cedartown
Percent of map unit: 5 percent
Landform: Dunes, knolls, flats
Landform position (three-dimensional): Talf
Down-slope shape: Convex, linear
Across-slope shape: Linear, convex
Hydric soil rating: No

Hammonton
Percent of map unit: 5 percent
Landform: Depressions, flats, drainageways
Landform position (three-dimensional): Talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: No

Rosedale
Percent of map unit: 5 percent
Landform: Flats
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Woodstown
Percent of map unit: 5 percent
Landform: Drainageways, flats, depressions
Landform position (three-dimensional): Dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No
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IgC—Ingleside sandy loam, 5 to 10 percent slopes

Map Unit Setting
National map unit symbol: 216cx
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Ingleside and similar soils: 75 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ingleside

Setting
Landform: Fluviomarine terraces, knolls
Down-slope shape: Linear
Across-slope shape: Linear

Typical profile
Ap - 0 to 10 inches: sandy loam
E - 10 to 15 inches: sandy loam
Bt - 15 to 33 inches: sandy loam
BC - 33 to 43 inches: sandy loam
C1 - 43 to 56 inches: loamy sand
C2 - 56 to 80 inches: silt loam

Properties and qualities
Slope: 5 to 10 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to high 

(0.06 to 5.95 in/hr)
Depth to water table: About 40 to 72 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 6.9 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: A
Hydric soil rating: No
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Minor Components

Cedartown
Percent of map unit: 5 percent
Landform: Dunes, knolls
Down-slope shape: Convex
Across-slope shape: Linear, convex
Hydric soil rating: No

Rosedale
Percent of map unit: 5 percent
Landform: Knolls, fluviomarine terraces
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Downer
Percent of map unit: 5 percent
Landform: Knolls, fluviomarine terraces
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Hydric soil rating: No

Hammonton
Percent of map unit: 5 percent
Landform: Depressions, drainageways
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: No

Woodstown
Percent of map unit: 5 percent
Landform: Depressions, drainageways
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: No

MtcA—Mattapex silt loam, 0 to 2 percent slopes, Mid-Atlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2thwt
Elevation: 0 to 90 feet
Mean annual precipitation: 42 to 46 inches
Mean annual air temperature: 55 to 59 degrees F
Frost-free period: 190 to 260 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Mattapex and similar soils: 80 percent
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Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mattapex

Setting
Landform: Swales, flats, depressions
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Parent material: Silty eolian deposits over fluviomarine sediments

Typical profile
Ap - 0 to 11 inches: silt loam
BE - 11 to 15 inches: silt loam
Bt - 15 to 36 inches: silt loam
2C1 - 36 to 60 inches: fine sandy loam
2C2 - 60 to 80 inches: loamy sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.57 in/hr)
Depth to water table: About 20 to 40 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.6 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C
Hydric soil rating: No

Minor Components

Nassawango
Percent of map unit: 10 percent
Landform: Flats, terraces
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Othello, drained
Percent of map unit: 5 percent
Landform: Depressions, swales, flats
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: Yes

Crosiadore
Percent of map unit: 5 percent
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Landform: Depressions, flats
Landform position (three-dimensional): Dip
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: No

NM—Nanticoke and Mannington soils, very frequently flooded, tidal

Map Unit Setting
National map unit symbol: 1vh0n
Elevation: 0 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Not prime farmland

Map Unit Composition
Nanticoke and similar soils: 50 percent
Mannington and similar soils: 40 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Nanticoke

Setting
Landform: Tidal flats, mud flats, flood plains
Down-slope shape: Linear
Across-slope shape: Linear

Typical profile
Ag - 0 to 10 inches: silt loam
Cg1 - 10 to 24 inches: silt loam
Cg2 - 24 to 80 inches: silty clay loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.57 in/hr)
Depth to water table: About 0 to 5 inches
Frequency of flooding: Very frequent
Frequency of ponding: None
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very high (about 12.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydrologic Soil Group: C/D
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Hydric soil rating: Yes

Description of Mannington

Setting
Landform: Mud flats, flood plains, tidal flats
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Silty estuarine sediments over organic, herbacious materials

Typical profile
Ag - 0 to 19 inches: mucky silt loam
Cg - 19 to 38 inches: silt loam
Oa - 38 to 60 inches: muck
C'g - 60 to 80 inches: silt loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.57 in/hr)
Depth to water table: About 0 to 5 inches
Frequency of flooding: Very frequent
Frequency of ponding: None
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very high (about 17.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Minor Components

Manahawkin
Percent of map unit: 5 percent
Landform: Swamps, flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

Mispillion
Percent of map unit: 5 percent
Landform: Tidal marshes
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes
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NsA—Nassawango silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: spwc
Elevation: 0 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Nassawango and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Nassawango

Setting
Landform: Terraces, flats
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Silty eolian deposits over fluviomarine sediments

Typical profile
Ap - 0 to 10 inches: silt loam
E - 10 to 16 inches: silt loam
Bt - 16 to 44 inches: silt loam
2C - 44 to 60 inches: loamy sand
2Cg - 60 to 80 inches: fine sandy loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.57 in/hr)
Depth to water table: About 40 to 72 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: High (about 9.3 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: C
Hydric soil rating: No
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Minor Components

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Crosiadore
Percent of map unit: 5 percent
Landform: Flats, depressions, swales
Landform position (three-dimensional): Dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Othello, drained
Percent of map unit: 5 percent
Landform: Swales, depressions
Down-slope shape: Concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes

