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HISTORY AND BACKGROUND 
The Town of Townsend (Townsend) is in New Castle County, Delaware and was chartered in 1885. 

Townsend’s population is approximately 2700 residents with industries including plastics, education, 

food services, and healthcare. Townsend’s existing limits are roughly 370 acres which consists of 

residential, commercial, institutions, and parks lands. The limits and boundaries of Townsend have 

increased as areas have been annexed.  

 
In October of 2001, Townsend entered into a Sewer Agreement with New Castle County, Delaware 

(the County) to receive sewer service and treatment for Townsend’s wastewater. The agreement 

stipulated that the County would provide service for the existing customers at the time of the agreement 

and accommodate up to an additional sewer capacity of 270,200 gallons per day (gpd). The agreement 

limited commercial development to 45,000 square feet or 23,000 gpd for commercial sewer flows. 

The County also specified capacity made available to Townsend, the types of industries allowed, sewer 

agreement requirements and allowable buildout of new development (types, sizes, and number). The 

existing agreement extends until the year 2026.   

 
Townsend is an appealing destination for many developers wishing to build residential, commercial, 

and industrial projects. Townsend is looking to expand by annexing areas in the vicinity of its 

boundaries, which would consist of approximately 70% residential and 30% commercial and 

community mixture. As Townsend’s population increases, its services will need to expand to 

commercial businesses and community services to accommodate the growth areas, which will also 

require wastewater services. As of January 31, 2020, the capacity available to Townsend was 30,925 

gpd or approximately 103 homes. The County has the right to refuse any annexation or industrial use 

from Townsend.   

 
Given these factors, Townsend has commissioned this study to determine the viability of establishing 

its own wastewater treatment and management options to service its existing and future needs.  
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EXISTING CHARACTERISTICS  
Existing Population and Land Use  

Townsend has around 603 residential units and 95% are detached single family homes with an 

occupancy rate of 3.52 per housing unit. The population increase over the past 10 years was 

approximately 30%. Residential acreage represents 56% of Townsend’s land use, while the remaining 

land use consiss of commercial (8.5%), institutional and community (3.9%), industrial (3.5%), and 

park and recreation (28.3%). Most of the commercial land use is located along Townsend’s major 

streets.   

 
Existing Water Infrastructure  

Artesian Water Company (Townsend Water) supplies drinking water to Townsend. The water system 

consists of two (2) wells with capacities of 200 and 225 gallons per minute (gpm). These wells are are 

in a section of Townsend that was developed prior to the Source Water Protection Ordinances, which 

are discussed in greater detail later in this report.  

 
Existing Wastewater Flows  

Delaware Natural Resources and Environmental Control (DNREC) regulations indicate that design 

flow for all residential dwellings is 120 gallons per day per bedroom with a minimum of 240 gallons 

per day. Townsend’s estimated bedrooms per dwelling of 2.5 bedrooms resulted in 300 gallons per 

day per dwelling. The minimum design flow for any commercial property is 120 gallons per day. Due 

to lack of information that is known about the potential future commercial development, flows were 

estimated using gallons per day per acre. The New Castle County Unified Development Code 

designates the floor area ratio (FAR), which is the allowable size of floor area on a lot compared to 

the size of the lots for various land uses. The code was used to estimate the buildable floor space of 

commercial, industrial, and other land uses. The Code designates Commercial Neighborhood (CN), 

Commercial Regional (CR), Office Neighborhood (ON), Office Regional (OR), or Industrial (I) 

Districts ranges of FAR between 0.3 and 0.5 and for conservative purposed, 0.5 was used as the FAR 

for these land uses. The FAR was multiplied by the land use areas in Table 3 to calculate the acres of 

commercial, industrial and community use.  

 
Flows from park and recreation land were not included due to relatively low contribution. The peaking 

factor for the wastewater flows based on the population was calculated as follows:   
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 1 + 14

4+√𝑃𝑃
   𝐻𝐻𝑃𝑃𝐹𝐹𝐻𝐻𝐹𝐹𝑛𝑛′𝑠𝑠 𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝐹𝐹𝐸𝐸𝐹𝐹𝑛𝑛  

 
Wastewater Flow Assumptions:  

• Population 2022 - 2700  

• Residential Density 7,000-12,000 square feet per parcel (sf/parcel) – used: 10,000 sf/parcel  

• Commercial Flow: Avg. 800-1500 gallons per day/acre(gpd/ac) used: 1500 gpd/ac  

• Residential Flow 120 gpd per bedroom(bd); 2.5 bd/ residential dwellings used: 300 

gpd/residential parcel   

• Min. residential dwellings - 240 gpd  

• Min. design flow for any commercial, community - 120 gpd  

• Floor Area Ratio (FAR) – 0.5  

• Peaking Factor (from formula above) – 1.25   

 
In order to provide a Factor of Safety due to the unknowability of the population growth, which has 

previously defied expectations, a Peaking Factor of 1.5 was used throughout this study. Several of the 

properties within Townsend are still on septic systems. These would not be accounted for in the flow 

data that the County maintains. The actual calibrated metered flow data for existing flows would be 

needed to determine the actual existing peak daily flows for the existing customers on public sewer. 

Therefore, the above assumptions were used to estimate the current wastewater flows. The existing 

designation of land used within Townsend as discussed earlier was used to calculate the various land 

uses and subsequent wastewater flows that would be generated from these sources. The table below 

shows the estimated wastewater flows for Townsend based on the current area in the footprint.  

 
Table 1 - Existing Wastewater Flows 
  No. of 

Parcels  
Square Ft  Acres  ADF (gpd)  ADF 

(MGD)  
PDF 
(MGD)  

Residential   852  13,833,178.14  317.57  255,600.00  0.26  0.51  
Commercial  23  2,104,590.82  48.31  36,236.07  0.036  0.07  
Community  12  960607.00  22.05  16,539.38  0.017  0.03  
Industrial  9  879,083.86  20.18  30,271.48  0.030  0.06  
Park and 
Recreation   

16  700,2726.47  160.76        

Total Flow    24,780,186    338,647  0.34  0.68  
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Existing Wastewater Collection and Conveyance   

New Castle County provides wastewater collection, treatment, and disposal services to Townsend 

through the 2001 agreement that ends in 2026. The County maintains Townsend’s collection and 

conveyance infrastructure, while being offered exclusive rights to the treatment and disposal services. 

Though the County maintains these systems, no wastewater flow is transported via gravity to the 

County’s collection system. All flow from Townsend is transported via two pump stations, the 

Wiggins Mill PS and the Edgar Road PS. A majority of the wastewater flow is conveyed through the 

Wiggins Mill PS and forcemain. The forcemain is routed through a sewer easement located along 

Wiggins Mill Road that connects to a wastewater treatment and disposal facility known as Water Farm 

#1, located southeast of Odessa. The remainder of the flow is conveyed from the Edgar Road PS 

 
The sewer agreement between Townsend and the County covers sewer capacity for the existing 

customers and three (3) new subdivisions (Townsend Villages I & II, Townsend Station, and The 

Woods at Hidden Creek). Townsend’s sewer capacity provided by the County is not to exceed:   

 
• Eight hundred (800) new-construction dwelling units  

• Twenty-four (24) dwelling units for infill capacity of existing structures or properties  

• 45,000-square-feet (23,000 gallons per day) of commercial development  

 
New developments are subject to County rules, regulations and procedures and each developer is 

required to execute an agreement with the County. The County also collects fees for every 

development or existing home in Townsend. Any homes with failing septic systems in Townsend are 

forced to connect to the County system, which can be very costly. The agreement also stipulates that 

all annexed areas be connected to the County sewer system. The County’s requirements are limiting 

the growth and expansion potential for Townsend and the potential growth of its commercial 

capabilities to accommodate residential growth.  

 
Existing Wastewater Treatment and Disposal  

 
Townsend presently has 0.2181 million gallons per day (MGD) of capacity or obligated flow allotment 

that is sent to and treated at County’s the plant. The obligated flow is the sum of the existing flow that 

Townsend currently generates, and the flow reserved by sewer agreements with the County (and 
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industrial permits, if applicable). The average daily flow passes through a section of sewer line and is 

calculated from the water consumption from all the areas that contribute flow to a section of sewer 

multiplied by a factor determined by downstream meter data and that flow is 0.1482 MGD.  The 

County’s records indicate the following accounts:  

 
Table 2 - Townsend Existing Wastewater Customer Accounts 

Account Type Total customers 
Commercial 14 
Residential 813 

  
Wastewater is treated by a Sequencing Batch Reactor (SBR) system. Treated effluent is either 

discharged to the Appoquinimink River or used for spray irrigation.  
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PROJECTED CHARACTERISTICS  
Projected Population and Land Use  

 
Projected growth based on information from Townsend’s 2020 Municipal Comprehensive 

Development Plan for the next 30 years is shown below:  

 
Table 3 - Population Projections 

  Present  2030  2040  2050  
Households  603  612  621  630  
Population  2700  3021  3583  4182  

 
Townsend has had discussions with several adjacent landowners interested in annexation. When 

planned developments are annexed into Townsend, the capacity must already exist to service these 

parcels. Based on these discussions with various developers, Townsend has projected the growth of 

or annexation parcels for the next 30-years in phases. Exhibit 1 shows the projected areas and 

boundaries which are also indicated in the table below:   

 
Table 4 - Annexation Area Growth Phases 

Phase Annexation Areas 
  sf acres 

Up to 10 Years 91,885,899.35 2109.41 
10-15 Years 36,380,566.24 835.18 
15-20 Years 40,868,841.46 938.22 
20-30 Years 19,525,005.12 448.23 

  
The largest projected increase to Townsend’s footprint appears to be in the next 10 years, which means 

that options for wastewater treatment must be developed immediately to properly plan to accept the 

anticipated growth. The remaining increases are at a steadier pace. The decision by Townsend was to 

address the 10-year wastewater treatment needs in this study with consideration of the proposed future 

growth.  

 

Projected Water Infrastructure  

Due to large increases and projections in population, Artesian Water Company has prepared a five-

year plan to upgrade their water system.  Townsend has recommendations that discourage the 

development within Source Water Protection areas. An adopted ordinance requires all new 

construction and annexations to connect to the water system.  While these considerations are not 
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within the scope of this study, knowledge on allowable or preferred water protection areas are crucial 

when determining wastewater disposal methods. 
 
Projected Wastewater Flow Calculation  

Townsend provided future build-out population projection information and the desired percentage of 

land use designations for residential, commercial, community and parks and recreation. The table 

below shows the anticipated and desired development breakdown.  
 
Table 5 - Future Buildout Land Use Breakdown 

Build-out Breakdown Land-use 
65% Residential 
20% Commercial 
10% Community 
5% Parks and Recreation 

  
The projected flows include all the existing limits in addition to all the projected flows from annexation 

areas that would contribute to flow from Townsend. The previous existing wastewater flow 

assumption information and estimated population of 3021 were used to calculate the projected peak 

daily wastewater. The table below shows estimated future flow for Townsend over the projected 

phases:  

  
Table 6 - Future Flow Projections 

  Average Daily Flow  Peak Daily Flow  
  gpd  MGD  gpd  MGD  

Existing  338,647  0.34  677,293.85  0.68  
Up to 10 Years  2,605,039 2.61 3,907,558.82 3.91   

10-15 Years  3,502,376 3.50 5,253,564.60   5.25 
15-20 Years  4,510,418 4.51 6,765,627.30 6.77 
20-30 Years  4,992,008 4.99 7,488,012.15 7.49 
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INDENTIFICATION OF ALTERNATIVES  
Wastewater Treatment  

The proposed new treatment and effluent site for Townsend’s wastewater must meet DNREC 

requirements and therefore, the type of treatment techniques and options available will depend on the 

ability to meet these requirements. The approximate size and design of the wastewater treatment and 

disposal systems will depend on the characteristics of the proposed treatment and effluent sites or 

sources.  
55T   

The technologies considered for wastewater treatment were based on the projected future build-out 

for the next 10 years with the potential for expansion to service flows that will be generated over the 

next 30 years although thought was given to allow for future development as projected by Townsend. 

To analyze the feasibility and location of a wastewater treatment facility in Townsend, a review was 

performed of the treatment options that will achieve DNREC’s required effluent disposal parameters 

on the proposed sites and waterways.   

 
Package plants are pre-manufactured treatment facilities used to treat smaller scale wastewater flows.  

The plants include extended aeration plants, sequencing batch reactors, oxidation ditches, contact 

stabilization plants, rotating biological contactors, and physical/chemical processes (Metcalf and Eddy 

1991). During these processes solids settle while the remaining organic matter is broken down by 

microorganisms. The next sections discuss three types of packaged plants, and the below table 

indicates their expected treatment levels. 

 
Extended Aeration process provides biological treatment for the removal of biodegradable organic 

wastes under aerobic conditions. Air provides oxygen needed to assist with the aerobic biological 

process. Mixing is provided by aeration or mechanical means and the pH is controlled. Sludge 

accumulates at the bottom until it is pumped out. 

 
A Sequencing Batch Reactor (SBR) is a fill and draw or batch process. The influent fills the reactor 

and aeration occurs while sludge is settled. The effluent is removed with some of the settled sludge. 

SBR systems contain either two or more reactor tanks that are operated in parallel, or one equalization 

tank and one reactor tank. The characteristics of wastewater dictate the tanks that are used. The system 

allows for continuous fluency, but disinfection or aerated sludge are not included or accommodated. 



 
 

11 

 
Oxidation Ditches are a type of extended aeration system that are configured in long ring, oval, or 

horseshoe-shaped basins. aerated, long term, complete mix process. Many systems are designed to 

operate as extended aeration systems. 
 
Table 7 - Package Plant Wastewater Parameters 

Wastewater Parameters Extended 
Aeration 

Sequencing 
Batch Reactor  

Oxidation 
Ditch 

BOD5 (F:M) (lb BOD5 / lb MLVSS) 0.05 - 0.15 0.05 - 0.30 0.05 - 0.30 
Oxygen Required Avg. at 20EC (lb/lb BOD5 applied) 2 - 3 2 - 3 2 - 3 
Oxygen Required Peak at 20EC (value x avg. flow) 1.5 - 2.0 1.25 - 2.0 1.5 - 2.0 

MLSS (mg/L) 3000 -6000 1500 -5000 3000 -6000 
Detention Time (hours) 18 - 36 16 - 36 18 - 36 

Volumetric Loading (lb BOD5 /d/ 103 cu ft) 10 - 25 5 - 15 5 - 30 
 

The setting of the treatment plant is crucial and can prove to impact the overall design and future 

operation and maintenance of the facility.  The ideal location would be at the lowest elevation of the 

service area to receive sewer flow by gravity and minimize the need for a force main. The site will 

require characterization of the soil to the depth of whichever is encountered first: seasonal high-water 

table, aquitard, or bedrock, or bottom of the excavation. Other factors include existing vegetation, past 

use of the site, contamination, archaeological findings, required grading or other site modifications, 

present and planned use of adjacent properties and environmental impact and habitat evaluation.  

 
Several sites have been proposed by Townsend as potential locations for future treatment facilities 

based on discussions with various landowners. The identified sites were analyzed to determine their 

suitability for locating wastewater treatment and disposal facilities. The table below shows the 

characteristics of the sites. 
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Table 8 - Site Locations 
SITE  AREA  Acres  Soil  

Finley Street  166,992.32  3.8  

SacB - Sassafras sandy loam, 2 to 5 percent 
slopes, Mid-Atlantic Coastal Plain  
OtcA - Othello silt loams, 0 to 2 percent 
slopes, Mid-Atlantic Coastal Plain  
HnA - Hammonton sandy loam, 0 to 2 
percent slopes  
Gu - Greenwich-Urban land complex, 0 to 5 
percent slopes  

Behind Cannery Lane:   137,948.54  2.6  

FacA - Fallsington sandy loams, 0 to 2 
percent slopes, Mid-Atlantic Coastal Plain  
SacB - Sassafras sandy loam, 2 to 5 percent 
slopes, Mid-Atlantic Coastal Plain  

Adjacent to Dexter 
Corner Road  1,085,588.21  24.9  

LhA- Lenni silt loam, 0 to 2 percent slopes  
HnA  -Hammonton sandy loam, 0 to 2 
percent slopes  
SacC - Sassafras sandy loam, 5 to 10 
percent slopes, Mid-Atlantic Coastal Plain  

Robinson Farm  9,322,511.55  214.02  

ReB - Reybold silt loam, 2 to 5 percent 
slopes  
WocA - Woodstown loam, 0 to 2 percent 
slopes, Mid-Atlantic Coastal Plain  
SacB - Sassafras sandy loam, 2 to 5 percent 
slopes, Mid-Atlantic Coastal Plain  
FgcA - Fallsington loams, 0 to 2 percent 
slopes, Mid-Altlantic Coastal Plain  
ReA - Reybold silt loam, 0 to 2 percent 
slopes  

 

Several siting factors to consider are proximity of the site to the receiving wastewater source, access 

for discharge to a reuse site or surface water. The soil characteristics are also important for percolation 

to groundwater as a disposal option. Location near environmentally sensitive areas is a concern due to 

flood zones which can be either beneficial or problematic because of soil drainage and flood potential. 

Water quality and quantity of existing waters may be adversely impacted. 

 

Wastewater Disposal   

Within Delaware, there are 31 publicly owned wastewater systems that discharge to surface and 

ground water sources. Townsend’s existing wastewater treatment currently directed to the County’s 

Wastewater Treatment plant outfalls to either the Appoquinimink River or used for spray irrigation.  
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Land Disposal 

Groundwater disposal of Townsend’s treatment system would involve land application of the treated 

effluent. Several beneficial factors of land application of treated effluent include the relative lower 

operation and maintenance costs, the non-waterway discharge requirement, reduction of odors to 

neighboring parcels, no sludge byproduct, beneficial nutrients from effluent if used for irrigation, and 

the compliance of this method with DNREC and EPA requirements. The three main types of land 

treatment systems used are slow rate (irrigation), overflow, and rapid infiltration systems.   

 
Rapid Infiltration Basins apply high hydraulic and organic loadings sporadically to shallow 

infiltration or spreading basins and use the soil matrix for physical, chemical, and biological treatment. 

The use of these systems can recharge streams and groundwater and when treated water is intercepted 

or captured, water recovery can occur. Lastly temporary storage can occur in local aquifers. Rapid 

infiltration systems remove most of the wastewater parameters (BOD, suspended solids and fecal 

coliform) at the end of this process. 