Mattapex
Percent of map unit: 5 percent
Landform: Flats, depressions, swales
Landform position (three-dimensional): Dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

OtA—Othello silt loams, 0 to 2 percent slopes, Mid-Atlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2thwn
Elevation: 0 to 100 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 46 to 68 degrees F
Frost-free period: 210 to 240 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Othello, drained, and similar soils: 48 percent
Othello, undrained, and similar soils: 28 percent
Minor components: 24 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Othello, Drained

Setting
Landform: Flats, depressions, swales
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Silty eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 9 inches: silt loam
Btg - 9 to 29 inches: silt loam
2BCg - 29 to 34 inches: sandy loam
2Cg - 34 to 80 inches: loamy sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.57 in/hr)
Depth to water table: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: Rare
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Description of Othello, Undrained

Setting
Landform: Swales, drainageways, flats, depressions
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Parent material: Silty eolian deposits over fluviomarine deposits

Typical profile
Oe - 0 to 2 inches: peat
A - 2 to 4 inches: silt loam
Eg - 4 to 10 inches: silt loam
Btg - 10 to 29 inches: silt loam
2BCg - 29 to 35 inches: sandy loam
2Cg - 35 to 80 inches: loamy sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 
moderately high (0.06 to 0.57 in/hr)

Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Occasional
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 5w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Minor Components

Crosiadore
Percent of map unit: 7 percent
Landform: Fluviomarine terraces, depressions, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Mattapex
Percent of map unit: 7 percent
Landform: Broad interstream divides, flats, depressions, swales
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Fallsington, undrained
Percent of map unit: 5 percent
Landform: Flats, depressions, swales, drainageways
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes

Kentuck, undrained
Percent of map unit: 5 percent
Landform: Flats, depressions, swales
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes
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UbB—Udorthents, borrow area, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 1vh0s
Elevation: 0 to 150 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Not prime farmland

Map Unit Composition
Udorthents, borrow area, and similar soils: 75 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Udorthents, Borrow Area

Setting
Landform: Flats, knolls
Down-slope shape: Linear, convex
Across-slope shape: Linear, convex
Parent material: Fluviomarine sediments fluviomarine deposits

Typical profile
AC - 0 to 2 inches: loam
C - 2 to 80 inches: sandy loam

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to very 

high (0.06 to 19.98 in/hr)
Depth to water table: About 20 to 40 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 7.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
Hydric soil rating: No

Minor Components

Udorthents, loamy
Percent of map unit: 10 percent
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Landform: Broad interstream divides
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Askecksy, drained
Percent of map unit: 5 percent
Landform: Swales, flats, depressions
Landform position (three-dimensional): Talf
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Hydric soil rating: Yes

Klej
Percent of map unit: 5 percent
Landform: Flats, depressions
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Water
Percent of map unit: 5 percent
Hydric soil rating: No

UoB—Udorthents, loamy, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 1vh0v
Elevation: 0 to 300 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Not prime farmland

Map Unit Composition
Udorthents, loamy, and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Udorthents, Loamy

Setting
Landform: Flats
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Fluviomarine deposits

Typical profile
AC - 0 to 2 inches: loam
C - 2 to 72 inches: gravelly loam
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Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to very 

high (0.01 to 19.98 in/hr)
Depth to water table: About 40 to 72 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
Hydric soil rating: No

Minor Components

Urban land
Percent of map unit: 10 percent
Landform: Flats
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

W—Water

Map Unit Setting
National map unit symbol: 21777
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Not prime farmland

Map Unit Composition
Water: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

WdcA—Woodstown sandy loam, 0 to 2 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2thvt
Elevation: 0 to 90 feet
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Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Woodstown and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Woodstown

Setting
Landform: Fluviomarine terraces, depressions, broad interstream divides, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 7 inches: sandy loam
E - 7 to 11 inches: sandy loam
Bt - 11 to 29 inches: sandy loam
BCg - 29 to 45 inches: fine sandy loam
Cg - 45 to 80 inches: loamy sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 20 to 40 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C
Hydric soil rating: No

Minor Components

Fallsington
Percent of map unit: 6 percent
Landform: Drainageways, depressions, swales, flats
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: Yes
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Hammonton
Percent of map unit: 6 percent
Landform: Flats, broad interstream divides
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Hambrook
Percent of map unit: 4 percent
Landform: Fluviomarine terraces, flats
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Tread, talf
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Mattapex
Percent of map unit: 4 percent
Landform: Swales, broad interstream divides, flats, depressions
Landform position (two-dimensional): Footslope, summit
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Hydric soil rating: No

WdcB—Woodstown sandy loam, 2 to 5 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2thvv
Elevation: 0 to 90 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Woodstown and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Woodstown

Setting
Landform: Depressions, broad interstream divides, flats, fluviomarine terraces
Landform position (two-dimensional): Footslope, shoulder
Landform position (three-dimensional): Riser, dip
Down-slope shape: Concave, convex
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Across-slope shape: Concave, linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 7 inches: sandy loam
E - 7 to 11 inches: sandy loam
Bt - 11 to 29 inches: sandy loam
BCg - 29 to 45 inches: fine sandy loam
Cg - 45 to 80 inches: loamy sand

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 20 to 40 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
Hydric soil rating: No