 
Overland Flow systems treat the wastewater as it flows over vegetated terraces and runoff is collected 

in a channel at the bottom of the slope. The wastewater is applied using high pressure sprinklers, low 

pressure sprays or other methods to discharge to surface on soils with relatively impermeable soils. 

Physical, chemical, and biological treatment processes occur along the surface runoff path. 

 
Slow Rate systems are the predominately used methods for land treatment and theses systems can be 

designed with the objective of strictly wastewater treatment, where the maximum amount of water is 

applied over the area or irrigation, which uses the effluent wastewater for watering vegetated land with 

sprinkling or surface application techniques. The water is applied intermittently to the soil where it is 

absorbed, consumed through evapotranspiration, or percolated to the soil, where the treatment occurs 

as it travels through the various layers. The water may also be captured by natural surface waters or 

collected by underdrains or wells. 

 
Townsend’s proposed four parcels of land within its limits for wastewater treatment which would 

require the effluent to meet DNREC’s requirements for land application. DNREC regulations for land 

application effluent quality for BOD5, TSS, and disinfection are based on site access control of the 

site which is defined as either Limited or Unlimited Public Access. Limited access sites are sites where 
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public access is controlled and only available to authorized personnel, including operations staff, 

laboratory staff and farm personnel. Unlimited public access area areas where is not a buffer from the 

public or they may freely access the site and can include areas such as are those landscaped areas such 

as golf courses, residential lawns, cemeteries, parks, and highway medians.  The differences in 

required treatment for each type of land access are discussed below and directly form DNREC’s 

regulations on Groundwater Discharges.  

 
The effluent wastewater utilized for limited public access sites must meet the following daily 

permissible average concentrations in Table 9. Unlimited Public Access sites require biological 

treatment, filtration, and disinfection. In addition to these requirements, disinfection methods require 

the additional following compliance measures the compliance monitoring point prior to irrigation. 

• Chlorine disinfection requires a total chlorine residual ranging between 0.5 and 4 mg/L. 

• Ultraviolet disinfection must follow storage with an ultraviolet dose of 100 mJ/cm2 or greater 

and routine sampling for the effectiveness of disinfection. 

• Chemical disinfection is utilized, continuous on-line monitoring of residual disinfection 

concentrations must be provided at the compliance monitoring point. If ultraviolet disinfection 

is utilized, at the compliance monitoring point 

 
The following table shows the wastewater discharge parameters for effluent to Limited and Unlimited 

Public Access lands:   
Table 9 - Public Access Limits 

 Limited Public Access 
Limits 

Unlimited Public 
Access Limits 

Rapid Infiltration 
Basins Sub-Surface 

Parameter Daily Permissible 
Average Concentration 

Daily Permissible 
Average Concentration   

BOD5 (mg/L) 50 10 30 30 
Fecal Coliform 
(colonies/mL) 200 20 30 30 

Total Suspended 
Solids (mg/L) 

90 (ponds) 
50 (mechanical) 10 200 N/A 

Turbidity (NTU) N/A 5 N/A N/A 
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Surface Water Discharge  

Townsend’s wastewater flows currently treated at Water Farm #1 discharges to the surface water 

source, the Appoquinimink River in the Delaware Bay (Watershed #12). The wastewater flows receive 

secondary and tertiary treatment, and nitrogen and phosphorous removal. The Nutrient effluent limits 

are:  

• CBODR5 

34.8 lbs/day (12,702 lbs/year) 

• Total Kjeldahl Nitrogen (TKN) (May-November) 

10.4 lbs./day average (3,796 lbs./year)  

• Total phosphorous (TP): 

2.1 lbs./day (766.5lbs/year) 

  
Townsend is in proximity to several waterways as seen in Figure 1. The waterways consist of lakes, 

ponds, and creeks that are tributary to the Delaware River. As such, these waterways have their own 

individual total maximum daily loads as designated by DNREC. The waterways include Wiggins Mill 

Pond, Noxontown Lake, Barlow Branch, Blackbird Creek, and the Appoquinimink River.  
  
The Appoquinimink system consists of three main tributaries, the Appoquinimink River main stem, 

Deep Creek, and Drawyer Creek. Wiggins Mill Pond and Noxontown Lake are a shallow, man-made 

small lake and pond in the watershed. The Appoquinimink River is an impaired waterway and is 

subject to all water quality standards based to its designated use for aquatic life, water supply, and 

recreation. At present, discharges to the waterways tributary the Appoquinimink would require the 

following Total Maximum Daily Loads (TMDL). 
  

Table 10 - TMDLs for Appoquinimink Watershed 
Segment Name Segment ID Contributing Sub-

watershed(s) 

Total Nitrogen 

(lbs/yr) 

Total Phosphorus 

(lbs/yr) 

Wiggins Mill Pond  DE010-002-01 5 7,388 1,024 

Noxontown Pond DE010-L01 5 7,388 1,024 

6 5,498 742 

  

The Blackbird Creek Watershed consists of three water segments and some of designated uses include 

industrial water supply, recreation, fish aquatic life and wildlife. Barlow Branch is a tributary to the 
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Blackbird Creek Watershed. The TMDLs of interest for this watershed is Dissolved Oxygen (DO), 

nutrients, and bacteria. Below are the required TDMLs for Blackbird Creek. 

 
Table 11 - TMDLs For Blackbird Creek Watershed 

Segment Name Total Nitrogen 

(lbs/yr) 

Total Phosphorus 

(lbs/yr) 

TMDL 

TN 105.1 70.4 175.5 

TP 11.64 8.33 19.97 

Enterococcus 4.67E+10 1.33E+07 4.67E+10 
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EVALUATION OF ALTERNATIVES 
Wastewater Disposal 

The chosen method of disposal was Slow Rate Land Application. Land treatment of wastewaters by 

the slow rate irrigation may be impacted by several factors including weather due to the application 

rates reduction during wet weather periods which creates the need for storage or alternative disposal 

during unfavorable conditions. Land application calculations are performed using the following 

metrics: 

A = area in acres 
Q = flow in gallons per day 
E+F = loading cycle (loading plus rest periods) in days per week 
E = loading period in days per week 
F = rest period in days per week 
G = storage requirement in days per year 
H = application rate (loading rate) in inches per week 
Conversion factors: 
365 = days per year 
27154 = gallons per acre-inch 
Design Flow: 3,907,558.82 gpd  
DNREC Requirements for Land Application: 
Application rate: 2.5 inches/acre/7-day period 
Loading: 7 days assume (1 on 6 off) 
Storage Requirement: 45 Days of Storage require (6.3.2.3.12 Storage) 

 
Capital costs for land treatment systems include intake piping, pumping, pretreatment, storage and 

field preparation to accept effluent. An estimate for the construction and operation and maintenance 

costs for slow-rate is as follows: 

 

Slow Rate, Sprinklers, Underdrained 

Construction costs ($)  C = (3.187)(Q)0.9331 = $11,374,759 

O & M Costs ($/yr)   C = (0.1120(Q)0.8176   = $341,492.95  
  

Slow Rate, Sprinklers, Not Underdrained 

Construction Costs ($)  C = (1.71)(Q)0.999   = $6,716,036.19  

O & M Costs ($/yr)   C = (0.205)(Q)0.5228 = $418,161.33  
  
Where: C = cost in dollars; Q = design flow, MGD (3.91 MGD) 
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Wastewater Treatment 

Treatment cost estimates were done using an SBR package plant. To size the package plant that would 

be required to treat the flow parameters from Townsend, the influent flows characteristics from New 

Castle County were used. Townsend Treatment Plant influent is as follows: 

 
• Average Daily Flow (next 10-years) – 2.61 MGD 
• Average TSS is 295 mg/L 
• Average CBOD is 250 mg/L 

 
The characteristics of the sample plant are as follows: 

• Average Daily Flow   - 2.60 
• BOD₅ 198 4,293 mg/L lbs/day  
• TSS 149 3,231 mg/L lbs/day 

 
The influent parameters are comparable to a similar treatment plants with a similar demographic 

breakdown. Through discussions with an SBR Packaged Plant Manufacturer, the necessary SBR 

specifications are as follows.  

• Parameter Value Unit SBR Tank Design  
• Number of Basins 2  
• Length 132 ft  
• Width 50 ft T 
• Top Water Level (TWL) at ADF 24 ft 
• Bottom Water Level (BWL) 17.4  
• Equipment Costs: $1.25 Million 

 
The cost of the SBR plant from the manufacturer does not include the site preparation and installation 

costs.  To determine an opinion of probable costs for the proposed plant in Townsend, a similar sized 

plant project from 2017 was used to approximate site preparation and installation costs.  The design 

was a 0.5 MGD SBR for Logan Township, NJ. The bid was $5.5 Million without equipment.  Using 

a ratio of 5 (2.5MGD: 0.5 MGD), and RS Means to approximate changes in dollar values, the proposed 

Townsend SBR and the size of this plant, the estimate of cost is projected to be as follows: 

 

RS Means:  January 2017 Index : 10542 

January 2021 Index: 12555.55 

Factor: 12555.55/10542 = 1.191 
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Estimated Proposed Townsend SBR Plant Construction Costs:  
 

$5.5 Million x 5 x 1.191 = $32.75 Million 

The total cost of the proposed Townsend SBR Plant for construction and equipment: 

Sum is $32.75 Million+ 1.25 Million = $34 Million 

 
This cost does not include other operational costs such as staffing, sludge handling, and maintenance 

costs. Additional input would be required from Townsend to determine the preferred method of sludge 

handling and disposal.  
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RECOMMENDATIONS  
 
The report outlines options for both surface and groundwater discharge options. The surface water 

discharge requires an array of components, specialized staff trained to operate the plant, more intense 

maintenance requirements. Additionally, the designated uses of these waters are industrial water 

supply, recreation, and wildlife. Additional steps would be required to ensure this required higher level 

of treatment and permitting requirements.  

 
Townsend presented several options for land treatment and the Robinson Farm site would be an ideal 

location due to its location and size. The recommended treatment for Townsend would be an SBR 

package plant. The recommended means of disposal would be slow-rate land application. This disposal 

method would eliminate the most additional unknown factors when compared to surface water 

discharges. Additional study would be needed to determine the final design and cost for the treatment 

plant.  

 

The information and recommendations are intended to provide Townsend with the means to determine 

the appropriate course of action for itself and its citizens. While the opinions and cost estimates reflect 

the best information available at this time, further efforts would be required to evaluate and design an 

appropriate treatment and disposal methods for Townsend.  
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APPENDIX A 

WASTEWATER FLOW CALCULATIONS 

  



 

Assumptions

Current Popoulation 2700

Residential Density 7,000 ‐ 12,000 sq ft / parcel (per Townsend) ‐ use:  10000

Commercial Lots: Avg. 800‐1500 (gpd/ac) use: Metcalf & Eddy Wastewater E 1500

300 gpd/house (2.5 bd/house) 300

 min.residential dwellings ‐ 240 gpd
min. design flow for any commercial, community ‐  120 gpd 120

Floor Area Ratio (FAR) New 0.5

Build‐out Breakdown based on Town Manager indication of desired growth
65% RESIDENTIAL

20% COMMERCIAL

10% COMMUNITY

5% PARK AND RECREATION

100%

AVERAGE DAILY FLOW (ADF)‐ EXISTING TOWN BOUNDARY

Original # of Parcels Square Ft Area

acres gpd MGD

RESIDENTIAL ‐ 300 gpd/(parce 852 13833178.14 317.57 255600.00 0.26

COMMERCIAL 23 2104590.82 48.31 36236.07 0.036

COMMUNITY 12 960607.00 22.05 16539.38 0.017

INDUSTRIAL 9 879083.86 20.18 30271.48 0.030

PARK AND RECREATION 16 7002726.47 160.76

TOTAL 912 24780186.28 568.87 338,647 0.34

AVERAGE DAILY FLOW (ADF) ‐ BUILD‐OUT

ANNEXATION AREAS Population Projects 1

New Residential Parcels 

(Based ON 65% of the 

total annexation and 

10,000 sf lots)

Incremental ADF Residential  ADF Residential 

Area (floor 

space) of 

Commercial/ 

Community 

Parcels (30% of 

total area) (.5 

FAR)

Incremental ADF 

Commercial/ Community 

 ADF 

Commercial/ 

Communityl 

SF acres gpd gpd acres gpd gpd

Up to 10 Years 3021 91,885,899.35                            2109.41 5972.58 1,791,775 1,791,775 316 474,617 474,617

10‐15 Years 3302 36,380,566.24                            835.18 2364.74 709,421 2,501,196 125 187,916 662,533

15‐20 Years 3583 40,868,841.46                            938.22 2656.47 796,942 3,298,138 141 211,099 873,633

20‐30 Years 4182 19,525,005.12                            448.23 1269.13 380,738 3,678,876 67 100,852 974,485

TOTAL 188,660,312.18                        4331.04 12262.92 3678876.09 11269985.69 649.66 974485.08 2985268.51

ADF  (gpd)

Annexation Area
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A) Application pathway

B) Recovery pathways

C) Subsurface pathway

Source: Crites, et al., 2000.

FIGURE 1 HYDRAULIC PATHWAYS FOR
SLOW RATE LAND TREATMENT

United States
Environmental Protection
Agency

Wastewater Technology Fact Sheet
Slow Rate Land Treatment

DESCRIPTION

Slow rate (SR) land treatment is the controlled
application of primary or secondary wastewater to a
vegetated land surface.  It is the oldest and most
widely used form of land treatment. The nutrients
and the water in partially treated wastewater
contribute to the growth of a wide variety of crops,
the maintenance of parks, pasture lands, and forests.
SR systems can produce a very high quality
percolate but also require the largest land area
compared to the other land treatment concepts. On
a worldwide basis, thousands of systems use
wastewater for irrigation in variations of the SR
process.

In the SR process, wastewater infiltrates and
percolates from the vegetated soil surface and flows
through the plant root zone and soil matrix.  Water
may percolate to the native groundwater or to
underdrains or wells for water recovery and reuse of
the effluent.  Underdrains serve to prevent
groundwater mounding under the site, to control
groundwater flow, and to minimize movement of
leachate onto adjacent property.  Figure 1 illustrates
the principal hydraulic pathways of water applied in
SR systems.

SR systems use standard irrigation methods to
distribute the water to agricultural fields, pastures,
or forest lands.  SR systems can be classified as
either slow rate infiltration systems (Type 1) or crop
irrigation systems (Type 2). The design objective of
slow rate infiltration systems is to maximize
wastewater treatment while minimizing land area.
Crop irrigation systems are designed to meet crop
water needs, which typically requires the use of a
larger land area. 

APPLICABILITY

The simplicity of land treatment makes it an
attractive technology compared with other
wastewater technologies.

A large forested sprinkler, slow rate irrigation
system, constructed in the early 1980s, in Dalton,
Georgia, highlights the applicability of land
treatment systems.  Dalton is known as the “carpet
capital of the world” with 87 percent of its total
municipal flow attributed to the carpet industry.
The total site contains 3,640 hectares (9,000 acres)
with about 1,860 hectares (4,605 acres) of forest
being irrigated.  The terrain varies from flat to
relatively steep (some areas have up to a 40 percent
grade) with soil depths of 0.5 to 1.2 m (1.5 to 4
feet).  The three secondary treatment plants that feed
secondary effluent to the site generate a combined
flow of 33 million gallons per day (MGD) (Nutter,
2000).



The choice of application method depends upon site
conditions and wastewater characteristics.  In
Dalton, lint caused clogging problems in the
sprinkler system but improved industrial
pretreatment and screening at the pumping stations
remediated this problem.  In general, advantages of
sprinkler application over gravity methods include:

• More uniform distribution of water and
greater flexibility in application rates.

• Applicable to most crops.

• Less susceptible to topographic constraints
and reduced operator skill and experience.

Gravity methods that utilize shallow flooding of
carefully graded fields is generally applicable only
for row crops and pastures on relatively flat,
uniform terrain.

ADVANTAGES AND DISADVANTAGES

Advantages

SR systems, like other land treatment methods, may
be an economical system for wastewater treatment
in locations where sufficient land is available at a
suitable price.  Specific advantages of this
technology include:

• Significantly reduced operational, labor,
chemical, and energy requirements
compared to conventional wastewater
treatment systems.

• Economic return from the use and re-use of
water and nutrients to provide marketable
crops.

• Little or no disposal or effluent production.

• Recycling and reuse of water reduces water
distribution and treatment costs for crop
irrigation.

Disadvantages

SR systems require a thorough investigation of site
suitability before implementation. Land area
requirements are significantly greater for SR

systems than for conventional wastewater treatment
plants and other land treatment methods, such as
rapid infiltration and overland flow systems.  Slow
rate application may not be feasible in most
suburban and urban areas.  Land requirements
include the application area, roads, and winter
storage during cold weather if seasonal crops are
grown or if frozen soil conditions develop.
Temporary storage may also be required for
harvesting and maintenance activities.

The removal of pathogens and other pollutants is
very effective in SR systems when properly
designed and managed.  The complex removal
mechanisms involved with land treatment processes
make site selection a critical part of the design.
Specific problems associated with poor site
selection include:  

• Soil structure dispersion resulting from high
dissolved salts concentration.

• Runoff and erosion for sites with steep
slopes or lack of adequate erosion
protection.

• Inadequate soil or groundwater
characterization resulting in operational
hydraulic problems.

DESIGN CRITERIA

Proper soils and an adequate land area are
paramount criteria when considering SR systems.
Table 1 shows the general design parameters for SR
systems.  The SR process is most suitable for soils
of low to medium permeability. Land requirements
for this technology are relatively large, but can
decrease as the level of influent water quality or
degree of pre-treatment increases.  

Vegetation serves to reduce nutrient concentrations
by uptake, to control erosion, and to maintain or
increase infiltration rates.  

Considerations for vegetative selection include:

• Suitability of climate and soil conditions.

• Consumptive water use and water tolerance.



• Nutrient uptake and sensitivity to
wastewater constituents.

• Economic value and marketability.

• Length of growing season.

• Ease of management.

• Public health regulations.

Design considerations for the sprinkler system
include: 

• Field conditions (shape, slope, vegetation,
soil type).

• Climate.

• Operating conditions.

• Economics.

Design slopes should be less than 15 percent to
promote  infiltration rather than surface runoff.