Minor Components

Fallsington, occasionally ponded
Percent of map unit: 6 percent
Landform: Flats, drainageways, depressions, swales
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes

Hammonton
Percent of map unit: 6 percent
Landform: Flats, broad interstream divides
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Mattapex
Percent of map unit: 4 percent
Landform: Flats, depressions, swales, broad interstream divides
Landform position (two-dimensional): Shoulder, footslope
Landform position (three-dimensional): Dip
Down-slope shape: Convex, concave
Across-slope shape: Linear, concave
Hydric soil rating: No
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Hambrook
Percent of map unit: 4 percent
Landform: Fluviomarine terraces, flats
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Riser, dip
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

WocA—Woodstown loam, 0 to 2 percent slopes, Mid-Atlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2thx4
Elevation: 0 to 90 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 55 to 59 degrees F
Frost-free period: 210 to 240 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Woodstown and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Woodstown

Setting
Landform: Fluviomarine terraces, depressions, broad interstream divides, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 7 inches: loam
E - 7 to 11 inches: sandy loam
Bt - 11 to 29 inches: sandy loam
BCg - 29 to 45 inches: fine sandy loam
Cg - 45 to 80 inches: loamy sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 20 to 40 inches
Frequency of flooding: None
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Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C
Hydric soil rating: No

Minor Components

Fallsington
Percent of map unit: 6 percent
Landform: Drainageways, flats, depressions, swales
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: Yes

Hammonton
Percent of map unit: 6 percent
Landform: Flats, broad interstream divides
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Mattapex
Percent of map unit: 4 percent
Landform: Swales, broad interstream divides, flats, depressions
Landform position (two-dimensional): Footslope, summit
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Hydric soil rating: No

Hambrook
Percent of map unit: 4 percent
Landform: Fluviomarine terraces, flats
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Tread, talf
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No
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Zk—Zekiah silt loam, frequently flooded

Map Unit Setting
National map unit symbol: 1vh0y
Elevation: 0 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 58 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Not prime farmland

Map Unit Composition
Zekiah and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Zekiah

Setting
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear

Typical profile
A - 0 to 3 inches: silt loam
Cg - 3 to 20 inches: silt loam
2Ab - 20 to 27 inches: sandy loam
2Cg1 - 27 to 37 inches: sandy loam
2Cg2 - 37 to 50 inches: loam
2Cg3 - 50 to 80 inches: sand

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.38 to 1.98 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: Frequent
Frequency of ponding: Frequent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 5w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes
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Minor Components

Longmarsh
Percent of map unit: 10 percent
Landform: Flood plains
Hydric soil rating: Yes

Hammonton
Percent of map unit: 5 percent
Landform: Flats
Landform position (three-dimensional): Rise
Hydric soil rating: No

Hurlock
Percent of map unit: 5 percent
Landform: Flood plains
Hydric soil rating: Yes
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Soil Information for All Uses

Soil Properties and Qualities
The Soil Properties and Qualities section includes various soil properties and 
qualities displayed as thematic maps with a summary table for the soil map units in 
the selected area of interest. A single value or rating for each map unit is generated 
by aggregating the interpretive ratings of individual map unit components. This 
aggregation process is defined for each property or quality.

Soil Physical Properties

Soil Physical Properties are measured or inferred from direct observations in the 
field or laboratory. Examples of soil physical properties include percent clay, organic 
matter, saturated hydraulic conductivity, available water capacity, and bulk density.

Saturated Hydraulic Conductivity (Ksat) (Trappe East 
WWTF)

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a 
saturated soil transmit water. The estimates are expressed in terms of micrometers 
per second. They are based on soil characteristics observed in the field, particularly 
structure, porosity, and texture. Saturated hydraulic conductivity is considered in the 
design of soil drainage systems and septic tank absorption fields.

For each soil layer, this attribute is actually recorded as three separate values in the 
database. A low value and a high value indicate the range of this attribute for the 
soil component. A "representative" value indicates the expected value of this 
attribute for the component. For this soil property, only the representative value is 
used.

The numeric Ksat values have been grouped according to standard Ksat class 
limits.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

<= 6.2556

> 6.2556 and <= 24.4167

> 24.4167 and <= 
28.0000
> 28.0000 and <= 
101.6389
> 101.6389 and <= 
118.3344
Not rated or not available

Soil Rating Lines
<= 6.2556

> 6.2556 and <= 24.4167

> 24.4167 and <= 
28.0000
> 28.0000 and <= 
101.6389
> 101.6389 and <= 
118.3344
Not rated or not available

Soil Rating Points
<= 6.2556

> 6.2556 and <= 24.4167

> 24.4167 and <= 
28.0000
> 28.0000 and <= 
101.6389
> 101.6389 and <= 
118.3344
Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Saturated Hydraulic Conductivity (Ksat) (Trappe East 
WWTF)

Map unit symbol Map unit name Rating (micrometers 
per second)

Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 
2 percent slopes

4.3444 15.9 1.8%

CsB Crosiadore silt loam, 2 to 
5 percent slopes

4.3444 1.2 0.1%

EmA Elkton silt loam, 0 to 2 
percent slopes

118.3344 2.5 0.3%

FacA Fallsington sandy loams, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

101.6389 16.6 1.9%

HbA Hambrook sandy loam, 0 
to 2 percent slopes

22.1944 24.8 2.8%

HfA Hambrook-Sassafras 
complex, 0 to 2 
percent slopes

22.1944 143.4 16.2%

HfB Hambrook-Sassafras 
complex, 2 to 5 
percent slopes

22.1944 291.7 33.0%

HfC Hambrook-Sassafras 
complex, 5 to 10 
percent slopes

22.1944 108.1 12.2%

IgB Ingleside sandy loam, 2 
to 5 percent slopes

28.0000 54.3 6.1%

IgC Ingleside sandy loam, 5 
to 10 percent slopes

28.0000 53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

4.9867 9.5 1.1%

NM Nanticoke and 
Mannington soils, very 
frequently flooded, 
tidal

2.3028 22.4 2.5%

NsA Nassawango silt loam, 0 
to 2 percent slopes

4.7417 2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

6.2556 10.3 1.2%

UbB Udorthents, borrow area, 
0 to 5 percent slopes

24.4167 1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

2.2000 4.3 0.5%

W Water 1.1 0.1%

WdcA Woodstown sandy loam, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

23.7778 35.0 4.0%
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Map unit symbol Map unit name Rating (micrometers 
per second)

Acres in AOI Percent of AOI

WdcB Woodstown sandy loam, 
2 to 5 percent slopes, 
Mid-Atlantic Coastal 
Plain

23.7778 1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

18.7778 27.8 3.1%

Zk Zekiah silt loam, 
frequently flooded

4.1000 56.0 6.3%

Totals for Area of Interest 883.2 100.0%

Rating Options—Saturated Hydraulic Conductivity (Ksat) (Trappe 
East WWTF)

Units of Measure: micrometers per second

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified 

Tie-break Rule: Fastest

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted Average)

Top Depth: 0

Bottom Depth: 14

Units of Measure: Inches

Saturated Hydraulic Conductivity (Ksat) (Trappe East 
WWTF)

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a 
saturated soil transmit water. The estimates are expressed in terms of micrometers 
per second. They are based on soil characteristics observed in the field, particularly 
structure, porosity, and texture. Saturated hydraulic conductivity is considered in the 
design of soil drainage systems and septic tank absorption fields.

For each soil layer, this attribute is actually recorded as three separate values in the 
database. A low value and a high value indicate the range of this attribute for the 
soil component. A "representative" value indicates the expected value of this 
attribute for the component. For this soil property, only the representative value is 
used.

The numeric Ksat values have been grouped according to standard Ksat class 
limits.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

<= 0.5600

> 0.5600 and <= 2.2000

> 2.2000 and <= 9.0000

> 9.0000 and <= 17.1571

> 17.1571 and <= 
28.0000
Not rated or not available

Soil Rating Lines
<= 0.5600

> 0.5600 and <= 2.2000

> 2.2000 and <= 9.0000

> 9.0000 and <= 17.1571

> 17.1571 and <= 
28.0000
Not rated or not available

Soil Rating Points
<= 0.5600

> 0.5600 and <= 2.2000

> 2.2000 and <= 9.0000

> 9.0000 and <= 17.1571

> 17.1571 and <= 
28.0000
Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Saturated Hydraulic Conductivity (Ksat) (Trappe East 
WWTF)

Map unit symbol Map unit name Rating (micrometers 
per second)

Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 
2 percent slopes

1.4000 15.9 1.8%

CsB Crosiadore silt loam, 2 to 
5 percent slopes

1.4000 1.2 0.1%

EmA Elkton silt loam, 0 to 2 
percent slopes

0.5600 2.5 0.3%

FacA Fallsington sandy loams, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

9.0000 16.6 1.9%

HbA Hambrook sandy loam, 0 
to 2 percent slopes

9.0000 24.8 2.8%

HfA Hambrook-Sassafras 
complex, 0 to 2 
percent slopes

9.0000 143.4 16.2%

HfB Hambrook-Sassafras 
complex, 2 to 5 
percent slopes

9.0000 291.7 33.0%

HfC Hambrook-Sassafras 
complex, 5 to 10 
percent slopes

9.0000 108.1 12.2%

IgB Ingleside sandy loam, 2 
to 5 percent slopes

28.0000 54.3 6.1%

IgC Ingleside sandy loam, 5 
to 10 percent slopes

28.0000 53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

1.4743 9.5 1.1%

NM Nanticoke and 
Mannington soils, very 
frequently flooded, 
tidal

1.2600 22.4 2.5%

NsA Nassawango silt loam, 0 
to 2 percent slopes

1.5857 2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

1.4000 10.3 1.2%

UbB Udorthents, borrow area, 
0 to 5 percent slopes

28.0000 1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

2.2000 4.3 0.5%

W Water 1.1 0.1%

WdcA Woodstown sandy loam, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

9.0000 35.0 4.0%
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Map unit symbol Map unit name Rating (micrometers 
per second)

Acres in AOI Percent of AOI

WdcB Woodstown sandy loam, 
2 to 5 percent slopes, 
Mid-Atlantic Coastal 
Plain

9.0000 1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

9.0000 27.8 3.1%

Zk Zekiah silt loam, 
frequently flooded

17.1571 56.0 6.3%

Totals for Area of Interest 883.2 100.0%

Rating Options—Saturated Hydraulic Conductivity (Ksat) (Trappe 
East WWTF)

Units of Measure: micrometers per second

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified 

Tie-break Rule: Fastest

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted Average)

Top Depth: 14

Bottom Depth: 28

Units of Measure: Inches

Saturated Hydraulic Conductivity (Ksat) (Trappe East 
WWTF)

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a 
saturated soil transmit water. The estimates are expressed in terms of micrometers 
per second. They are based on soil characteristics observed in the field, particularly 
structure, porosity, and texture. Saturated hydraulic conductivity is considered in the 
design of soil drainage systems and septic tank absorption fields.