References 1, 2, and 6 provide detailed design
guidance for SR systems. For planning purposes, a
rough estimate of the total land area required for an
SR system can be developed using the following
equations: 

Warm climates and/or 12 month per year operation:

              A = 190(Q)

Cold climates and/or 6 month per year operation:

             A = 280(Q)

Where:  A = total site area, acres

            Q = design flow, MGD

These equations are valid up to a design flow of
about 10 MGD, and include an allowance for a
temporary storage pond or access roads.
Pretreatment is not included. 

PERFORMANCE 

Performance of SR systems in reducing BOD, TSS,
nitrogen, phosphorus, metals, trace organics, and
pathogens is generally very good. Table 2 shows
expected removals for typical pollution parameters
by SR systems.  Nitrogen removal occurs through
vegetative uptake, biological reduction through
nitrification/denitrification in soil, and ammonia
volatilization.

Limitations

Land treatment of wastewaters by the SR process is
limited by several factors, including climate, the
slope of the land, and soil conditions. Wastewater
application may need to be reduced during wet
weather periods, creating a need for an adequate
storage volume during such periods. In cold
climates, frozen soil conditions may also slow
application during the winter months. Other

TABLE 1 DESIGN CRITERIA

Item Range

Field Area 56 to 560 acres/MGD

Application Rate 2 to 20 ft/yr
(0.5 to 4 in/wk)

BOD Loading 0.2 to 5 lb/acre/d

Soil Depth at least 2 to 5 ft

Soil Permeability 0.06 to 2.0 in/hr

Lower Temperature Limit 25 deg F

Application Method sprinkler or surface

Pretreatment Required preliminary & secondary

Particle Size (for sprinkler
applications)

Solids less than 1/3
sprinkler nozzle 

Source: Crites, et al., 2000.

TABLE 2  EFFLUENT QUALITY

Parameter Percent Removal

BOD 90 to 99+ percent

TSS 90 to 99+ percent

TN 50 to 90 percent

TP 80 to 99 percent

Fecal Coliform 99.99+ percent

Source: Crites, et al., 2000.



disadvantages include high land requirements and
potential odor and vector problems if adequate
pretreatment is not employed.  Other limitations of
the SR process include:

• Crop water tolerances.

• Nutrient requirements.

• Sprinkling limitations (wind conditions,
clogging of nozzles).

• May need pretreatment for solids, oil, and
grease.

OPERATION AND MAINTENANCE

Proper operation and maintenance (O&M) is
required for SR land treatment systems to perform
as intended.  In general, labor requirements for land
treatment systems will be less than those for
conventional wastewater systems. When crop
harvesting is required, there will be a greater
requirement for labor.  Monitoring requirements can
include applied wastewater, groundwater, soil, and
vegetation. Vegetation grown on SR systems is
usually harvested on a routine basis. Dikes and
berms for ponds require regular investigation to
check for burrowing animals or decay/destruction of
the structure and liner material.  Systems that use
sprinklers should have a regular inspection and
cleaning schedule, including regular draining of
lines and pipes in seasonal operation to avoid
corrosion. Pumps, valves, and other mechanical
elements require routine maintenance, including
lubrication.

COSTS

Capital costs for land treatment systems include
(Crites, Reed, and Bastian, 2000):

• Transmission.

• Pumping.

• Preapplication treatment.

• Storage.

• Field preparation.

• Distribution.

• Recovery.

• Land.

There will be operation and maintenance costs with
all of these areas except land purchase and
preparation. Other O&M costs may include
monitoring,  site and crop management, and
harvesting.  Other costs may include buildings,
roads, relocation of residents, and purchase of water
rights.

A preliminary estimate of costs for planning
purposes can be obtained using the following
equations.

Slow Rate, Sprinklers, Underdrained

Construction costs ($)            O & M Costs ($/yr)

C = (3.187)(Q)0.9331                 C = (0.1120(Q)0.8176

Slow Rate, Sprinklers, Not Underdrained

Construction Costs ($)         O & M Costs ($/yr)

C = (1.71)(Q)0.999                  C = (0.205)(Q)0.5228

Where: C = costs in millions of dollars                  
             Q = design flow, MGD

These costs are valid up to about a flow of 10 MGD.
Increase construction costs by about 5 percent for
solid-set sprinklers; decrease construction costs by
about 5 percent for center pivot sprinklers. Increase
O & M by 5 percent for center pivot sprinklers;
decrease by 5 percent for solid-set.  Underdrain
costs assume a six foot deep pipe network. A 75-day
storage pond is included in these cost estimates, but
pretreatment and land costs are not.
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Wastewater
Technology Fact Sheet
Package Plants

DESCRIPTION

Package plants are pre-manufactured treatment
facilities used to treat wastewater in small
communities or on individual properties.
According to manufacturers, package plants can be
designed to treat flows as low as 0.002 MGD or as
high as 0.5 MGD, although they more commonly
treat flows between 0.01 and 0.25 MGD (Metcalf
and Eddy, 1991).

The most common types of package plants are
extended aeration plants, sequencing batch reactors,
oxidation ditches, contact stabilization plants,
ro t a t ing  b io log ica l  con tac to r s ,  and
physical/chemical processes (Metcalf and Eddy,
1991).  This fact sheet focuses on the first three, all
of which are biological aeration processes.

Extended aeration plants

The extended aeration process is one modification
of the activated sludge process which provides
biological treatment for the removal of
biodegradable organic wastes under aerobic
conditions.  Air may be supplied by mechanical or
diffused aeration to provide the oxygen required to
sustain the aerobic biological process.  Mixing must
be provided by aeration or mechanical means to
maintain the microbial organisms in contact with
the dissolved organics.  In addition, the pH must be
controlled to optimize the biological process and
essential nutrients must be present to facilitate
biological growth and the continuation of biological
degradation.

As depicted in Figure 1, wastewater enters the
treatment system and is typically screened

immediately to remove large suspended, settleable,
or floating solids that could interfere with or
damage equipment downstream in the process.
Wastewater may then pass through a grinder to
reduce large particles that are not captured in the
screening process.  If the plant requires the flow to
be regulated, the effluent will then flow into
equalization basins which regulate peak wastewater
flow rates.  Wastewater then enters the aeration
chamber, where it is mixed and oxygen is provided
to the microorganisms.  The mixed liquor then
flows to a clarifier or settling chamber where most
microorganisms settle to the bottom of the clarifier
and a portion are pumped back to the incoming
wastewater at the beginning of the plant.  This
returned material is the return activated sludge
(RAS).  The material that is not returned, the waste
activated sludge (WAS), is removed for treatment
and disposal.  The clarified wastewater then flows
over a weir and into a collection channel before
being diverted to the disinfection system.

Influent

Screening/
Grinding

Flow
Equalization
(if required)

Extended
Aeration

Digestion

To Solids Handling,
Disposal, or

Beneficial Reuse

Clarification Disinfection

Effluent

Waste Activated
Sludge (WAS)

Return Activated
Sludge (RAS)

Source: Parsons Engineering Science, 2000.

FIGURE 1 PROCESS FLOW DIAGRAM
FOR A TYPICAL EXTENDED AERATION

PLANT



Extended aeration package plants consist of a steel
tank that is compartmentalized into flow
equalization, aeration, clarification, disinfection,
and aerated sludge holding/digestion segments.
Extended aeration systems are typically
manufactured to treat wastewater flow rates
between 0.002 to 0.1 MGD.  Use of concrete tanks
may be preferable for larger sizes (Sloan, 1999).

Extended aeration plants are usually started up
using "seed sludge" from another sewage plant.  It
may take as many as two to four weeks from the
time it is seeded for the plant to stabilize (Sloan,
1999).

Sequencing batch reactors

A sequencing batch reactor (SBR) is a variation of
the activated sludge process.  As a fill and draw or
batch process, all biological treatment phases occur
in a single tank.  This differs from the conventional
flow through activated sludge process in that SBRs
do not require separate tanks for aeration and
sedimentation (Kappe, 1999).  SBR systems contain
either two or more reactor tanks that are operated in
parallel, or one equalization tank and one reactor
tank.  The type of tank used depends on the
wastewater flow characteristics (e.g. high or low
volume).  While this setup allows the system to
accommodate continuous influent flow, it does not
provide for disinfection or holding for aerated
sludge.

There are many types of SBR systems, including
continuous influent/time based, non-continuous
influent/time based, volume based, an intermittent
cycle system (a SBR that utilizes jet aeration), and
various other system modifications based on
different manufacturer designs.  The type of SBR
system used depends on site and wastewater
characteristics as well as the needs of the area or
community installing the unit.  Package SBRs are
typically manufactured to treat wastewater flow
rates between 0.01 and 0.2 MGD; although flow
rates can vary based on the system and
manufacturer.

As seen in Figure 2, the influent flow first goes
through a screening process before entering the
SBR.  The waste is then treated in a series of batch

phases within the SBR to achieve the desired
effluent concentration.  The sludge that is wasted
from the SBR moves on to digestion and eventually
to solids handling, disposal, or beneficial reuse.
The treated effluent then moves to disinfection.  An
equalization tank is typically needed before the
disinfection unit in batch SBRs in order to store
large volumes of water.  If the flow is not equalized,
a sizable filter may be necessary to accommodate
the large flow of water entering the disinfection
system.  In addition, SBR systems typically have no
primary or secondary clarifiers as settling takes
place in the SBR.

There are normally five phases in the SBR
treatment cycle: fill, react, settle, decant, and idle.
The length of time that each phase occurs is
controlled by a programmable logic controller
(PLC), which allows the system to be controlled
from remote locations (Sloan, 1999).  In the fill
phase, raw wastewater enters the basin, where it is
mixed with settled biomass from the previous cycle.
Some aeration may occur during this phase.  Then,
in the react phase, the basin is aerated, allowing
oxidation and nitrification to occur.  During the
settling phase, aeration and mixing are suspended
and the solids are allowed to settle.  The treated
wastewater is then discharged from the basin in the
decant phase.  In the final phase, the basin is idle as
it waits for the start of the next cycle.  During this
time, part of the solids are removed from the basin
and disposed of as waste sludge (Kappe, 1999).
Figure 3 shows this sequence of operation in an
SBR.

Influent

Screening/
Grinding

SBR Disinfection

Effluent

Digestion

To Solids Handling,
Disposal, or

Beneficial Reuse

Source: Parsons Engineering Science, 2000.

FIGURE 2  PROCESS FLOW DIAGRAM
FOR A TYPICAL SBR



Sludge wasting is an important step in the SBR
process and largely affects system performance.  It
is not considered a basic phase since the sludge is
not wasted at a specific time period during the
cycle.  The quantity and rate of wasting is
determined by performance requirements.  An SBR
system does not require an RAS system, as both
aeration and settling occur in the same tank.  This
prevents any sludge from being lost during the react
step and eliminates the need to return sludge from
the clarifier to the aeration chamber (Metcalf and
Eddy, 1991).

Oxidation ditches

An oxidation ditch, a modified form of the
activated sludge process, is an aerated, long term,
complete mix process.  Many systems are designed
to operate as extended aeration systems.  Typical
oxidation ditch treatment systems consist of a single
or multi-channel configuration within a ring, oval,
or horseshoe-shaped basin.  Horizontally or
vertically mounted aerators provide aeration,
circulation, and oxygen transfer in the ditch.

Package oxidation ditches are typically
manufactured in sizes that treat wastewater flow
rates between 0.01 and 0.5 MGD.  As seen in
Figure 4, raw wastewater is first screened before
entering the oxidation ditch.  Depending on the
system size and manufacturer type, a grit chamber
may be required.  Once inside the ditch, the

wastewater is aerated with mechanical surface or
submersible aerators (depending on manufacturer
design) that propel the mixed liquor around the
channel at velocities high enough to prevent solids
deposition.  The aerator ensures that there is
sufficient oxygen in the fluid for the microbes and
adequate mixing to ensure constant contact between
the organisms and the food supply (Lakeside,
1999).

Oxidation ditches tend to operate in an extended
aeration mode consisting of long hydraulic and
solids retention times which allow more organic
matter to break down.  Treated sewage moves to the
settling tank or final clarifier, where the biosolids
and water separate.  Wastewater then moves to
other treatment processes while sludge is removed.
Part of it is returned to the ditch as RAS, while the
rest is removed from the process as the waste
activated sludge (WAS).  WAS is wasted either
continuously or daily and must be stabilized prior to
disposal or beneficial reuse.

APPLICABILITY

In general, package treatment plants are applicable
for areas with a limited number of people and small
wastewater flows.  They are most often used in
remote locations such as trailer parks, highway rest
areas, and rural areas.

Extended aeration plants

Extended aeration package plants are typically used
in small municipalities, suburban subdivisions,
apartment complexes, highway rest areas, trailer

Air On

Air On

Mixed Fill

React Fill

Influent

Influent

ReactSettle

Mixer
Decanter

Effluent
Discharge

Wasted Sludge

Decant

Source: CASS Water Engineering, Inc., 2000.

FIGURE 3 SBR SEQUENCE OF
OPERATION
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FIGURE 4  PROCESS FLOW DIAGRAM
FOR A TYPICAL OXIDATION DITCH



parks, small institutions, and other sites where flow
rates are below 0.1 MGD.  These systems are also
useful for areas requiring nitrification.

Sequencing batch reactors

Package plant SBRs are suitable for areas with little
land, stringent treatment requirements, and small
wastewater flows.  More specifically, SBRs are
appropriate for RV parks or mobile homes,
campgrounds, construction sites, rural schools,
hotels, and other small applications.  These systems
are also useful for treating pharmaceutical, brewery,
dairy, pulp and paper, and chemical wastes.  While
constant cycles with time-fixed process phases are
sufficient in most cases, phases should be
individually adapted and optimized for each plant.
SBRs are also suited for sites that need minimal
operator attendance and that have a wide range of
inflow and/or organic loadings.  

Industries with high BOD loadings, such as
chemical or food processing plants, will find SBRs
useful for treating wastewater.  These systems are
also suitable for facilities requiring nitrification,
denitrification, and phosphorous removal.  Most
significantly, SBRs are applicable for areas where
effluent requirements can change frequently and
become stricter, as these systems have tremendous
flexibility to change treatment options.  However,
part of the economic advantage of the SBR process
is lost when advanced treatment processes must be
added downstream since intermediate equalization
is normally required.

Oxidation ditches

Oxidation ditches are suitable for facilities that
require nutrient removal, have limitations due to the
nature of the site, or want a biological system that
saves energy with limited use of chemicals unless
required for further treatment.  Oxidation ditch
technology can be used to treat any type of
wastewater that is responsive to aerobic
degradation.  In addition, systems can be designed
for denitrification and phosphorous removal.

Types of industries utilizing oxidation ditches
include: food processing, meat and poultry packing,
breweries,  pharmaceutical,  milk processing,

petrochemical, and numerous other types.
Oxidation ditches are particularly useful for
schools, small industries, housing developments,
and small communities.  Ultimately, this technology
is most applicable for places that have a large
amount of land available.

ADVANTAGES AND DISADVANTAGES

Some advantages and disadvantages of package
plants are listed below.

Extended aeration plants

Advantages

C Plants are easy to operate, as many are manned
for a maximum of two or three hours per day.

C Extended aeration processes are often better at
handling organic loading and flow fluctuations,
as there is a greater detention time for the
nutrients to be assimilated by microbes.

C Systems are easy to install, as they are shipped in
one or two pieces and then mounted on an onsite
concrete pad, above or below grade.

C Systems are odor free, can be installed in most
locations, have a relatively small footprint, and
can be landscaped to match the surrounding
area.

C Extended aeration systems have a relatively low
sludge yield due to long sludge ages, can be
designed to provide nitrification, and do not
require a primary clarifier.

Disadvantages

C Extended aeration plants do not achieve
denitrification or phosphorus removal without
additional unit processes.

C Flexibility is limited to adapt to changing
effluent requirements resulting from regulatory
changes.

C A longer aeration period requires more energy.



C Systems require a larger amount of space and
tankage than other "higher rate" processes,
which have shorter aeration detention times.

Sequencing batch reactors

Advantages

C SBRs can consistently perform nitrification as
well as denitrification and phosphorous removal.

C SBRs have large operational flexibility.

C The ability to control substrate tension within
the system allows for optimization of treatment
efficiency and control over nitrogen removal,
filamentous organisms, and the overall stability
of the process.

C Since all the unit processes are operated in a
single tank, there is no need to optimize aeration
and decanting to comply with power
requirements and lower decant discharge rates.

C Sludge bulking is not a problem.

C Significant reductions in nitrate nitrogen can
occur by incorporating an anoxic cycle in the
system.

C SBRs have little operation and maintenance
problems.

C Systems require less space than extended
aeration plants of equal capacity.

C SBRs can be manned part time from remote
locations, and operational changes can be made
easily.

C The system allows for automatic and positive
control of mixed liquor suspended solids
(MLSS) concentration and solids retention time
(SRT) through the use of sludge wasting.

Disadvantages

C It is hard to adjust the cycle times for small
communities.

C Post equalization may be required where more
treatment is needed.

C Sludge must be disposed frequently.

C Specific energy consumption is high.

Oxidation ditches

Advantages

C Systems are well-suited for treating typical
domestic waste, have moderate energy
requirements, and work effectively under most
types of weather.

C Oxidation ditches provide an inexpensive
wastewater treatment option with both low
operation and maintenance costs and operational
needs.

C Systems can be used with or without clarifiers,
which affects flexibility and cost.

C Systems consistently provide high quality
effluent in terms of TSS, BOD, and ammonia
levels.

C Oxidation ditches have a relatively low sludge
yield, require a moderate amount of operator
skill, and are capable of handling shock and
hydraulic loadings.

Disadvantages

C Oxidation ditches can be noisy due to
mixer/aeration equipment, and tend to produce
odors when not operated correctly.

C Biological treatment is unable to treat highly
toxic waste streams.

C Systems have a relatively large footprint.

C Systems have less flexibility should regulations
for effluent requirements change.



DESIGN CRITERIA

Table 1 lists typical design parameters for  extended
aeration plants, SBRS, and oxidation ditches.

Extended aeration plants

Package extended aeration plants are typically
constructed from steel or concrete.  If the system is
small enough, the entire system will arrive as one
unit that is ready to be installed.  If the system is
larger, the clarifier, aeration chamber, and chlorine
tank are delivered as separate units, which are then
assembled on-site (WEF, 1985).

Key internal components of extended aeration
treatment plants consist of the following: transfer
pumps to move wastewater between the
equalization and aeration zones; a bar screen and/or
grinder to decrease the size of large solids; an

aeration system consisting of blowers and diffusers
for the equalization, aeration, and sludge holding
zones; an airlift pump for returning sludge; a
skimmer and effluent weir for the clarifier; and UV,
liquid hypochlorite, or tablet modules used in the
disinfection zone.  Blowers and the control panel
containing switches, lights, and motor starters are
typically attached to either the top or one side of the
package plant (Sloan, 1999).

Biological organisms within the system need
sufficient contact time with the organic material in
order to produce effluent of an acceptable quality.
Typical contact time for extended aeration package
plants is approximately 18-24 hours.  The contact
time, daily flow rate, influent parameters, and
effluent parameters  determine the size of the
aeration tank where air is used to mix wastewater
and to supply oxygen to promote biological growth.
A package extended aeration system is sized based
on the average volume of wastewater produced
within a twenty-four hour period.  Although
provisions are made for some peaking factor, a flow
equalization system may be necessary to prevent
overloading of the system from inconsistent flow
rates in the morning and evening.  Equalization
allows the wastewater to be delivered to the
treatment plant at more manageable flow rates
(WEF, 1985).

Systems should be installed at sites where
wastewater collection is possible by gravity flow.
In addition, the site should be stable, well drained,
and not prone to flooding.  The facility should be
installed at least 30 meters (100 feet) from all
residential areas and be in accordance with all
health department regulations or zoning restrictions
(WEF, 1985).

In order to ensure ease of operation and
maintenance, extended aeration systems should be
installed so that the tank walls extend nearly 0.15
meters (6 inches) above ground.  This will supply
insulation in the winter, prevent surface runoff from
infiltrating the system, and allow the system to be
serviced readily.  If a plant is installed below
ground, it must have distinct diversion ditching or
extension walls in order to prevent surface water
infiltration into the plant.  When the plant is
installed completely above ground, it may be

TABLE 1  TYPICAL DESIGN
PARAMETERS FOR PACKAGE PLANTS

Extended
Aeration

SBR Oxidation
Ditch

BOD5 loading
(F:M)
(lb BOD5/ lb
MLVSS)

0.05 - 0.15 0.05 -
0.30

0.05 - 0 30

Oxygen
Required
Avg. at 20EEC
(lb/lb BOD5

applied)

2 - 3 2 - 3 2 - 3

Oxygen
Required
Peak at 20EEC
(value x avg.
flow)

1.5 - 2.0 1.25 -
2.0

1.5 - 2.0

MLSS (mg/L) 3000 -6000 1500
-5000

3000 -6000

Detention Time
(hours)

18 - 36 16 -
36

18 - 36

Volumetric
Loading 
(lb BOD5/d/ 103

cu ft)

10 - 25 5 - 15 5 - 30

Source: Adapted from Metcalf and Eddy, 1991 and
WEF, 1998.



necessary to provide insulation for cold weather and
walkways for easy maintenance (WEF, 1985).

Sequencing batch reactors

Important internal components include an aeration
system, which typically consists of diffusers and a
blower; a floating mixer; an effluent decanter; a
pump for withdrawing sludge; and a sequence of
liquid level floats.  The PLC and the control panel
are usually positioned within a nearby control
building (Sloan, 1999).

When the wastewater flow rate at the site is less
than 0.05 MGD, a single, prefabricated steel tank
can be used.  This tank is divided into one SBR
basin, one aerobic sludge digester, and one influent
pump well.  Concrete tanks may also be used, but in
North America are not as cost effective as steel for
small systems.  If the plant must be able to treat 0.1
to 1.5 MGD, multiple concrete SBR basins are
commonly used (CASS, 1999).

The design of SBR systems can be based on
carbonaceous BOD removal only or both
carbonaceous and nitrogenous BOD removal.  The
system can be expanded to achieve optimum
nitrification and carbonaceous removal by operating
primarily in an oxic state with few anoxic periods
such as during settle and decant.

Denitrification and biological phosphorous removal
can be promoted by providing adequate anoxic
periods after intense aerobic cycles.  This allows
DO to be dissipated and nitrate to be used by the
consuming organism and released as elemental
nitrogen.  By introducing an anaerobic process after
the anoxic process, bacteria conducive to excess
phosphorous uptake will develop.  Phosphorous
will be released in the anaerobic phase, but
additional phosphorous is incorporated into the cell
mass during subsequent aerobic cycles.  Since the
excess phosphorous is incorporated in the cell mass,
cell wastage must be practiced to achieve a net
phosphorous removal.  Anaerobic conditions should
be avoided in treating the waste sludge since they
may result in the release of the phosphorous.

A low food to microorganism (F:M) ratio SBR
system designed for an average municipal flow

pattern will usually have an operating cycle
duration of four hours, or six cycles per day.  For a
two reactor system, there will be twelve cycles per
day and for a four reactor system, twenty-four
cycles per day.  The distribution and  number of
cycles per day can be adjusted based on specific
treatment requirements or to accommodate alternate
inflow patterns.

Cycle sequences are time controlled with sufficient
volume provided to handle design flow rates.  If
incoming flow is significantly less than the design
flow, only a portion of the reactor capacity is
utilized and aeration time periods can be reduced to
save energy and prevent over aeration.  If flow rates
are greater than usual resulting from storm runoff,
the control system detects the high rise in the
reactor and modifies the cycle to integrate peak
flow rates.  This will shorten the aeration, settle,
and decant sequences, minimize the anoxic
sequence (if supplied), and provide more cycles per
day.  As a result, hydraulic surges are incorporated
and the diluted wastewater is processed in less time.
In order to make the above optimizations, the logic
control must be provided by the PLC (Kappe,
1999).

Small SBRs can experience a variety of problems
associated with operation, maintenance, and
loadings.  Therefore, more conservative design
criteria are typically used due to the wide range of
organic and hydraulic loads generated from small
communities.  This type of design utilizes a lower
F:M ratio and longer hydraulic retention time
(HRT) and SRT (CASS, 1999).

Oxidation ditches

Key components of a typical oxidation ditch
include a screening device, an influent distributor
(with some systems), a basin or channel, aeration
devices (mechanical aerators, jet mixers, or
diffusers, depending on the manufacturer),  a
settling tank or final clarifier (with some systems),
and an RAS system (with some systems).
Typically, the basin and the clarifier are
individually sized to meet the specific requirements
of each facility.  These components are often built
to share a common wall in order to reduce costs and
save space (Lakeside, 1999).



Concrete tanks are typically used when installing
package plant oxidation ditches.  This results in
lower maintenance costs as concrete tanks do not
require periodic repainting or sand blasting.
Fabricated steel or a combination of steel and
concrete can also be used for construction,
depending on site conditions (Lakeside, 1999).

The volume of the oxidation ditch is determined
based on influent wastewater characteristics,
effluent discharge requirements, HRT, SRT,
temperature, mixed liquor suspended solids
(MLSS), and pH.  It may be necessary to include
other site specific parameters to design the
oxidation ditch as well.

Some oxidation ditches do not initially require
clarifiers, but can later be upgraded and expanded
by adding clarifiers, changing the type of process
used, or adding additional ditches (Kruger, 1999).

PERFORMANCE

The performance of package plants in general can
be affected by various operational and design issues
(Metcalf and Eddy, 1991).

C Large and sudden temperature changes

C Removal efficiency of grease and scum from the
primary clarifier (except with oxidation ditches
that do not use primary clarifiers) 

C Incredibly small flows that make designing self-
cleansing conduits and channels difficult

C Fluctuations in flow, BOD5 loading, and other
influent parameters

C Hydraulic shock loads, or the large fluctuations
in flow from small communities

C Sufficient control of the air supply rate

Extended aeration plants

Extended aeration plants typically perform
extremely well and achieve effluent quality as seen
in Table 2.  If chemical precipitation is used, total
phosphorous (TP) can be < 2 mg/L.  In some cases,

extended aeration systems result in effluent with
< 15 mg/L BOD and < 10 mg/L TSS.

Aldie Wastewater Treatment Plant

The Aldie Wastewater Treatment Plant, located in
Aldie, Virginia, is an extended aeration facility
which treats an average of 0.0031 MGD with a
design flow of 0.015 MGD.  This technology was
chosen because it would allow the area to meet
permit requirements while minimizing land use.
The plant consists of an influent chamber which
directs the flow to two parallel aeration basins,
parallel clarifiers, and a UV disinfection system.

Sequencing batch reactors

The treatment performance of package plant SBRs
is largely influenced by the plant operator.  While
the process requires little assistance, training
programs are available to teach operators how to
become skilled with small plant operations.  SBRs
perform well, often matching the removal efficiency
of extended aeration processes.  Systems can
typically achieve the effluent limitations listed in
Table 3.

In addition, SBR systems have demonstrated a
greater removal efficiency of carbonaceous BOD
than other systems due to optimization of microbial
activity via anoxic stress and better utilization of
applied oxygen in the cyclic system.  The system
can consistently provide carbonaceous BOD
effluent levels of 10 mg/L.

TABLE 2  EXTENDED AERATION
PERFORMANCE

Typical
Effluent
Quality

Aldie WWTP
(monthly
average)

BOD (mg/L) < 30 or <10 5

TSS (mg/L) < 30 or <10 17

TP (mg/L) < 2* **

NH3-N (mg/L) < 2 **

* May require chemicals to achieve.
** DEQ does not require monitoring of these parameters.

Source: Sloan, 1999 and Broderick, 1999.



TABLE 3  SBR PERFORMANCE

Typical
Effluent Harrah WWTP

%
Removal Effluent

BOD (mg/L) 10 98 3

TSS (mg/L) 10 98 3

NH3 (mg/L) < 1 97 0.6

Source: Sloan, 1999 and Reynolds, 1999.

Harrah Wastewater Treatment Plant

The Harrah wastewater treatment plant in
Oklahoma treats an average wastewater flow of
0.223 MGD.  The SBR has achieved tertiary
effluent quality without filtration from the time it
was first installed.  Pretreatment involves an aerated
grit chamber and comminutor.  Waste activated
sludge is taken to a settling pond where the settled
sludge is dredged annually.  A nitrogen removal
study performed for nine months confirmed that
nitrification and denitrification occur consistently
without special operator care.

Oxidation Ditches

Although the manufacturer's design may vary, most
oxidation ditches typically achieve the effluent
limitations listed in Table 4.  With modifications,
some oxidation ditches can achieve TN removal to
# 5 mg/L and TP removal with biological means.

City of Ocoee Wastewater Treatment Plant

Currently, the wastewater treatment plant in Ocoee,
Florida accepts an average flow of 1.1 to 1.2 MGD.
The city chose to use an oxidation ditch because it
was an easy technology for the plant staff to
understand and implement. The facility is also
designed for denitrification without the use of
chemical additives.  Nitrate levels consistently test
at 0.8 to 1.0 mg/L with limits of 12 mg/L (Holland,
1999).  Table 4 indicates how well the Ocoee
oxidation ditch performs. 

OPERATION AND MAINTENANCE

Operation requirements will vary depending on
state requirements for manning package  treatment
systems.  Manning requirements for these systems
may typically be less then eight hours a day.  Each
type of system has additional operational
procedures that should be followed to keep the
system running properly.  Owners of these systems
must be sure to follow all manufacturer’s
recommendations for routine and preventative
maintenance requirements.  Each owner should
check with the manufacturer to determine essential
operation and maintenance (O&M) requirements.

Depending on state requirements, most systems
must submit regular reports to local agencies.  In
addition, system operators must make safety a
primary concern.  Wastewater treatment manuals
and federal and state regulations should be checked
to ensure safe operation of these systems.

Extended aeration plants

Operational procedures for these systems consist of
performing fecal coliform tests on the effluent to
ensure adequate disinfection and making periodic

TABLE 4  OXIDATION DITCH
PERFORMANCE

Typical
Effluent
Quality

Ocoee WWTP

With 2°
Clarifier

With
Filter

%
Removal

Effluent

CBOD
(mg/L)

#10 5 > 97 4.8

TSS
(mg/L)

#10 5 > 97 0.32

TP
(mg/L)

2 1 NA NA

N-NO3

(mg/L)
NA NA > 95 0.25

Note:  2° = secondary.  NA = not available.

Source: Kruger, 1999 and Holland, 1999.



inspections on dissolved oxygen levels (DO) and
MLSS concentrations in the aeration compartment.
Sludge-volume index (SVI) tests in the clarifier
must also be performed to determine how well the
sludge is settling.  Other sampling and analyses will
be required on the effluent in accordance with state
regulations.

Typical maintenance steps for extended aeration
systems include checking motors, gears, blowers,
and pumps to ensure proper lubrication and
operation.  Routine inspection of equipment is also
recommended to ensure proper operation.  Check
with the manufacturer for specific O&M
requirements.

Sequencing batch reactors

To ensure proper functioning of the system, O&M
must be provided for several pieces of equipment.
Operational procedures include sampling and
monitoring of DO, pH, and MLSS levels.
Additional sampling and analyses on the effluent
will be required based on state regulations.

Maintenance requirements include regular servicing
of aeration blowers, which is usually performed
when greasing is done, and monthly inspection of
belts on the blowers to determine if they need to be
adjusted or replaced.  Submersible pumps require
routine inspections and servicing as required by the
manufacturer. The decanter will require monthly
greasing.  Additional O&M may be required
depending on system requirements. Check with the
manufacturer for specific maintenance
requirements.

Oxidation ditches

Depending on the manufacturer's design, typical
operational procedures for oxidation ditches include
monitoring of DO, pH, MLSS, and various other
types of sampling and analyses.

Maintenance steps include periodically inspecting
the aerator, regularly greasing rotors, and following
manufacturer recommendations for maintenance of
the pumps.  Operators should follow all
manufacturer recommendations for operation and
maintenance of the equipment.

COSTS

Costs are site specific and generally depend on flow
rate, influent wastewater characteristics, effluent
discharge requirements, additional required
equipment, solids handling equipment, and other
site specific conditions.  Manufacturers should be
contacted for specific cost information.

Extended aeration plants

As provided by Aeration Products, Inc., smaller
extended aeration package plants designed to treat
less than 0.02 MGD cost approximately $4 to $6
per gallon of water treated, based on capital costs.
For larger plants, capital costs will be
approximately between $2 to $2.50 per gallon of
wastewater treated. Maintenance processes for these
plants are labor-intensive and require semi-skilled
personnel, and are usually completed through
routine contract services.  Maintenance cost
averages $350 per year.

Table 5 provides the cost estimates for various
extended aeration packages.  These costs include
the entire package plant, as well as a filtration unit.

Sequencing batch reactors

The capital cost per capita for small SBR plants is
greater than for large SBR plants.  Approximate
equipment costs disregarding concrete or steel tanks
costs are provided in Table 6.  Operation energy
costs are likely to be higher for small SBR plants
than for larger plants as a result of numerous
loadings.

TABLE 5  COST ESTIMATES FOR
EXTENDED AERATION

Flow (MGD) Estimated  Budget
Cost per Gallon ($)

0.015 9-11

0.04 7

1.0 1.3

Note: Larger flow rates are available from the
manufacturer.  Estimated cost per gallon was determined
based on the mid-flow range.

Source: Parsons Engineering Science, 1999.



System costs will vary, depending on the specific
job.  Factors influencing cost include average and
peak flow, tank type, type of aeration system used,
effluent requirements, and site constraints.
Operation and maintenance costs are site specific
and may range from $800 to $2,000 dollars per
million gallons treated.  Labor and maintenance
requirements may be reduced in SBRs because
clarifiers and RAS pumps may not be necessary.
On the other hand, maintenance requirements for
the more sophisticated valves and switches
associated with SBRs may be more costly than for
other systems.

Oxidation ditches

Table 7 lists budget cost estimates for various sizes
of oxidation ditches.  Operation and maintenance
costs for oxidation ditches are significantly lower
than other secondary treatment processes.  In
comparison to other treatment technologies, energy
requirements are low, operator attention is minimal,
and chemical addition is not required.
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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 
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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 Survey Areas

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 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

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: New Castle County, Delaware
Survey Area Data: Version 16, Aug 26, 2021

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

Date(s) aerial images were photographed: Aug 16, 2015—Oct 
19, 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

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

DocB Downer sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

3.9 2.6%

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

21.7 14.5%

FgcA Fallsington loams, 0 to 2 
percent slopes, Mid-Altlantic 
Coastal Plain

4.3 2.9%

GuB Greenwich-Urban land 
complex, 0 to 5 percent 
slopes

21.6 14.5%

HnA Hammonton sandy loam, 0 to 2 
percent slopes

14.6 9.8%

HoA Hammonton-Fallsington-Mullica 
complex, 0 to 2 percent 
slopes

8.7 5.8%

LhA Lenni silt loam, 0 to 2 percent 
slopes

12.3 8.2%

ReA Reybold silt loam, 0 to 2 
percent slopes

10.6 7.1%

ReB Reybold silt loam, 2 to 5 
percent slopes

28.5 19.1%

SacB Sassafras sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

7.9 5.3%

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

11.6 7.8%

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

3.4 2.3%

Totals for Area of Interest 149.1 100.0%

Map Unit Descriptions
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 
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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.

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 
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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.