For each soil layer, this attribute is actually recorded as three separate values in the 
database. A low value and a high value indicate the range of this attribute for the 
soil component. A "representative" value indicates the expected value of this 
attribute for the component. For this soil property, only the representative value is 
used.

The numeric Ksat values have been grouped according to standard Ksat class 
limits.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

<= 8.1642

> 8.1642 and <= 28.0000

> 28.0000 and <= 
53.6355
> 53.6355 and <= 
69.8684
> 69.8684 and <= 
92.0000
Not rated or not available

Soil Rating Lines
<= 8.1642

> 8.1642 and <= 28.0000

> 28.0000 and <= 
53.6355
> 53.6355 and <= 
69.8684
> 69.8684 and <= 
92.0000
Not rated or not available

Soil Rating Points
<= 8.1642

> 8.1642 and <= 28.0000

> 28.0000 and <= 
53.6355
> 53.6355 and <= 
69.8684
> 69.8684 and <= 
92.0000
Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Saturated Hydraulic Conductivity (Ksat) (Trappe East 
WWTF)

Map unit symbol Map unit name Rating (micrometers 
per second)

Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 
2 percent slopes

26.7053 15.9 1.8%

CsB Crosiadore silt loam, 2 to 
5 percent slopes

26.7053 1.2 0.1%

EmA Elkton silt loam, 0 to 2 
percent slopes

8.1642 2.5 0.3%

FacA Fallsington sandy loams, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

69.8684 16.6 1.9%

HbA Hambrook sandy loam, 0 
to 2 percent slopes

92.0000 24.8 2.8%

HfA Hambrook-Sassafras 
complex, 0 to 2 
percent slopes

92.0000 143.4 16.2%

HfB Hambrook-Sassafras 
complex, 2 to 5 
percent slopes

92.0000 291.7 33.0%

HfC Hambrook-Sassafras 
complex, 5 to 10 
percent slopes

92.0000 108.1 12.2%

IgB Ingleside sandy loam, 2 
to 5 percent slopes

53.6355 54.3 6.1%

IgC Ingleside sandy loam, 5 
to 10 percent slopes

53.6355 53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

22.9105 9.5 1.1%

NM Nanticoke and 
Mannington soils, very 
frequently flooded, 
tidal

0.9100 22.4 2.5%

NsA Nassawango silt loam, 0 
to 2 percent slopes

49.0842 2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

83.5790 10.3 1.2%

UbB Udorthents, borrow area, 
0 to 5 percent slopes

28.0000 1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

2.2000 4.3 0.5%

W Water 1.1 0.1%

WdcA Woodstown sandy loam, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

60.0000 35.0 4.0%
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Map unit symbol Map unit name Rating (micrometers 
per second)

Acres in AOI Percent of AOI

WdcB Woodstown sandy loam, 
2 to 5 percent slopes, 
Mid-Atlantic Coastal 
Plain

60.0000 1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

60.0000 27.8 3.1%

Zk Zekiah silt loam, 
frequently flooded

40.5526 56.0 6.3%

Totals for Area of Interest 883.2 100.0%

Rating Options—Saturated Hydraulic Conductivity (Ksat) (Trappe 
East WWTF)

Units of Measure: micrometers per second

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified 

Tie-break Rule: Fastest

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted Average)

Top Depth: 30

Bottom Depth: 60

Units of Measure: Inches

Available Water Storage (Trappe East WWTF)

Available water storage (AWS) is the total volume of water (in centimeters) that 
should be available to plants when the soil, inclusive of rock fragments, is at field 
capacity. It is commonly estimated as the amount of water held between field 
capacity and the wilting point, with corrections for salinity, rock fragments, and 
rooting depth. AWS is reported as a single value (in centimeters) of water for the 
specified depth of the soil. AWS is calculated as the available water capacity times 
the thickness of each soil horizon to a specified depth.

For each soil layer, available water capacity, used in the computation of AWS, is 
recorded as three separate values in the database. A low value and a high value 
indicate the range of this attribute for the soil component. A "representative" value 
indicates the expected value of this attribute for the component. For the derivation 
of AWS, only the representative value for available water capacity is used.

The available water storage for each map unit component is computed as described 
above and then aggregated to a single value for the map unit by the process 
described below.
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A map unit typically consists of one or more "components." A component is either 
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being 
aggregated (e.g., available water storage), the first step of the aggregation process 
is to derive one attribute value for each of a map unit's components. From this set of 
component attributes, the next step of the process is to derive a single value that 
represents the map unit as a whole. Once a single value for each map unit is 
derived, a thematic map for the map units can be generated. Aggregation is needed 
because map units rather than components are delineated on the soil maps.

The composition of each component in a map unit is recorded as a percentage. A 
composition of 60 indicates that the component typically makes up approximately 
60 percent of the map unit.