Custom Soil Resource Report
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New Castle County, Delaware

DocB—Downer sandy loam, 2 to 5 percent slopes, Mid-Atlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2thwg
Elevation: 0 to 90 feet
Mean annual precipitation: 42 to 46 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
Downer and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Downer

Setting
Landform: Knolls, flats
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Nose slope, rise
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: sandy loam
BE - 10 to 16 inches: loamy sand
Bt - 16 to 28 inches: sandy loam
C1 - 28 to 48 inches: loamy sand
C2 - 48 to 80 inches: sand

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

(0.60 to 6.00 in/hr)
Depth to water table: More than 80 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 6.4 inches)

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

Galestown
Percent of map unit: 10 percent
Landform: Flats, low hills
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Nose slope, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear, convex
Hydric soil rating: No

Hammonton
Percent of map unit: 5 percent
Landform: Broad interstream divides, flats
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Ingleside
Percent of map unit: 5 percent
Landform: Flats, broad interstream divides
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
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
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
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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
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)
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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: Depressions, flats, drainageways
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
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: Flats, depressions, swales, drainageways
Landform position (two-dimensional): Toeslope, footslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes

FgcA—Fallsington loams, 0 to 2 percent slopes, Mid-Altlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2s96t
Elevation: 10 to 70 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: 38 percent
Fallsington, drained, and similar soils: 37 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Fallsington, Undrained

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

Typical profile
Oe - 0 to 2 inches: mucky peat
A - 2 to 10 inches: 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: loam
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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

Hammonton
Percent of map unit: 7 percent
Landform: Flats, drainageways
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear
Hydric soil rating: No

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

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

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

GuB—Greenwich-Urban land complex, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2p7f8
Elevation: 0 to 390 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
Greenwich and similar soils: 60 percent
Urban land: 20 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Greenwich

Setting
Landform: Flats, terraces, knolls
Landform position (three-dimensional): Dip, rise, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear, convex
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: loam
Bt1 - 10 to 16 inches: loam
Bt2 - 16 to 22 inches: loam
2Bt - 22 to 29 inches: sandy loam
2CB - 29 to 46 inches: loamy sand
2C - 46 to 80 inches: coarse sand

Properties and qualities
Slope: 0 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 

(0.50 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: Low (about 5.9 inches)

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

Description of Urban Land

Setting
Landform: Flats
Down-slope shape: Linear
Across-slope shape: Linear

Minor Components

Udorthents
Percent of map unit: 10 percent
Landform: Flats

Unicorn
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Pineyneck
Percent of map unit: 5 percent
Landform: Depressions, swales
Hydric soil rating: No

HnA—Hammonton sandy loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7f4
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
Hammonton and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hammonton

Setting
Landform: Flats, drainageways, depressions
Landform position (three-dimensional): Talf
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments
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Typical profile
Ap - 0 to 11 inches: sandy loam
Bt - 11 to 30 inches: sandy loam
Cg - 30 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 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): High (1.98 to 5.95 

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: Low (about 5.4 inches)

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

Minor Components

Hurlock, drained
Percent of map unit: 5 percent
Landform: Depressions, swales, flats
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: Yes

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

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

Rosedale
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
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HoA—Hammonton-Fallsington-Mullica complex, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7dn
Elevation: 10 to 230 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
Hammonton and similar soils: 40 percent
Fallsington, undrained, and similar soils: 25 percent
Mullica, undrained, and similar soils: 10 percent
Fallsington, drained, and similar soils: 10 percent
Mullica, drained, and similar soils: 10 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hammonton

Setting
Landform: Flats, depressions, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Ap - 0 to 11 inches: sandy loam
Bt - 11 to 30 inches: sandy loam
Cg - 30 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 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): High (1.98 to 5.95 

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: Low (about 5.4 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: B
Hydric soil rating: No
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Description of Fallsington, Undrained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
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
Runoff class: Negligible
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 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Occasional
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Description of Mullica, Undrained

Setting
Landform: Flats, depressions, drainageways, swales
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Sandy and loamy fluviomarine sediments

Typical profile
Oe - 0 to 3 inches: moderately decomposed plant material
A - 3 to 10 inches: mucky sandy loam
Eg - 10 to 14 inches: sandy loam
Bg - 14 to 24 inches: sandy loam
Cg - 24 to 65 inches: sand
2Ab - 65 to 80 inches: silt loam

Properties and qualities
Slope: 0 to 2 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 high to high 

(0.20 to 5.95 in/hr)
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Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Available water supply, 0 to 60 inches: Moderate (about 6.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Hydric soil rating: Yes

Description of Fallsington, Drained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Ap - 0 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
Runoff class: Very 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: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: Moderate (about 8.2 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Description of Mullica, Drained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave

Typical profile
Ap - 0 to 10 inches: mucky sandy loam
A - 10 to 14 inches: mucky sandy loam
Bg - 14 to 24 inches: sandy loam
Cg - 24 to 65 inches: sand
2Ab - 65 to 80 inches: silt loam
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Properties and qualities
Slope: 0 to 2 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 high to high 

(0.20 to 5.95 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: Low (about 4.9 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: A/D
Hydric soil rating: Yes

Minor Components

Ingleside
Percent of map unit: 3 percent
Landform: Flats
Hydric soil rating: No

Corsica
Percent of map unit: 2 percent
Landform: Depressions
Hydric soil rating: Yes

LhA—Lenni silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7g2
Elevation: 20 to 70 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
Lenni, drained, and similar soils: 50 percent
Lenni, undrained, and similar soils: 30 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Lenni, Drained

Setting
Landform: Depressions, swales, flats
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Parent material: Clayey fluviomarine sediments

Typical profile
Ap - 0 to 7 inches: silt loam
Eg - 7 to 14 inches: loam
Btg - 14 to 51 inches: clay
2Cg - 51 to 80 inches: 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: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.04 to 0.57 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: Moderate (about 7.6 inches)

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

Description of Lenni, Undrained

Setting
Landform: Depressions, swales, flats
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Parent material: Clayey fluviomarine sediments

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
A - 2 to 7 inches: silt loam
Eg - 7 to 14 inches: loam
Btg - 14 to 51 inches: clay
2Cg - 51 to 80 inches: 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: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.04 to 0.57 in/hr)
Depth to water table: About 0 to 10 inches
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Frequency of flooding: None
Frequency of ponding: Occasional
Available water supply, 0 to 60 inches: Moderate (about 8.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Hydric soil rating: Yes

Minor Components

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

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

Keyport
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

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

ReA—Reybold silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7g6
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

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

Setting
Landform: Interfluves, flats
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse 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 high to high 

(0.20 to 2.00 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 7.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Hydric soil rating: No

Minor Components

Sassafras
Percent of map unit: 10 percent
Landform: Flats, knolls
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Unicorn
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

Queponco
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No
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ReB—Reybold silt loam, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2p7g7
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

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

Description of Reybold

Setting
Landform: Flats, interfluves
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse sandy 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 2.00 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 7.7 inches)

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

Sassafras
Percent of map unit: 10 percent
Landform: Flats, knolls
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Queponco
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

Unicorn
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

SacB—Sassafras sandy loam, 2 to 5 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2thxf
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 46 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
Sassafras and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Sassafras

Setting
Landform: Flats, fluviomarine terraces
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 12 inches: sandy loam
Bt1 - 12 to 18 inches: sandy loam
Bt2 - 18 to 28 inches: sandy clay loam

Custom Soil Resource Report

31



BC - 28 to 40 inches: loamy sand
C1 - 40 to 58 inches: sand
C2 - 58 to 80 inches: sand

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

(0.20 to 2.00 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 7.1 inches)

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

Minor Components

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

Woodstown
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, broad interstream divides, depressions, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Downer
Percent of map unit: 5 percent
Landform: Knolls, low hills, flats
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear
Hydric soil rating: No
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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
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
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Minor Components

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

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

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: Flats, depressions, swales, broad interstream divides
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

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
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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
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

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

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

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
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Soil Information for All Uses

Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of 
each unit. No aggregation of data has occurred as is done in reports in the Soil 
Properties and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included.

Land Classifications

This folder contains a collection of tabular reports that present a variety of soil 
groupings. The reports (tables) include all selected map units and components for 
each map unit. Land classifications are specified land use and management 
groupings that are assigned to soil areas because combinations of soil have similar 
behavior for specified practices. Most are based on soil properties and other factors 
that directly influence the specific use of the soil. Example classifications include 
ecological site classification, farmland classification, irrigated and nonirrigated land 
capability classification, and hydric rating.

Hydric Soil List - All Components (CANNERY LANE)

This table lists the map unit components and their hydric status in the survey area. 
This list can help in planning land uses; however, onsite investigation is 
recommended to determine the hydric soils on a specific site (National Research 
Council, 1995; Hurt and others, 2002).

The three essential characteristics of wetlands are hydrophytic vegetation, hydric 
soils, and wetland hydrology (Cowardin and others, 1979; U.S. Army Corps of 
Engineers, 1987; National Research Council, 1995; Tiner, 1985). Criteria for all of 
the characteristics must be met for areas to be identified as wetlands. Undrained 
hydric soils that have natural vegetation should support a dominant population of 
ecological wetland plant species. Hydric soils that have been converted to other 
uses should be capable of being restored to wetlands.

Hydric soils are defined by the National Technical Committee for Hydric Soils 
(NTCHS) as soils that formed under conditions of saturation, flooding, or ponding 
long enough during the growing season to develop anaerobic conditions in the 
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upper part (Federal Register, 1994). These soils, under natural conditions, are 
either saturated or inundated long enough during the growing season to support the 
growth and reproduction of hydrophytic vegetation.

The NTCHS definition identifies general soil properties that are associated with 
wetness. In order to determine whether a specific soil is a hydric soil or nonhydric 
soil, however, more specific information, such as information about the depth and 
duration of the water table, is needed. Thus, criteria that identify those estimated 
soil properties unique to hydric soils have been established (Federal Register, 
2002). These criteria are used to identify map unit components that normally are 
associated with wetlands. The criteria used are selected estimated soil properties 
that are described in "Soil Taxonomy" (Soil Survey Staff, 1999) and "Keys to Soil 
Taxonomy" (Soil Survey Staff, 2006) and in the "Soil Survey Manual" (Soil Survey 
Division Staff, 1993).

If soils are wet enough for a long enough period of time to be considered hydric, 
they should exhibit certain properties that can be easily observed in the field. These 
visible properties are indicators of hydric soils. The indicators used to make onsite 
determinations of hydric soils are specified in "Field Indicators of Hydric Soils in the 
United States" (Hurt and Vasilas, 2006).

Hydric soils are identified by examining and describing the soil to a depth of about 
20 inches. This depth may be greater if determination of an appropriate indicator so 
requires. It is always recommended that soils be excavated and described to the 
depth necessary for an understanding of the redoximorphic processes. Then, using 
the completed soil descriptions, soil scientists can compare the soil features 
required by each indicator and specify which indicators have been matched with the 
conditions observed in the soil. The soil can be identified as a hydric soil if at least 
one of the approved indicators is present.

Map units that are dominantly made up of hydric soils may have small areas, or 
inclusions, of nonhydric soils in the higher positions on the landform, and map units 
dominantly made up of nonhydric soils may have inclusions of hydric soils in the 
lower positions on the landform.

The criteria for hydric soils are represented by codes in the table (for example, 2). 
Definitions for the codes are as follows:

1. All Histels except for Folistels, and Histosols except for Folists.
2. Soils in Aquic suborders, great groups, or subgroups, Albolls suborder, 

Historthels great group, Histoturbels great group, Pachic subgroups, or Cumulic 
subgroups that:
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
B. Show evidence that the soil meets the definition of a hydric soil;

3. Soils that are frequently ponded for long or very long duration during the 
growing season.
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
B. Show evidence that the soil meets the definition of a hydric soil;

4. Map unit components that are frequently flooded for long duration or very long 
duration during the growing season that:
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
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B. Show evidence that the soil meets the definition of a hydric soil;

Hydric Condition: Food Security Act information regarding the ability to grow a 
commodity crop without removing woody vegetation or manipulating hydrology.
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Report—Hydric Soil List - All Components (CANNERY LANE)

Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

DocB: Downer sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

Downer 70-100 Knolls,flats No —

Galestown 0-10 Flats,low hills No —

Hammonton 0-10 Broad interstream 
divides,flats

No —

Ingleside 0-10 Flats,broad 
interstream divides

No —

DocC: Downer sandy loam, 5 to 10 
percent slopes, Mid-Atlantic 
Coastal Plain

Downer 70-100 Fluviomarine 
terraces,flats,low 
hills,knolls

No —

Galestown 0-10 Fluviomarine 
terraces,flats

No —

Hammonton 0-10 Broad interstream 
divides,flats

No —

Ingleside 0-10 Fluviomarine 
terraces,flats

No —

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

Fallsington-Undrained 10-80 Swales,drainageways,
flats,depressions

Yes 2

Fallsington-Drained 10-30 Flats,depressions,swal
es

Yes 2

Marshyhope 0-10 Depressions,flats,drain
ageways

No —

Woodstown 0-10 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,drainageways No —

Othello 0-10 Flats,depressions,swal
es,drainageways

Yes 2

FgcA: Fallsington loams, 0 to 2 
percent slopes, Mid-Altlantic 
Coastal Plain

Fallsington-Undrained 10-80 Drainageways,flats,de
pressions,swales

Yes 2

Fallsington-Drained 10-40 Flats,depressions,swal
es

Yes 2

Hammonton 0-15 Flats,drainageways No —

Woodstown 0-15 Flats,fluviomarine 
terraces,depression
s,broad interstream 
divides

No —

Othello 0-15 Depressions,swales,dr
ainageways,flats

Yes 2

Marshyhope 0-10 Depressions,flats,drain
ageways

No —
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Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

HnA: Hammonton sandy loam, 0 to 
2 percent slopes

Hammonton 70-85 Flats,drainageways,de
pressions

No —

Hurlock-Drained 2-15 Depressions,swales,fl
ats

Yes 2

Ingleside 0-10 Flats,fluviomarine 
terraces

No —

Klej 0-10 Flats,depressions No —

Rosedale 0-10 Flats No —

LO: Longmarsh and Indiantown 
soils, frequently flooded

Longmarsh 10-70 Flood plains Yes 2,3

Indiantown 10-70 Flood plains Yes 2,3

Zekiah 2-15 Flood plains Yes 2,3

Klej 0-10 Flats No —

Manahawkin 0-10 Swamps,flood plains Yes 1,3

RdA: Reybold-Queponco complex, 
0 to 2 percent slopes

Reybold 25-60 Flats,interfluves No —

Queponco 20-60 Flats,swales No —

Unicorn 2-25 Flats,swales No —

Matapeake 2-10 Rises No —

ReA: Reybold silt loam, 0 to 2 
percent slopes

Reybold 65-100 Interfluves,flats No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Unicorn 2-10 Flats,swales No —

Queponco 0-10 Flats,swales No —

ReB: Reybold silt loam, 2 to 5 
percent slopes

Reybold 65-100 Flats,interfluves No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Queponco 0-10 Flats,swales No —

Unicorn 2-10 Flats,swales No —

ReC: Reybold silt loam, 5 to 10 
percent slopes

Reybold 65-100 Flats,interfluves No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Queponco 0-10 Flats,swales No —

Unicorn 2-10 Flats,swales No —

SacB: Sassafras sandy loam, 2 to 
5 percent slopes, Mid-Atlantic 
Coastal Plain

Sassafras 70-100 Flats,fluviomarine 
terraces

No —

Ingleside 0-10 Flats No —
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Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

Woodstown 0-10 Fluviomarine 
terraces,broad 
interstream 
divides,depressions,
flats

No —

Downer 2-15 Knolls,low hills,flats No —

SacC: Sassafras sandy loam, 5 to 
10 percent slopes, Mid-Atlantic 
Coastal Plain

Sassafras 70-100 Flats,fluviomarine 
terraces

No —

Ingleside 0-10 Flats No —

Woodstown 0-10 Fluviomarine 
terraces,broad 
interstream 
divides,depressions,
flats

No —

Downer 2-15 Knolls,low hills,flats No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —

Fallsington 0-20 Drainageways,depress
ions,swales,flats

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Flats,depressions,swal
es,broad interstream 
divides

No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —

Fallsington-
Occasionally 
ponded

0-20 Drainageways,depress
ions,swales,flats

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Flats,depressions,swal
es,broad interstream 
divides

No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —
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Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

Fallsington 0-20 Drainageways,flats,de
pressions,swales

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Swales,broad 
interstream 
divides,flats,depress
ions

No —
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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 
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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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Custom Soil Resource Report
Soil Map (ADJACENT TO DEXTER CORNER RD)
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MAP LEGEND MAP INFORMATION

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

Soils
Soil Survey Areas

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 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

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: New Castle County, Delaware
Survey Area Data: Version 16, Aug 26, 2021

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

Date(s) aerial images were photographed: Aug 16, 2015—Oct 
19, 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 (ADJACENT TO DEXTER 
CORNER RD)

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

DocB Downer sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

29.0 6.7%

DocC Downer sandy loam, 5 to 10 
percent slopes, Mid-Atlantic 
Coastal Plain

3.1 0.7%

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

17.9 4.2%

FgcA Fallsington loams, 0 to 2 
percent slopes, Mid-Altlantic 
Coastal Plain

23.0 5.3%

GuB Greenwich-Urban land 
complex, 0 to 5 percent 
slopes

7.7 1.8%

HbA Hambrook sandy loam, 0 to 2 
percent slopes

5.8 1.4%

HnA Hammonton sandy loam, 0 to 2 
percent slopes

84.9 19.7%

HoA Hammonton-Fallsington-Mullica 
complex, 0 to 2 percent 
slopes

63.9 14.9%

ImB Ingleside-Hammonton-
Fallsington complex, 0 to 5 
percent slopes

46.4 10.8%

KpA Keyport silt loam, 0 to 2 percent 
slopes

0.3 0.1%

LhA Lenni silt loam, 0 to 2 percent 
slopes

62.1 14.4%

LO Longmarsh and Indiantown 
soils, frequently flooded

8.0 1.9%

MmA Mullica mucky sandy loam, 0 to 
2 percent slopes

2.2 0.5%

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

2.4 0.6%

ReA Reybold silt loam, 0 to 2 
percent slopes

0.6 0.1%

ReB Reybold silt loam, 2 to 5 
percent slopes

12.8 3.0%

ReC Reybold silt loam, 5 to 10 
percent slopes

12.3 2.8%

SacB Sassafras sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

16.5 3.8%

Custom Soil Resource Report
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Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

SacC Sassafras sandy loam, 5 to 10 
percent slopes, Mid-Atlantic 
Coastal Plain

19.1 4.4%

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

12.6 2.9%

Totals for Area of Interest 430.5 100.0%

Map Unit Descriptions (ADJACENT TO 
DEXTER CORNER RD)
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, 
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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.

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.

Custom Soil Resource Report
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New Castle County, Delaware

DocB—Downer sandy loam, 2 to 5 percent slopes, Mid-Atlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2thwg
Elevation: 0 to 90 feet
Mean annual precipitation: 42 to 46 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
Downer and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Downer

Setting
Landform: Knolls, flats
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Nose slope, rise
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: sandy loam
BE - 10 to 16 inches: loamy sand
Bt - 16 to 28 inches: sandy loam
C1 - 28 to 48 inches: loamy sand
C2 - 48 to 80 inches: sand

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

(0.60 to 6.00 in/hr)
Depth to water table: More than 80 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 6.4 inches)

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

Custom Soil Resource Report
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Minor Components

Galestown
Percent of map unit: 10 percent
Landform: Flats, low hills
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Nose slope, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear, convex
Hydric soil rating: No

Hammonton
Percent of map unit: 5 percent
Landform: Broad interstream divides, flats
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Ingleside
Percent of map unit: 5 percent
Landform: Flats, broad interstream divides
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

DocC—Downer sandy loam, 5 to 10 percent slopes, Mid-Atlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2thwk
Elevation: 0 to 90 feet
Mean annual precipitation: 42 to 46 inches
Mean annual air temperature: 55 to 59 degrees F
Frost-free period: 210 to 240 days
Farmland classification: Farmland of statewide importance

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

Description of Downer

Setting
Landform: Fluviomarine terraces, flats, low hills, knolls
Landform position (two-dimensional): Backslope, shoulder

Custom Soil Resource Report
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Landform position (three-dimensional): Side slope, riser, rise
Down-slope shape: Linear, convex
Across-slope shape: Convex, linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 9 inches: sandy loam
BE - 9 to 16 inches: loamy sand
Bt - 16 to 28 inches: sandy loam
C1 - 28 to 48 inches: loamy sand
C2 - 48 to 80 inches: sand

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

(0.60 to 6.00 in/hr)
Depth to water table: More than 80 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 6.4 inches)

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

Minor Components

Galestown
Percent of map unit: 10 percent
Landform: Fluviomarine terraces, flats
Landform position (two-dimensional): Backslope, shoulder
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Convex, linear
Hydric soil rating: No

Hammonton
Percent of map unit: 5 percent
Landform: Broad interstream divides, flats
Landform position (two-dimensional): Backslope, shoulder
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Ingleside
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, flats
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Linear
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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
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
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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
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: Depressions, flats, drainageways
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
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
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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: Flats, depressions, swales, drainageways
Landform position (two-dimensional): Toeslope, footslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes

FgcA—Fallsington loams, 0 to 2 percent slopes, Mid-Altlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2s96t
Elevation: 10 to 70 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
Fallsington, undrained, and similar soils: 38 percent
Fallsington, drained, and similar soils: 37 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Fallsington, Undrained

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

Typical profile
Oe - 0 to 2 inches: mucky peat
A - 2 to 10 inches: 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
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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: 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 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

Hammonton
Percent of map unit: 7 percent
Landform: Flats, drainageways
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Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear
Hydric soil rating: No

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

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

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

GuB—Greenwich-Urban land complex, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2p7f8
Elevation: 0 to 390 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
Greenwich and similar soils: 60 percent
Urban land: 20 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Greenwich

Setting
Landform: Flats, terraces, knolls
Landform position (three-dimensional): Dip, rise, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear, convex
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: loam
Bt1 - 10 to 16 inches: loam
Bt2 - 16 to 22 inches: loam
2Bt - 22 to 29 inches: sandy loam
2CB - 29 to 46 inches: loamy sand
2C - 46 to 80 inches: coarse sand

Properties and qualities
Slope: 0 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 

(0.50 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: Low (about 5.9 inches)

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

Description of Urban Land

Setting
Landform: Flats
Down-slope shape: Linear
Across-slope shape: Linear

Minor Components

Udorthents
Percent of map unit: 10 percent
Landform: Flats

Unicorn
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Pineyneck
Percent of map unit: 5 percent
Landform: Depressions, swales
Hydric soil rating: No
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HbA—Hambrook sandy loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7fg
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: 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: 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

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

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

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

HnA—Hammonton sandy loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7f4
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
Hammonton and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Hammonton

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

Typical profile
Ap - 0 to 11 inches: sandy loam
Bt - 11 to 30 inches: sandy loam
Cg - 30 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 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): High (1.98 to 5.95 

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: Low (about 5.4 inches)

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

Minor Components

Hurlock, drained
Percent of map unit: 5 percent
Landform: Depressions, swales, flats
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: Yes

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

Klej
Percent of map unit: 5 percent
Landform: 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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Rosedale
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

HoA—Hammonton-Fallsington-Mullica complex, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7dn
Elevation: 10 to 230 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
Hammonton and similar soils: 40 percent
Fallsington, undrained, and similar soils: 25 percent
Mullica, undrained, and similar soils: 10 percent
Fallsington, drained, and similar soils: 10 percent
Mullica, drained, and similar soils: 10 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hammonton

Setting
Landform: Flats, depressions, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Ap - 0 to 11 inches: sandy loam
Bt - 11 to 30 inches: sandy loam
Cg - 30 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 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): High (1.98 to 5.95 

in/hr)
Depth to water table: About 20 to 40 inches
Frequency of flooding: None
Frequency of ponding: None

Custom Soil Resource Report

26



Available water supply, 0 to 60 inches: Low (about 5.4 inches)

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

Description of Fallsington, Undrained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
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
Runoff class: Negligible
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 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Occasional
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Description of Mullica, Undrained

Setting
Landform: Flats, depressions, drainageways, swales
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Sandy and loamy fluviomarine sediments

Typical profile
Oe - 0 to 3 inches: moderately decomposed plant material
A - 3 to 10 inches: mucky sandy loam
Eg - 10 to 14 inches: sandy loam
Bg - 14 to 24 inches: sandy loam
Cg - 24 to 65 inches: sand
2Ab - 65 to 80 inches: silt loam
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Properties and qualities
Slope: 0 to 2 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 high to high 

(0.20 to 5.95 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Available water supply, 0 to 60 inches: Moderate (about 6.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Hydric soil rating: Yes

Description of Fallsington, Drained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Ap - 0 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
Runoff class: Very 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: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: Moderate (about 8.2 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Description of Mullica, Drained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
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Typical profile
Ap - 0 to 10 inches: mucky sandy loam
A - 10 to 14 inches: mucky sandy loam
Bg - 14 to 24 inches: sandy loam
Cg - 24 to 65 inches: sand
2Ab - 65 to 80 inches: silt loam

Properties and qualities
Slope: 0 to 2 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 high to high 

(0.20 to 5.95 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: Low (about 4.9 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: A/D
Hydric soil rating: Yes

Minor Components

Ingleside
Percent of map unit: 3 percent
Landform: Flats
Hydric soil rating: No

Corsica
Percent of map unit: 2 percent
Landform: Depressions
Hydric soil rating: Yes

ImB—Ingleside-Hammonton-Fallsington complex, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2p7dp
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
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Map Unit Composition
Ingleside and similar soils: 35 percent
Hammonton and similar soils: 30 percent
Fallsington, drained, and similar soils: 15 percent
Fallsington, undrained, and similar soils: 10 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ingleside

Setting
Landform: Flats, depressions, fluviomarine terraces
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: 0 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
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

Description of Hammonton

Setting
Landform: Flats, depressions, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Ap - 0 to 11 inches: sandy loam
Bt - 11 to 30 inches: sandy loam
Cg - 30 to 80 inches: sand

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
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Drainage class: Moderately well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

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: Low (about 5.4 inches)

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

Description of Fallsington, Drained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Ap - 0 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
Runoff class: Very 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: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: Moderate (about 8.2 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Description of Fallsington, Undrained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
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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
Runoff class: Negligible
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 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Occasional
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Minor Components

Cedartown
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Fort mott
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

KpA—Keyport silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7fz
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: All areas are prime farmland
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Map Unit Composition
Keyport and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Keyport

Setting
Landform: Flats, depressions, fluviomarine terraces
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Silty and clayey eolian deposits over fluviomarine sediments

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 48 inches: silty clay loam
2Cg - 48 to 80 inches: stratified silt loam to sandy loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Runoff class: Low
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 20 to 40 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: High (about 10.1 inches)

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

Minor Components

Mattapex
Percent of map unit: 10 percent
Landform: Swales, flats, depressions
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Hydric soil rating: No

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

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

LhA—Lenni silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7g2
Elevation: 20 to 70 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
Lenni, drained, and similar soils: 50 percent
Lenni, undrained, and similar soils: 30 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Lenni, Drained

Setting
Landform: Depressions, swales, flats
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Parent material: Clayey fluviomarine sediments

Typical profile
Ap - 0 to 7 inches: silt loam
Eg - 7 to 14 inches: loam
Btg - 14 to 51 inches: clay
2Cg - 51 to 80 inches: 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: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.04 to 0.57 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: Moderate (about 7.6 inches)

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

Description of Lenni, Undrained

Setting
Landform: Depressions, swales, flats
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Parent material: Clayey fluviomarine sediments

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
A - 2 to 7 inches: silt loam
Eg - 7 to 14 inches: loam
Btg - 14 to 51 inches: clay
2Cg - 51 to 80 inches: 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: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.04 to 0.57 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: Moderate (about 8.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Hydric soil rating: Yes

Minor Components

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

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

Keyport
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

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

LO—Longmarsh and Indiantown soils, frequently flooded

Map Unit Setting
National map unit symbol: 2p7dm
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
Longmarsh and similar soils: 43 percent
Indiantown and similar soils: 37 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Longmarsh

Setting
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
A - 2 to 19 inches: mucky loam
Cg1 - 19 to 34 inches: sandy loam
Cg2 - 34 to 80 inches: loamy sand

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 high to high 

(0.57 to 5.95 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: Moderate (about 8.6 inches)

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

Setting
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
A - 2 to 25 inches: mucky silt loam
Cg - 25 to 80 inches: loamy sand

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 high to high 

(0.57 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 11.0 inches)

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

Minor Components

Zekiah
Percent of map unit: 10 percent
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

Klej
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

Manahawkin
Percent of map unit: 5 percent
Landform: Swamps, flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes
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MmA—Mullica mucky sandy loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7f5
Elevation: 30 to 230 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: Prime farmland if drained

Map Unit Composition
Mullica, drained, and similar soils: 50 percent
Mullica, undrained, and similar soils: 30 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mullica, Drained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave

Typical profile
Ap - 0 to 10 inches: mucky sandy loam
A - 10 to 14 inches: mucky sandy loam
Bg - 14 to 24 inches: sandy loam
Cg - 24 to 65 inches: sand
2Ab - 65 to 80 inches: silt loam

Properties and qualities
Slope: 0 to 2 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 high to high 

(0.20 to 5.95 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: Low (about 4.9 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: A/D
Hydric soil rating: Yes
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Description of Mullica, Undrained

Setting
Landform: Flats, depressions, drainageways, swales
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Sandy and loamy fluviomarine sediments

Typical profile
Oe - 0 to 3 inches: moderately decomposed plant material
A - 3 to 10 inches: mucky sandy loam
Eg - 10 to 14 inches: sandy loam
Bg - 14 to 24 inches: sandy loam
Cg - 24 to 65 inches: sand
2Ab - 65 to 80 inches: silt loam

Properties and qualities
Slope: 0 to 2 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 high to high 

(0.20 to 5.95 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Available water supply, 0 to 60 inches: Moderate (about 6.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Hydric soil rating: Yes

Minor Components

Berryland
Percent of map unit: 10 percent
Landform: Flats, depressions, swales
Hydric soil rating: Yes

Hurlock
Percent of map unit: 10 percent
Landform: Flats
Hydric soil rating: Yes
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OtcA—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.

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
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Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Description of Othello, Undrained

Setting
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
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
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: Flats, fluviomarine terraces, depressions
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Mattapex
Percent of map unit: 7 percent
Landform: Flats, depressions, swales, broad interstream divides
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
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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

ReA—Reybold silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7g6
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

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

Description of Reybold

Setting
Landform: Interfluves, flats
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse sandy loam
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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 2.00 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 7.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Hydric soil rating: No

Minor Components

Sassafras
Percent of map unit: 10 percent
Landform: Flats, knolls
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Unicorn
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

Queponco
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

ReB—Reybold silt loam, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2p7g7
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland
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Map Unit Composition
Reybold and similar soils: 75 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Reybold

Setting
Landform: Flats, interfluves
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse sandy 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 2.00 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 7.7 inches)

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

Minor Components

Sassafras
Percent of map unit: 10 percent
Landform: Flats, knolls
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Queponco
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

Unicorn
Percent of map unit: 5 percent
Landform: Flats, swales
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Hydric soil rating: No

ReC—Reybold silt loam, 5 to 10 percent slopes

Map Unit Setting
National map unit symbol: 2p7g8
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Farmland of statewide importance

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

Description of Reybold

Setting
Landform: Flats, interfluves
Down-slope shape: Linear
Across-slope shape: Linear, convex
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse sandy 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 2.00 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 7.7 inches)

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

Sassafras
Percent of map unit: 10 percent
Landform: Flats, knolls
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Queponco
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

Unicorn
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

SacB—Sassafras sandy loam, 2 to 5 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2thxf
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 46 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
Sassafras and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Sassafras

Setting
Landform: Flats, fluviomarine terraces
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 12 inches: sandy loam
Bt1 - 12 to 18 inches: sandy loam
Bt2 - 18 to 28 inches: sandy clay loam
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BC - 28 to 40 inches: loamy sand
C1 - 40 to 58 inches: sand
C2 - 58 to 80 inches: sand

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

(0.20 to 2.00 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 7.1 inches)

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

Minor Components

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

Woodstown
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, broad interstream divides, depressions, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Downer
Percent of map unit: 5 percent
Landform: Knolls, low hills, flats
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear
Hydric soil rating: No
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SacC—Sassafras sandy loam, 5 to 10 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2thxt
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 46 inches
Mean annual air temperature: 55 to 59 degrees F
Frost-free period: 210 to 240 days
Farmland classification: Farmland of statewide importance

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

Description of Sassafras

Setting
Landform: Flats, fluviomarine terraces
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 9 inches: sandy loam
Bt1 - 9 to 18 inches: sandy loam
Bt2 - 18 to 28 inches: sandy clay loam
BC - 28 to 40 inches: loamy sand
C1 - 40 to 58 inches: sand
C2 - 58 to 80 inches: sand

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

(0.20 to 2.00 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 7.1 inches)

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

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

Woodstown
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, broad interstream divides, depressions, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Downer
Percent of map unit: 5 percent
Landform: Knolls, low hills, flats
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear
Hydric soil rating: No

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
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
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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

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

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

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
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Hydric soil rating: No

Mattapex
Percent of map unit: 4 percent
Landform: Flats, depressions, swales, broad interstream divides
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
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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 
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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 Survey Areas

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 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

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: New Castle County, Delaware
Survey Area Data: Version 16, Aug 26, 2021

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

Date(s) aerial images were photographed: Aug 16, 2015—Oct 
19, 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

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

GuB Greenwich-Urban land 
complex, 0 to 5 percent 
slopes

13.9 28.1%

HnA Hammonton sandy loam, 0 to 2 
percent slopes

14.8 30.0%

HoA Hammonton-Fallsington-Mullica 
complex, 0 to 2 percent 
slopes

0.8 1.7%

LhA Lenni silt loam, 0 to 2 percent 
slopes

0.3 0.5%

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

14.3 28.9%

SacB Sassafras sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

5.3 10.8%

Totals for Area of Interest 49.4 100.0%

Map Unit Descriptions
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 
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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.

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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New Castle County, Delaware

GuB—Greenwich-Urban land complex, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2p7f8
Elevation: 0 to 390 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
Greenwich and similar soils: 60 percent
Urban land: 20 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Greenwich

Setting
Landform: Flats, terraces, knolls
Landform position (three-dimensional): Dip, rise, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear, convex
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: loam
Bt1 - 10 to 16 inches: loam
Bt2 - 16 to 22 inches: loam
2Bt - 22 to 29 inches: sandy loam
2CB - 29 to 46 inches: loamy sand
2C - 46 to 80 inches: coarse sand

Properties and qualities
Slope: 0 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 

(0.50 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: Low (about 5.9 inches)

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

Setting
Landform: Flats
Down-slope shape: Linear
Across-slope shape: Linear

Minor Components

Udorthents
Percent of map unit: 10 percent
Landform: Flats

Unicorn
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Pineyneck
Percent of map unit: 5 percent
Landform: Depressions, swales
Hydric soil rating: No

HnA—Hammonton sandy loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7f4
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
Hammonton and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hammonton

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

Typical profile
Ap - 0 to 11 inches: sandy loam
Bt - 11 to 30 inches: sandy loam

Custom Soil Resource Report

14



Cg - 30 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 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): High (1.98 to 5.95 

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: Low (about 5.4 inches)

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

Minor Components

Hurlock, drained
Percent of map unit: 5 percent
Landform: Depressions, swales, flats
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: Yes

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

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

Rosedale
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
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HoA—Hammonton-Fallsington-Mullica complex, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7dn
Elevation: 10 to 230 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
Hammonton and similar soils: 40 percent
Fallsington, undrained, and similar soils: 25 percent
Mullica, undrained, and similar soils: 10 percent
Fallsington, drained, and similar soils: 10 percent
Mullica, drained, and similar soils: 10 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hammonton

Setting
Landform: Flats, depressions, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Ap - 0 to 11 inches: sandy loam
Bt - 11 to 30 inches: sandy loam
Cg - 30 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 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): High (1.98 to 5.95 

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: Low (about 5.4 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: B
Hydric soil rating: No
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Description of Fallsington, Undrained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
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
Runoff class: Negligible
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 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Occasional
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Description of Mullica, Undrained

Setting
Landform: Flats, depressions, drainageways, swales
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Sandy and loamy fluviomarine sediments

Typical profile
Oe - 0 to 3 inches: moderately decomposed plant material
A - 3 to 10 inches: mucky sandy loam
Eg - 10 to 14 inches: sandy loam
Bg - 14 to 24 inches: sandy loam
Cg - 24 to 65 inches: sand
2Ab - 65 to 80 inches: silt loam

Properties and qualities
Slope: 0 to 2 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 high to high 

(0.20 to 5.95 in/hr)
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Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Available water supply, 0 to 60 inches: Moderate (about 6.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Hydric soil rating: Yes

Description of Fallsington, Drained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Loamy fluviomarine sediments

Typical profile
Ap - 0 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
Runoff class: Very 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: About 10 to 20 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: Moderate (about 8.2 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Description of Mullica, Drained

Setting
Landform: Flats, depressions, swales, drainageways
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave

Typical profile
Ap - 0 to 10 inches: mucky sandy loam
A - 10 to 14 inches: mucky sandy loam
Bg - 14 to 24 inches: sandy loam
Cg - 24 to 65 inches: sand
2Ab - 65 to 80 inches: silt loam
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Properties and qualities
Slope: 0 to 2 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 high to high 

(0.20 to 5.95 in/hr)
Depth to water table: About 0 to 10 inches
Frequency of flooding: None
Frequency of ponding: Rare
Available water supply, 0 to 60 inches: Low (about 4.9 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: A/D
Hydric soil rating: Yes

Minor Components

Ingleside
Percent of map unit: 3 percent
Landform: Flats
Hydric soil rating: No

Corsica
Percent of map unit: 2 percent
Landform: Depressions
Hydric soil rating: Yes

LhA—Lenni silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7g2
Elevation: 20 to 70 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
Lenni, drained, and similar soils: 50 percent
Lenni, undrained, and similar soils: 30 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Lenni, Drained

Setting
Landform: Depressions, swales, flats
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Parent material: Clayey fluviomarine sediments

Typical profile
Ap - 0 to 7 inches: silt loam
Eg - 7 to 14 inches: loam
Btg - 14 to 51 inches: clay
2Cg - 51 to 80 inches: 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: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.04 to 0.57 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: Moderate (about 7.6 inches)

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

Description of Lenni, Undrained

Setting
Landform: Depressions, swales, flats
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Parent material: Clayey fluviomarine sediments

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
A - 2 to 7 inches: silt loam
Eg - 7 to 14 inches: loam
Btg - 14 to 51 inches: clay
2Cg - 51 to 80 inches: 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: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.04 to 0.57 in/hr)
Depth to water table: About 0 to 10 inches
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Frequency of flooding: None
Frequency of ponding: Occasional
Available water supply, 0 to 60 inches: Moderate (about 8.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Hydric soil rating: Yes

Minor Components

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

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

Keyport
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

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

OtcA—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: 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
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: Flats, fluviomarine terraces, depressions
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Mattapex
Percent of map unit: 7 percent
Landform: Flats, depressions, swales, broad interstream divides
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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SacB—Sassafras sandy loam, 2 to 5 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2thxf
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 46 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
Sassafras and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Sassafras

Setting
Landform: Flats, fluviomarine terraces
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 12 inches: sandy loam
Bt1 - 12 to 18 inches: sandy loam
Bt2 - 18 to 28 inches: sandy clay loam
BC - 28 to 40 inches: loamy sand
C1 - 40 to 58 inches: sand
C2 - 58 to 80 inches: sand

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

(0.20 to 2.00 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 7.1 inches)

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

Minor Components

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

Woodstown
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, broad interstream divides, depressions, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Downer
Percent of map unit: 5 percent
Landform: Knolls, low hills, flats
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear
Hydric soil rating: No
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Soil Information for All Uses

Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of 
each unit. No aggregation of data has occurred as is done in reports in the Soil 
Properties and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included.