For the available water storage, when a weighted average of all component values 
is computed, percent composition is the weighting factor.
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Map—Available Water Storage (Trappe East WWTF)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

<= 4.68

> 4.68 and <= 5.33

> 5.33 and <= 6.28

> 6.28 and <= 7.75

> 7.75 and <= 8.78

Not rated or not available

Soil Rating Lines
<= 4.68

> 4.68 and <= 5.33

> 5.33 and <= 6.28

> 6.28 and <= 7.75

> 7.75 and <= 8.78

Not rated or not available

Soil Rating Points
<= 4.68

> 4.68 and <= 5.33

> 5.33 and <= 6.28

> 6.28 and <= 7.75

> 7.75 and <= 8.78

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Available Water Storage (Trappe East WWTF)

Map unit symbol Map unit name Rating (centimeters) Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 
2 percent slopes

7.20 15.9 1.8%

CsB Crosiadore silt loam, 2 to 
5 percent slopes

7.20 1.2 0.1%

EmA Elkton silt loam, 0 to 2 
percent slopes

8.17 2.5 0.3%

FacA Fallsington sandy loams, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

6.28 16.6 1.9%

HbA Hambrook sandy loam, 0 
to 2 percent slopes

5.13 24.8 2.8%

HfA Hambrook-Sassafras 
complex, 0 to 2 
percent slopes

5.02 143.4 16.2%

HfB Hambrook-Sassafras 
complex, 2 to 5 
percent slopes

5.02 291.7 33.0%

HfC Hambrook-Sassafras 
complex, 5 to 10 
percent slopes

5.12 108.1 12.2%

IgB Ingleside sandy loam, 2 
to 5 percent slopes

4.49 54.3 6.1%

IgC Ingleside sandy loam, 5 
to 10 percent slopes

4.46 53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

7.35 9.5 1.1%

NM Nanticoke and 
Mannington soils, very 
frequently flooded, 
tidal

8.78 22.4 2.5%

NsA Nassawango silt loam, 0 
to 2 percent slopes

7.75 2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

7.40 10.3 1.2%

UbB Udorthents, borrow area, 
0 to 5 percent slopes

4.68 1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

5.19 4.3 0.5%

W Water 1.1 0.1%

WdcA Woodstown sandy loam, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

5.33 35.0 4.0%
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Map unit symbol Map unit name Rating (centimeters) Acres in AOI Percent of AOI

WdcB Woodstown sandy loam, 
2 to 5 percent slopes, 
Mid-Atlantic Coastal 
Plain

5.33 1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

5.33 27.8 3.1%

Zk Zekiah silt loam, 
frequently flooded

8.08 56.0 6.3%

Totals for Area of Interest 883.2 100.0%

Rating Options—Available Water Storage (Trappe East WWTF)

Units of Measure: centimeters

Aggregation Method: Weighted Average

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted Sum)

Top Depth: 0

Bottom Depth: 14

Units of Measure: Inches

Available Water Capacity (Trappe East WWTF)

Available water capacity (AWC) refers to the quantity of water that the soil is 
capable of storing for use by plants. The capacity for water storage is given in 
centimeters of water per centimeter of soil for each soil layer. The capacity varies, 
depending on soil properties that affect retention of water. The most important 
properties are the content of organic matter, soil texture, bulk density, and soil 
structure, with corrections for salinity and rock fragments. Available water capacity 
is an important factor in the choice of plants or crops to be grown and in the design 
and management of irrigation systems. It is not an estimate of the quantity of water 
actually available to plants at any given time.

Available water supply (AWS) is computed as AWC times the thickness of the soil. 
For example, if AWC is 0.15 cm/cm, the available water supply for 25 centimeters of 
soil would be 0.15 x 25, or 3.75 centimeters of water.

For each soil layer, AWC is recorded as three separate values in the database. A 
low value and a high value indicate the range of this attribute for the soil 
component. A "representative" value indicates the expected value of this attribute 
for the component. For this soil property, only the representative value is used.
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Custom Soil Resource Report
Map—Available Water Capacity (Trappe East WWTF)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

<= 0.14

> 0.14 and <= 0.15

> 0.15 and <= 0.20

> 0.20 and <= 0.22

> 0.22 and <= 0.26

Not rated or not available

Soil Rating Lines
<= 0.14

> 0.14 and <= 0.15

> 0.15 and <= 0.20

> 0.20 and <= 0.22

> 0.22 and <= 0.26

Not rated or not available

Soil Rating Points
<= 0.14

> 0.14 and <= 0.15

> 0.15 and <= 0.20

> 0.20 and <= 0.22

> 0.22 and <= 0.26

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Available Water Capacity (Trappe East WWTF)

Map unit symbol Map unit name Rating (centimeters per 
centimeter)

Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 
2 percent slopes

0.20 15.9 1.8%

CsB Crosiadore silt loam, 2 to 
5 percent slopes

0.20 1.2 0.1%

EmA Elkton silt loam, 0 to 2 
percent slopes

0.26 2.5 0.3%

FacA Fallsington sandy loams, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