Land Classifications

This folder contains a collection of tabular reports that present a variety of soil 
groupings. The reports (tables) include all selected map units and components for 
each map unit. Land classifications are specified land use and management 
groupings that are assigned to soil areas because combinations of soil have similar 
behavior for specified practices. Most are based on soil properties and other factors 
that directly influence the specific use of the soil. Example classifications include 
ecological site classification, farmland classification, irrigated and nonirrigated land 
capability classification, and hydric rating.

Hydric Soil List - All Components (FINLEY STREET)

This table lists the map unit components and their hydric status in the survey area. 
This list can help in planning land uses; however, onsite investigation is 
recommended to determine the hydric soils on a specific site (National Research 
Council, 1995; Hurt and others, 2002).

The three essential characteristics of wetlands are hydrophytic vegetation, hydric 
soils, and wetland hydrology (Cowardin and others, 1979; U.S. Army Corps of 
Engineers, 1987; National Research Council, 1995; Tiner, 1985). Criteria for all of 
the characteristics must be met for areas to be identified as wetlands. Undrained 
hydric soils that have natural vegetation should support a dominant population of 
ecological wetland plant species. Hydric soils that have been converted to other 
uses should be capable of being restored to wetlands.

Hydric soils are defined by the National Technical Committee for Hydric Soils 
(NTCHS) as soils that formed under conditions of saturation, flooding, or ponding 
long enough during the growing season to develop anaerobic conditions in the 
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upper part (Federal Register, 1994). These soils, under natural conditions, are 
either saturated or inundated long enough during the growing season to support the 
growth and reproduction of hydrophytic vegetation.

The NTCHS definition identifies general soil properties that are associated with 
wetness. In order to determine whether a specific soil is a hydric soil or nonhydric 
soil, however, more specific information, such as information about the depth and 
duration of the water table, is needed. Thus, criteria that identify those estimated 
soil properties unique to hydric soils have been established (Federal Register, 
2002). These criteria are used to identify map unit components that normally are 
associated with wetlands. The criteria used are selected estimated soil properties 
that are described in "Soil Taxonomy" (Soil Survey Staff, 1999) and "Keys to Soil 
Taxonomy" (Soil Survey Staff, 2006) and in the "Soil Survey Manual" (Soil Survey 
Division Staff, 1993).

If soils are wet enough for a long enough period of time to be considered hydric, 
they should exhibit certain properties that can be easily observed in the field. These 
visible properties are indicators of hydric soils. The indicators used to make onsite 
determinations of hydric soils are specified in "Field Indicators of Hydric Soils in the 
United States" (Hurt and Vasilas, 2006).

Hydric soils are identified by examining and describing the soil to a depth of about 
20 inches. This depth may be greater if determination of an appropriate indicator so 
requires. It is always recommended that soils be excavated and described to the 
depth necessary for an understanding of the redoximorphic processes. Then, using 
the completed soil descriptions, soil scientists can compare the soil features 
required by each indicator and specify which indicators have been matched with the 
conditions observed in the soil. The soil can be identified as a hydric soil if at least 
one of the approved indicators is present.

Map units that are dominantly made up of hydric soils may have small areas, or 
inclusions, of nonhydric soils in the higher positions on the landform, and map units 
dominantly made up of nonhydric soils may have inclusions of hydric soils in the 
lower positions on the landform.

The criteria for hydric soils are represented by codes in the table (for example, 2). 
Definitions for the codes are as follows:

1. All Histels except for Folistels, and Histosols except for Folists.
2. Soils in Aquic suborders, great groups, or subgroups, Albolls suborder, 

Historthels great group, Histoturbels great group, Pachic subgroups, or Cumulic 
subgroups that:
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
B. Show evidence that the soil meets the definition of a hydric soil;

3. Soils that are frequently ponded for long or very long duration during the 
growing season.
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
B. Show evidence that the soil meets the definition of a hydric soil;

4. Map unit components that are frequently flooded for long duration or very long 
duration during the growing season that:
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
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B. Show evidence that the soil meets the definition of a hydric soil;

Hydric Condition: Food Security Act information regarding the ability to grow a 
commodity crop without removing woody vegetation or manipulating hydrology.

References:

Federal Register. July 13, 1994. Changes in hydric soils of the United States. 
Federal Register. Doc. 2012-4733 Filed 2-28-12. February, 28, 2012. Hydric soils of 

the United States. 
Soil Survey Division Staff. 1993. Soil survey manual. Soil Conservation Service. U.S. 

Department of Agriculture Handbook 18. 
Soil Survey Staff. 1999. Soil taxonomy: A basic system of soil classification for 

making and interpreting soil surveys. 2nd edition. Natural Resources 
Conservation Service. U.S. Department of Agriculture Handbook 436. 
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Report—Hydric Soil List - All Components (FINLEY STREET)

Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

DocB: Downer sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

Downer 70-100 Knolls,flats No —

Galestown 0-10 Flats,low hills No —

Hammonton 0-10 Broad interstream 
divides,flats

No —

Ingleside 0-10 Flats,broad 
interstream divides

No —

DocC: Downer sandy loam, 5 to 10 
percent slopes, Mid-Atlantic 
Coastal Plain

Downer 70-100 Fluviomarine 
terraces,flats,low 
hills,knolls

No —

Galestown 0-10 Fluviomarine 
terraces,flats

No —

Hammonton 0-10 Broad interstream 
divides,flats

No —

Ingleside 0-10 Fluviomarine 
terraces,flats

No —

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

Fallsington-Undrained 10-80 Swales,drainageways,
flats,depressions

Yes 2

Fallsington-Drained 10-30 Flats,depressions,swal
es

Yes 2

Marshyhope 0-10 Depressions,flats,drain
ageways

No —

Woodstown 0-10 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,drainageways No —

Othello 0-10 Flats,depressions,swal
es,drainageways

Yes 2

FgcA: Fallsington loams, 0 to 2 
percent slopes, Mid-Altlantic 
Coastal Plain

Fallsington-Undrained 10-80 Drainageways,flats,de
pressions,swales

Yes 2

Fallsington-Drained 10-40 Flats,depressions,swal
es

Yes 2

Hammonton 0-15 Flats,drainageways No —

Woodstown 0-15 Flats,fluviomarine 
terraces,depression
s,broad interstream 
divides

No —

Othello 0-15 Depressions,swales,dr
ainageways,flats

Yes 2

Marshyhope 0-10 Depressions,flats,drain
ageways

No —
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Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

HnA: Hammonton sandy loam, 0 to 
2 percent slopes

Hammonton 70-85 Flats,drainageways,de
pressions

No —

Hurlock-Drained 2-15 Depressions,swales,fl
ats

Yes 2

Ingleside 0-10 Flats,fluviomarine 
terraces

No —

Klej 0-10 Flats,depressions No —

Rosedale 0-10 Flats No —

LO: Longmarsh and Indiantown 
soils, frequently flooded

Longmarsh 10-70 Flood plains Yes 2,3

Indiantown 10-70 Flood plains Yes 2,3

Zekiah 2-15 Flood plains Yes 2,3

Klej 0-10 Flats No —

Manahawkin 0-10 Swamps,flood plains Yes 1,3

RdA: Reybold-Queponco complex, 
0 to 2 percent slopes

Reybold 25-60 Flats,interfluves No —

Queponco 20-60 Flats,swales No —

Unicorn 2-25 Flats,swales No —

Matapeake 2-10 Rises No —

ReA: Reybold silt loam, 0 to 2 
percent slopes

Reybold 65-100 Interfluves,flats No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Unicorn 2-10 Flats,swales No —

Queponco 0-10 Flats,swales No —

ReB: Reybold silt loam, 2 to 5 
percent slopes

Reybold 65-100 Flats,interfluves No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Queponco 0-10 Flats,swales No —

Unicorn 2-10 Flats,swales No —

ReC: Reybold silt loam, 5 to 10 
percent slopes

Reybold 65-100 Flats,interfluves No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Queponco 0-10 Flats,swales No —

Unicorn 2-10 Flats,swales No —

SacB: Sassafras sandy loam, 2 to 
5 percent slopes, Mid-Atlantic 
Coastal Plain

Sassafras 70-100 Flats,fluviomarine 
terraces

No —

Ingleside 0-10 Flats No —
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Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

Woodstown 0-10 Fluviomarine 
terraces,broad 
interstream 
divides,depressions,
flats

No —

Downer 2-15 Knolls,low hills,flats No —

SacC: Sassafras sandy loam, 5 to 
10 percent slopes, Mid-Atlantic 
Coastal Plain

Sassafras 70-100 Flats,fluviomarine 
terraces

No —

Ingleside 0-10 Flats No —

Woodstown 0-10 Fluviomarine 
terraces,broad 
interstream 
divides,depressions,
flats

No —

Downer 2-15 Knolls,low hills,flats No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —

Fallsington 0-20 Drainageways,depress
ions,swales,flats

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Flats,depressions,swal
es,broad interstream 
divides

No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —

Fallsington-
Occasionally 
ponded

0-20 Drainageways,depress
ions,swales,flats

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Flats,depressions,swal
es,broad interstream 
divides

No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —
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Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

Fallsington 0-20 Drainageways,flats,de
pressions,swales

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Swales,broad 
interstream 
divides,flats,depress
ions

No —
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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 
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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.

Custom Soil Resource Report
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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 Survey Areas

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 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

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: New Castle County, Delaware
Survey Area Data: Version 16, Aug 26, 2021

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

Date(s) aerial images were photographed: Aug 16, 2015—Oct 
19, 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 (Map Robinson)

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

DocB Downer sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

0.6 0.2%

DocC Downer sandy loam, 5 to 10 
percent slopes, Mid-Atlantic 
Coastal Plain

0.3 0.1%

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

9.8 2.8%

FgcA Fallsington loams, 0 to 2 
percent slopes, Mid-Altlantic 
Coastal Plain

42.1 12.1%

HnA Hammonton sandy loam, 0 to 2 
percent slopes

31.0 8.9%

LO Longmarsh and Indiantown 
soils, frequently flooded

17.4 5.0%

RdA Reybold-Queponco complex, 0 
to 2 percent slopes

0.7 0.2%

ReA Reybold silt loam, 0 to 2 
percent slopes

10.4 3.0%

ReB Reybold silt loam, 2 to 5 
percent slopes

139.0 39.9%

ReC Reybold silt loam, 5 to 10 
percent slopes

27.1 7.8%

SacB Sassafras sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

41.0 11.8%

SacC Sassafras sandy loam, 5 to 10 
percent slopes, Mid-Atlantic 
Coastal Plain

6.4 1.8%

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

8.8 2.5%

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

4.6 1.3%

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

9.5 2.7%

Totals for Area of Interest 348.6 100.0%
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Map Unit Descriptions (Map Robinson)
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.

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 
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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.

Custom Soil Resource Report
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New Castle County, Delaware

DocB—Downer sandy loam, 2 to 5 percent slopes, Mid-Atlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2thwg
Elevation: 0 to 90 feet
Mean annual precipitation: 42 to 46 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
Downer and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Downer

Setting
Landform: Knolls, flats
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Nose slope, rise
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: sandy loam
BE - 10 to 16 inches: loamy sand
Bt - 16 to 28 inches: sandy loam
C1 - 28 to 48 inches: loamy sand
C2 - 48 to 80 inches: sand

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

(0.60 to 6.00 in/hr)
Depth to water table: More than 80 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 6.4 inches)

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

Custom Soil Resource Report
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Minor Components

Galestown
Percent of map unit: 10 percent
Landform: Flats, low hills
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Nose slope, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear, convex
Hydric soil rating: No

Hammonton
Percent of map unit: 5 percent
Landform: Broad interstream divides, flats
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Ingleside
Percent of map unit: 5 percent
Landform: Flats, broad interstream divides
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

DocC—Downer sandy loam, 5 to 10 percent slopes, Mid-Atlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2thwk
Elevation: 0 to 90 feet
Mean annual precipitation: 42 to 46 inches
Mean annual air temperature: 55 to 59 degrees F
Frost-free period: 210 to 240 days
Farmland classification: Farmland of statewide importance

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

Description of Downer

Setting
Landform: Fluviomarine terraces, flats, low hills, knolls
Landform position (two-dimensional): Backslope, shoulder

Custom Soil Resource Report
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Landform position (three-dimensional): Side slope, riser, rise
Down-slope shape: Linear, convex
Across-slope shape: Convex, linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 9 inches: sandy loam
BE - 9 to 16 inches: loamy sand
Bt - 16 to 28 inches: sandy loam
C1 - 28 to 48 inches: loamy sand
C2 - 48 to 80 inches: sand

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

(0.60 to 6.00 in/hr)
Depth to water table: More than 80 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 6.4 inches)

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

Minor Components

Galestown
Percent of map unit: 10 percent
Landform: Fluviomarine terraces, flats
Landform position (two-dimensional): Backslope, shoulder
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Convex, linear
Hydric soil rating: No

Hammonton
Percent of map unit: 5 percent
Landform: Broad interstream divides, flats
Landform position (two-dimensional): Backslope, shoulder
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Ingleside
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, flats
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Linear
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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
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
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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
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: Depressions, flats, drainageways
Landform position (three-dimensional): Dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
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
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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: Flats, depressions, swales, drainageways
Landform position (two-dimensional): Toeslope, footslope
Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes

FgcA—Fallsington loams, 0 to 2 percent slopes, Mid-Altlantic Coastal 
Plain

Map Unit Setting
National map unit symbol: 2s96t
Elevation: 10 to 70 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
Fallsington, undrained, and similar soils: 38 percent
Fallsington, drained, and similar soils: 37 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Fallsington, Undrained

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

Typical profile
Oe - 0 to 2 inches: mucky peat
A - 2 to 10 inches: 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
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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: 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 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

Hammonton
Percent of map unit: 7 percent
Landform: Flats, drainageways
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Landform position (three-dimensional): Talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear
Hydric soil rating: No

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

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

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

HnA—Hammonton sandy loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7f4
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
Hammonton and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hammonton

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

Typical profile
Ap - 0 to 11 inches: sandy loam
Bt - 11 to 30 inches: sandy loam
Cg - 30 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 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): High (1.98 to 5.95 

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: Low (about 5.4 inches)

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

Minor Components

Hurlock, drained
Percent of map unit: 5 percent
Landform: Depressions, swales, flats
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: Yes

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

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

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

LO—Longmarsh and Indiantown soils, frequently flooded

Map Unit Setting
National map unit symbol: 2p7dm
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
Longmarsh and similar soils: 43 percent
Indiantown and similar soils: 37 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Longmarsh

Setting
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
A - 2 to 19 inches: mucky loam
Cg1 - 19 to 34 inches: sandy loam
Cg2 - 34 to 80 inches: loamy sand

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 high to high 

(0.57 to 5.95 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: Moderate (about 8.6 inches)

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

Setting
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium

Typical profile
Oe - 0 to 2 inches: moderately decomposed plant material
A - 2 to 25 inches: mucky silt loam
Cg - 25 to 80 inches: loamy sand

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 high to high 

(0.57 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 11.0 inches)

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

Minor Components

Zekiah
Percent of map unit: 10 percent
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: Yes

Klej
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

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

Custom Soil Resource Report

24



RdA—Reybold-Queponco complex, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7g5
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Reybold and similar soils: 45 percent
Queponco and similar soils: 40 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Reybold

Setting
Landform: Flats, interfluves
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse 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 high to high 

(0.20 to 2.00 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 7.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Hydric soil rating: No
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Description of Queponco

Setting
Landform: Flats, swales
Down-slope shape: Linear, concave
Across-slope shape: Linear
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt1 - 10 to 17 inches: silt loam
2Bt2 - 17 to 31 inches: loam
2CB - 31 to 36 inches: sandy loam
2C - 36 to 80 inches: 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 (0.20 

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 10.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: C
Hydric soil rating: No

Minor Components

Unicorn
Percent of map unit: 10 percent
Landform: Flats, swales
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Rises
Hydric soil rating: No