0.19 16.6 1.9%

HbA Hambrook sandy loam, 0 
to 2 percent slopes

0.15 24.8 2.8%

HfA Hambrook-Sassafras 
complex, 0 to 2 
percent slopes

0.15 143.4 16.2%

HfB Hambrook-Sassafras 
complex, 2 to 5 
percent slopes

0.15 291.7 33.0%

HfC Hambrook-Sassafras 
complex, 5 to 10 
percent slopes

0.15 108.1 12.2%

IgB Ingleside sandy loam, 2 
to 5 percent slopes

0.13 54.3 6.1%

IgC Ingleside sandy loam, 5 
to 10 percent slopes

0.13 53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

0.20 9.5 1.1%

NM Nanticoke and 
Mannington soils, very 
frequently flooded, 
tidal

0.22 22.4 2.5%

NsA Nassawango silt loam, 0 
to 2 percent slopes

0.22 2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

0.19 10.3 1.2%

UbB Udorthents, borrow area, 
0 to 5 percent slopes

0.14 1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

0.14 4.3 0.5%

W Water 1.1 0.1%

WdcA Woodstown sandy loam, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

0.14 35.0 4.0%
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Map unit symbol Map unit name Rating (centimeters per 
centimeter)

Acres in AOI Percent of AOI

WdcB Woodstown sandy loam, 
2 to 5 percent slopes, 
Mid-Atlantic Coastal 
Plain

0.14 1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

0.14 27.8 3.1%

Zk Zekiah silt loam, 
frequently flooded

0.22 56.0 6.3%

Totals for Area of Interest 883.2 100.0%

Rating Options—Available Water Capacity (Trappe East WWTF)

Units of Measure: centimeters per centimeter

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted Average)

Top Depth: 0

Bottom Depth: 14

Units of Measure: Inches

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly 
measured, but are inferred from observations of dynamic conditions and from soil 
properties. Example soil qualities include natural drainage, and frost action. Soil 
features are attributes that are not directly part of the soil. Example soil features 
include slope and depth to restrictive layer. These features can greatly impact the 
use and management of the soil.

Hydrologic Soil Group (Trappe East WWTF)

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive precipitation 
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:
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Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly 
wet. These consist mainly of deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well drained 
soils that have moderately fine texture to moderately coarse texture. These soils 
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of water 
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay layer at 
or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in their 
natural condition are in group D are assigned to dual classes.
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Map—Hydrologic Soil Group (Trappe East WWTF)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Lines
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Points
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Hydrologic Soil Group (Trappe East WWTF)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 
2 percent slopes

C/D 15.9 1.8%

CsB Crosiadore silt loam, 2 to 
5 percent slopes

C/D 1.2 0.1%

EmA Elkton silt loam, 0 to 2 
percent slopes

C/D 2.5 0.3%

FacA Fallsington sandy loams, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

C/D 16.6 1.9%

HbA Hambrook sandy loam, 0 
to 2 percent slopes

B 24.8 2.8%

HfA Hambrook-Sassafras 
complex, 0 to 2 
percent slopes

B 143.4 16.2%

HfB Hambrook-Sassafras 
complex, 2 to 5 
percent slopes

B 291.7 33.0%

HfC Hambrook-Sassafras 
complex, 5 to 10 
percent slopes

B 108.1 12.2%

IgB Ingleside sandy loam, 2 
to 5 percent slopes

A 54.3 6.1%

IgC Ingleside sandy loam, 5 
to 10 percent slopes

A 53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

C 9.5 1.1%

NM Nanticoke and 
Mannington soils, very 
frequently flooded, 
tidal

C/D 22.4 2.5%

NsA Nassawango silt loam, 0 
to 2 percent slopes

C 2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

C/D 10.3 1.2%

UbB Udorthents, borrow area, 
0 to 5 percent slopes

C 1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

C 4.3 0.5%

W Water 1.1 0.1%

WdcA Woodstown sandy loam, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

C 35.0 4.0%
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Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

WdcB Woodstown sandy loam, 
2 to 5 percent slopes, 
Mid-Atlantic Coastal 
Plain

C 1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

C 27.8 3.1%

Zk Zekiah silt loam, 
frequently flooded

C/D 56.0 6.3%

Totals for Area of Interest 883.2 100.0%

Rating Options—Hydrologic Soil Group (Trappe East WWTF)

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Drainage Class (Trappe East WWTF)

"Drainage class (natural)" refers to the frequency and duration of wet periods under 
conditions similar to those under which the soil formed. Alterations of the water 
regime by human activities, either through drainage or irrigation, are not a 
consideration unless they have significantly changed the morphology of the soil. 
Seven classes of natural soil drainage are recognized-excessively drained, 
somewhat excessively drained, well drained, moderately well drained, somewhat 
poorly drained, poorly drained, and very poorly drained. These classes are defined 
in the "Soil Survey Manual."
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Map—Drainage Class (Trappe East WWTF)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Excessively drained

Somewhat excessively 
drained
Well drained

Moderately well drained

Somewhat poorly drained

Poorly drained

Very poorly drained

Subaqueous

Not rated or not available

Soil Rating Lines
Excessively drained

Somewhat excessively 
drained
Well drained

Moderately well drained

Somewhat poorly drained

Poorly drained

Very poorly drained

Subaqueous

Not rated or not available

Soil Rating Points

Excessively drained

Somewhat excessively 
drained
Well drained

Moderately well drained

Somewhat poorly drained

Poorly drained

Very poorly drained

Subaqueous

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Drainage Class (Trappe East WWTF)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 
2 percent slopes

Somewhat poorly 
drained

15.9 1.8%

CsB Crosiadore silt loam, 2 to 
5 percent slopes

Somewhat poorly 
drained

1.2 0.1%

EmA Elkton silt loam, 0 to 2 
percent slopes

Poorly drained 2.5 0.3%

FacA Fallsington sandy loams, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

Poorly drained 16.6 1.9%

HbA Hambrook sandy loam, 0 
to 2 percent slopes

Well drained 24.8 2.8%

HfA Hambrook-Sassafras 
complex, 0 to 2 
percent slopes

Well drained 143.4 16.2%

HfB Hambrook-Sassafras 
complex, 2 to 5 
percent slopes

Well drained 291.7 33.0%

HfC Hambrook-Sassafras 
complex, 5 to 10 
percent slopes

Well drained 108.1 12.2%

IgB Ingleside sandy loam, 2 
to 5 percent slopes

Well drained 54.3 6.1%

IgC Ingleside sandy loam, 5 
to 10 percent slopes

Well drained 53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

Moderately well drained 9.5 1.1%

NM Nanticoke and 
Mannington soils, very 
frequently flooded, 
tidal

Very poorly drained 22.4 2.5%

NsA Nassawango silt loam, 0 
to 2 percent slopes

Well drained 2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

Poorly drained 10.3 1.2%

UbB Udorthents, borrow area, 
0 to 5 percent slopes

Moderately well drained 1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

Well drained 4.3 0.5%

W Water 1.1 0.1%

WdcA Woodstown sandy loam, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

Moderately well drained 35.0 4.0%
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Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

WdcB Woodstown sandy loam, 
2 to 5 percent slopes, 
Mid-Atlantic Coastal 
Plain

Moderately well drained 1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

Moderately well drained 27.8 3.1%

Zk Zekiah silt loam, 
frequently flooded

Poorly drained 56.0 6.3%

Totals for Area of Interest 883.2 100.0%

Rating Options—Drainage Class (Trappe East WWTF)

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Water Features

Water Features include ponding frequency, flooding frequency, and depth to water 
table.

Depth to Water Table (Trappe East WWTF)

"Water table" refers to a saturated zone in the soil. It occurs during specified 
months. Estimates of the upper limit are based mainly on observations of the water 
table at selected sites and on evidence of a saturated zone, namely grayish colors 
(redoximorphic features) in the soil. A saturated zone that lasts for less than a 
month is not considered a water table.

This attribute is actually recorded as three separate values in the database. A low 
value and a high value indicate the range of this attribute for the soil component. A 
"representative" value indicates the expected value of this attribute for the 
component. For this soil property, only the representative value is used.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

0 - 25

25 - 50

50 - 100

100 - 150

150 - 200

> 200

Not rated or not available

Soil Rating Lines
0 - 25

25 - 50

50 - 100

100 - 150

150 - 200

> 200

Not rated or not available

Soil Rating Points
0 - 25

25 - 50

50 - 100

100 - 150

150 - 200

> 200

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:12,000.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Talbot County, Maryland
Survey Area Data: Version 17, Jun 11, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 16, 2014—Oct 
24, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Depth to Water Table (Trappe East WWTF)

Map unit symbol Map unit name Rating (centimeters) Acres in AOI Percent of AOI

CsA Crosiadore silt loam, 0 to 
2 percent slopes

36 15.9 1.8%

CsB Crosiadore silt loam, 2 to 
5 percent slopes

36 1.2 0.1%

EmA Elkton silt loam, 0 to 2 
percent slopes

13 2.5 0.3%

FacA Fallsington sandy loams, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

13 16.6 1.9%

HbA Hambrook sandy loam, 0 
to 2 percent slopes

114 24.8 2.8%

HfA Hambrook-Sassafras 
complex, 0 to 2 
percent slopes

114 143.4 16.2%

HfB Hambrook-Sassafras 
complex, 2 to 5 
percent slopes

114 291.7 33.0%

HfC Hambrook-Sassafras 
complex, 5 to 10 
percent slopes

114 108.1 12.2%

IgB Ingleside sandy loam, 2 
to 5 percent slopes

114 54.3 6.1%

IgC Ingleside sandy loam, 5 
to 10 percent slopes

114 53.4 6.0%

MtcA Mattapex silt loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

61 9.5 1.1%

NM Nanticoke and 
Mannington soils, very 
frequently flooded, 
tidal

5 22.4 2.5%

NsA Nassawango silt loam, 0 
to 2 percent slopes

114 2.5 0.3%

OtA Othello silt loams, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

36 10.3 1.2%

UbB Udorthents, borrow area, 
0 to 5 percent slopes

61 1.0 0.1%

UoB Udorthents, loamy, 0 to 5 
percent slopes

114 4.3 0.5%

W Water >200 1.1 0.1%

WdcA Woodstown sandy loam, 
0 to 2 percent slopes, 
Mid-Atlantic Coastal 
Plain

61 35.0 4.0%
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Map unit symbol Map unit name Rating (centimeters) Acres in AOI Percent of AOI

WdcB Woodstown sandy loam, 
2 to 5 percent slopes, 
Mid-Atlantic Coastal 
Plain

61 1.3 0.2%

WocA Woodstown loam, 0 to 2 
percent slopes, Mid-
Atlantic Coastal Plain

61 27.8 3.1%

Zk Zekiah silt loam, 
frequently flooded

13 56.0 6.3%

Totals for Area of Interest 883.2 100.0%
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Rating Options—Depth to Water Table (Trappe East WWTF)

Units of Measure: centimeters

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified 

Tie-break Rule: Lower

Interpret Nulls as Zero: No

Beginning Month: January

Ending Month: December
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