ReA—Reybold silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2p7g6
Elevation: 10 to 120 feet
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Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

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

Description of Reybold

Setting
Landform: Interfluves, flats
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse 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 high to high 

(0.20 to 2.00 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 7.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Hydric soil rating: No

Minor Components

Sassafras
Percent of map unit: 10 percent
Landform: Flats, knolls
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Unicorn
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No
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Queponco
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

ReB—Reybold silt loam, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2p7g7
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: All areas are prime farmland

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

Description of Reybold

Setting
Landform: Flats, interfluves
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse sandy 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 2.00 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 7.7 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

Sassafras
Percent of map unit: 10 percent
Landform: Flats, knolls
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Queponco
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

Unicorn
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

ReC—Reybold silt loam, 5 to 10 percent slopes

Map Unit Setting
National map unit symbol: 2p7g8
Elevation: 10 to 120 feet
Mean annual precipitation: 42 to 48 inches
Mean annual air temperature: 52 to 59 degrees F
Frost-free period: 180 to 220 days
Farmland classification: Farmland of statewide importance

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

Description of Reybold

Setting
Landform: Flats, interfluves
Down-slope shape: Linear
Across-slope shape: Linear, convex
Parent material: High silt loamy eolian deposits over fluviomarine deposits

Typical profile
Ap - 0 to 10 inches: silt loam
Bt - 10 to 30 inches: silt loam
2BC - 30 to 39 inches: gravelly coarse sandy loam
2C - 39 to 80 inches: gravelly coarse sandy loam
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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 2.00 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 7.7 inches)

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

Minor Components

Sassafras
Percent of map unit: 10 percent
Landform: Flats, knolls
Hydric soil rating: No

Matapeake
Percent of map unit: 5 percent
Landform: Flats
Hydric soil rating: No

Queponco
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

Unicorn
Percent of map unit: 5 percent
Landform: Flats, swales
Hydric soil rating: No

SacB—Sassafras sandy loam, 2 to 5 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2thxf
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 46 inches
Mean annual air temperature: 55 to 59 degrees F
Frost-free period: 210 to 240 days
Farmland classification: All areas are prime farmland
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Map Unit Composition
Sassafras and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Sassafras

Setting
Landform: Flats, fluviomarine terraces
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 12 inches: sandy loam
Bt1 - 12 to 18 inches: sandy loam
Bt2 - 18 to 28 inches: sandy clay loam
BC - 28 to 40 inches: loamy sand
C1 - 40 to 58 inches: sand
C2 - 58 to 80 inches: sand

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

(0.20 to 2.00 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 7.1 inches)

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

Minor Components

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

Woodstown
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, broad interstream divides, depressions, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave

Custom Soil Resource Report

31



Across-slope shape: Linear, concave
Hydric soil rating: No

Downer
Percent of map unit: 5 percent
Landform: Knolls, low hills, flats
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear
Hydric soil rating: No

SacC—Sassafras sandy loam, 5 to 10 percent slopes, Mid-Atlantic 
Coastal Plain

Map Unit Setting
National map unit symbol: 2thxt
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 46 inches
Mean annual air temperature: 55 to 59 degrees F
Frost-free period: 210 to 240 days
Farmland classification: Farmland of statewide importance

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

Description of Sassafras

Setting
Landform: Flats, fluviomarine terraces
Landform position (three-dimensional): Riser, rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy fluviomarine deposits

Typical profile
Ap - 0 to 9 inches: sandy loam
Bt1 - 9 to 18 inches: sandy loam
Bt2 - 18 to 28 inches: sandy clay loam
BC - 28 to 40 inches: loamy sand
C1 - 40 to 58 inches: sand
C2 - 58 to 80 inches: sand

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

(0.20 to 2.00 in/hr)
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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 7.1 inches)

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

Minor Components

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

Woodstown
Percent of map unit: 5 percent
Landform: Fluviomarine terraces, broad interstream divides, depressions, flats
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Hydric soil rating: No

Downer
Percent of map unit: 5 percent
Landform: Knolls, low hills, flats
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve, rise
Down-slope shape: Convex, linear
Across-slope shape: Linear
Hydric soil rating: No

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
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
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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

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

Fallsington
Percent of map unit: 6 percent
Landform: Drainageways, depressions, swales, flats
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip, talf

Custom Soil Resource Report

34



Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Hydric soil rating: Yes

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: Flats, depressions, swales, broad interstream divides
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

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: Fluviomarine terraces, depressions, broad interstream divides, flats
Landform position (two-dimensional): Shoulder, footslope
Landform position (three-dimensional): Riser, dip
Down-slope shape: Convex, 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
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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

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

Fallsington, occasionally ponded
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

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

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
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Across-slope shape: Linear, concave
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
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
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Hydrologic Soil Group: C
Hydric soil rating: No

Minor Components

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

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

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
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Soil Information for All Uses

Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of 
each unit. No aggregation of data has occurred as is done in reports in the Soil 
Properties and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included.

Land Classifications

This folder contains a collection of tabular reports that present a variety of soil 
groupings. The reports (tables) include all selected map units and components for 
each map unit. Land classifications are specified land use and management 
groupings that are assigned to soil areas because combinations of soil have similar 
behavior for specified practices. Most are based on soil properties and other factors 
that directly influence the specific use of the soil. Example classifications include 
ecological site classification, farmland classification, irrigated and nonirrigated land 
capability classification, and hydric rating.

Hydric Soil List - All Components (Map Robinson)

This table lists the map unit components and their hydric status in the survey area. 
This list can help in planning land uses; however, onsite investigation is 
recommended to determine the hydric soils on a specific site (National Research 
Council, 1995; Hurt and others, 2002).

The three essential characteristics of wetlands are hydrophytic vegetation, hydric 
soils, and wetland hydrology (Cowardin and others, 1979; U.S. Army Corps of 
Engineers, 1987; National Research Council, 1995; Tiner, 1985). Criteria for all of 
the characteristics must be met for areas to be identified as wetlands. Undrained 
hydric soils that have natural vegetation should support a dominant population of 
ecological wetland plant species. Hydric soils that have been converted to other 
uses should be capable of being restored to wetlands.

Hydric soils are defined by the National Technical Committee for Hydric Soils 
(NTCHS) as soils that formed under conditions of saturation, flooding, or ponding 
long enough during the growing season to develop anaerobic conditions in the 
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upper part (Federal Register, 1994). These soils, under natural conditions, are 
either saturated or inundated long enough during the growing season to support the 
growth and reproduction of hydrophytic vegetation.

The NTCHS definition identifies general soil properties that are associated with 
wetness. In order to determine whether a specific soil is a hydric soil or nonhydric 
soil, however, more specific information, such as information about the depth and 
duration of the water table, is needed. Thus, criteria that identify those estimated 
soil properties unique to hydric soils have been established (Federal Register, 
2002). These criteria are used to identify map unit components that normally are 
associated with wetlands. The criteria used are selected estimated soil properties 
that are described in "Soil Taxonomy" (Soil Survey Staff, 1999) and "Keys to Soil 
Taxonomy" (Soil Survey Staff, 2006) and in the "Soil Survey Manual" (Soil Survey 
Division Staff, 1993).

If soils are wet enough for a long enough period of time to be considered hydric, 
they should exhibit certain properties that can be easily observed in the field. These 
visible properties are indicators of hydric soils. The indicators used to make onsite 
determinations of hydric soils are specified in "Field Indicators of Hydric Soils in the 
United States" (Hurt and Vasilas, 2006).

Hydric soils are identified by examining and describing the soil to a depth of about 
20 inches. This depth may be greater if determination of an appropriate indicator so 
requires. It is always recommended that soils be excavated and described to the 
depth necessary for an understanding of the redoximorphic processes. Then, using 
the completed soil descriptions, soil scientists can compare the soil features 
required by each indicator and specify which indicators have been matched with the 
conditions observed in the soil. The soil can be identified as a hydric soil if at least 
one of the approved indicators is present.

Map units that are dominantly made up of hydric soils may have small areas, or 
inclusions, of nonhydric soils in the higher positions on the landform, and map units 
dominantly made up of nonhydric soils may have inclusions of hydric soils in the 
lower positions on the landform.

The criteria for hydric soils are represented by codes in the table (for example, 2). 
Definitions for the codes are as follows:

1. All Histels except for Folistels, and Histosols except for Folists.
2. Soils in Aquic suborders, great groups, or subgroups, Albolls suborder, 

Historthels great group, Histoturbels great group, Pachic subgroups, or Cumulic 
subgroups that:
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
B. Show evidence that the soil meets the definition of a hydric soil;

3. Soils that are frequently ponded for long or very long duration during the 
growing season.
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
B. Show evidence that the soil meets the definition of a hydric soil;

4. Map unit components that are frequently flooded for long duration or very long 
duration during the growing season that:
A. Based on the range of characteristics for the soil series, will at least in part 

meet one or more Field Indicators of Hydric Soils in the United States, or
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B. Show evidence that the soil meets the definition of a hydric soil;

Hydric Condition: Food Security Act information regarding the ability to grow a 
commodity crop without removing woody vegetation or manipulating hydrology.

References:
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of hydric soils in the United States. 

Custom Soil Resource Report

41



Report—Hydric Soil List - All Components (Map Robinson)

Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

DocB: Downer sandy loam, 2 to 5 
percent slopes, Mid-Atlantic 
Coastal Plain

Downer 70-100 Knolls,flats No —

Galestown 0-10 Flats,low hills No —

Hammonton 0-10 Broad interstream 
divides,flats

No —

Ingleside 0-10 Flats,broad 
interstream divides

No —

DocC: Downer sandy loam, 5 to 10 
percent slopes, Mid-Atlantic 
Coastal Plain

Downer 70-100 Fluviomarine 
terraces,flats,low 
hills,knolls

No —

Galestown 0-10 Fluviomarine 
terraces,flats

No —

Hammonton 0-10 Broad interstream 
divides,flats

No —

Ingleside 0-10 Fluviomarine 
terraces,flats

No —

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

Fallsington-Undrained 10-80 Swales,drainageways,
flats,depressions

Yes 2

Fallsington-Drained 10-30 Flats,depressions,swal
es

Yes 2

Marshyhope 0-10 Depressions,flats,drain
ageways

No —

Woodstown 0-10 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,drainageways No —

Othello 0-10 Flats,depressions,swal
es,drainageways

Yes 2

FgcA: Fallsington loams, 0 to 2 
percent slopes, Mid-Altlantic 
Coastal Plain

Fallsington-Undrained 10-80 Drainageways,flats,de
pressions,swales

Yes 2

Fallsington-Drained 10-40 Flats,depressions,swal
es

Yes 2

Hammonton 0-15 Flats,drainageways No —

Woodstown 0-15 Flats,fluviomarine 
terraces,depression
s,broad interstream 
divides

No —

Othello 0-15 Depressions,swales,dr
ainageways,flats

Yes 2

Marshyhope 0-10 Depressions,flats,drain
ageways

No —
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Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

HnA: Hammonton sandy loam, 0 to 
2 percent slopes

Hammonton 70-85 Flats,drainageways,de
pressions

No —

Hurlock-Drained 2-15 Depressions,swales,fl
ats

Yes 2

Ingleside 0-10 Flats,fluviomarine 
terraces

No —

Klej 0-10 Flats,depressions No —

Rosedale 0-10 Flats No —

LO: Longmarsh and Indiantown 
soils, frequently flooded

Longmarsh 10-70 Flood plains Yes 2,3

Indiantown 10-70 Flood plains Yes 2,3

Zekiah 2-15 Flood plains Yes 2,3

Klej 0-10 Flats No —

Manahawkin 0-10 Swamps,flood plains Yes 1,3

RdA: Reybold-Queponco complex, 
0 to 2 percent slopes

Reybold 25-60 Flats,interfluves No —

Queponco 20-60 Flats,swales No —

Unicorn 2-25 Flats,swales No —

Matapeake 2-10 Rises No —

ReA: Reybold silt loam, 0 to 2 
percent slopes

Reybold 65-100 Interfluves,flats No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Unicorn 2-10 Flats,swales No —

Queponco 0-10 Flats,swales No —

ReB: Reybold silt loam, 2 to 5 
percent slopes

Reybold 65-100 Flats,interfluves No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Queponco 0-10 Flats,swales No —

Unicorn 2-10 Flats,swales No —

ReC: Reybold silt loam, 5 to 10 
percent slopes

Reybold 65-100 Flats,interfluves No —

Sassafras 5-25 Flats,knolls No —

Matapeake 2-15 Flats No —

Queponco 0-10 Flats,swales No —

Unicorn 2-10 Flats,swales No —

SacB: Sassafras sandy loam, 2 to 
5 percent slopes, Mid-Atlantic 
Coastal Plain

Sassafras 70-100 Flats,fluviomarine 
terraces

No —

Ingleside 0-10 Flats No —

Custom Soil Resource Report

43



Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

Woodstown 0-10 Fluviomarine 
terraces,broad 
interstream 
divides,depressions,
flats

No —

Downer 2-15 Knolls,low hills,flats No —

SacC: Sassafras sandy loam, 5 to 
10 percent slopes, Mid-Atlantic 
Coastal Plain

Sassafras 70-100 Flats,fluviomarine 
terraces

No —

Ingleside 0-10 Flats No —

Woodstown 0-10 Fluviomarine 
terraces,broad 
interstream 
divides,depressions,
flats

No —

Downer 2-15 Knolls,low hills,flats No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —

Fallsington 0-20 Drainageways,depress
ions,swales,flats

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Flats,depressions,swal
es,broad interstream 
divides

No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —

Fallsington-
Occasionally 
ponded

0-20 Drainageways,depress
ions,swales,flats

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Flats,depressions,swal
es,broad interstream 
divides

No —

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

Woodstown 70-90 Fluviomarine 
terraces,depression
s,broad interstream 
divides,flats

No —

Hammonton 0-10 Flats,broad 
interstream divides

No —
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Hydric Soil List - All Components–DE003-New Castle County, Delaware

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

Fallsington 0-20 Drainageways,flats,de
pressions,swales

Yes 2

Hambrook 0-10 Fluviomarine 
terraces,flats

No —

Mattapex 0-10 Swales,broad 
interstream 
divides,flats,depress
ions

No —
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1.  PURPOSE

The purpose of these guidelines is to provide information regarding the State of Maryland's
coordinated approach to the land application of municipal wastewater. Major emphasis is placed on site 
selection and evaluation, and the procedures followed in processing applications for land-treatment
systems regulated by State Groundwater Discharge Permits.  The criteria presented in the guidelines apply 
primarily to municipal wastewaters.  However, these criteria may also be helpful to individuals involved 
in the development of land-treatment systems for the treatment and disposal of other organic wastewaters.
All criteria reported in this manual are subject to exception, and changes will be considered on a case-by-
case basis.  Deviation from the criteria reported herein must be discussed with the Maryland Department
of the Environment prior to the incorporation of the deviations into written documents such as Facilities 
Plans or design processes. 

This document is not intended to function as a "cookbook" for design engineers, nor is it intended 
to suppress the state-of-the-art by enacting overly restrictive guidelines.  It is, however, intended to 
function as a guide for private developers or municipalities and their consultants.  In summary, it is hoped 
that the guidelines will expedite the implementation of land-treatment systems, where appropriate, while 
safeguarding the integrity of surface and groundwaters of the State. 

2. INTRODUCTION

Ever since the first community was established, man has had to face the problem of regional waste
disposal in one form or another.  In the past, surface waters provided a means of disposal.  The relatively 
large volume of surface water usually contained in rivers located adjacent to the communities diluted the 
discharged wastes and transported them away from the point (or points) of entry. 

As the communities grew into towns and towns into cities, the volume of wastes requiring
disposal grew accordingly.  The increased waste load exerted an ever-increasing stress on the surface 
waters to assimilate this waste.  In many waterways throughout the United States and other parts of the 
world, the assimilative capacity has been exceeded, producing in many cases, a state of accelerated 
eutrophication.

Along with man's increasing numbers has come both a more thorough understanding of his 
environment and significant technological advances.  Sewage treatment plants are now capable of 
producing effluent of a much higher quality than ever before.  Unfortunately, as the level of treatment 
increases, so does the cost.  From a water-resources management standpoint, discharging treated 
municipal wastewater directly into surface waters has two major disadvantages.  First, although treated 
and disinfected, most wastewaters contain relatively high levels of nitrogen, phosphorous, and organics in 
various forms.  Unless advanced treatment is performed, these constituents contribute to the eutrophic 
progression of the receiving waters. Second, the waters collected in a particular basin are typically used 
by a municipality located within that basin and transported to a sewage treatment plant also located within 
that basin.
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However, once the sewage is treated, it is discharged into a surface waterway and removed from 
the basin.  Consequently, the water supply basin is never recharged by water collected within that basin
and must rely entirely upon natural rainfall for recharge. 

An alternative method of wastewater treatment and disposal has been used for at least a century, 
although only recently to any significant degree.  This alternative is referred to as land application.  The 
technique involves the application of treated wastewater to the land surface in any of several methods.
The three most common methods of application are: 1) spray irrigation, 2) overland flow, and 3) rapid 
infiltration.  Through the physical, chemical, and biological mechanisms operating in the soil, several 
important benefits can be obtained by using land [treatment] application.  The three most important
benefits are: 1) the concentrations of BOD, total suspended solids, bacterial and viral organisms, as well 
as the nutrients responsible for the acceleration of eutrophication are all greatly reduced as the wastewater 
infiltrates and percolates through the soil profile; 2) the nutrients removed by the soil can be available to 
support or increase the growth of vegetation occupying the site; and 3) the renovated wastewater 
percolates through the soil profile and recharges the groundwater system.

Based upon studies conducted by universities and government agencies, land application has 
proven to be both a feasible and an effective method of renovating and recycling wastewater.  So wide has 
been its acceptance that the Environmental Protection Agency, through amendments PL 92-500 and PL 
95-217 to the Federal Water Pollution Control Act, has required that land application be evaluated during 
the waste treatment Facilities Planning stage. On October 1, 2002, Section 9-303.1 of the Annotated Code 
of Maryland became effective.  It stipulates that the Department shall encourage the use of reclaimed 
water as an alternative to discharging wastewater effluent into surface waters and authorizes the 
Department to establish buffer and setback requirements for the use of reclaimed water. These measures
are not intended to force municipalities into using land application techniques, but are intended more to 
insure that techniques aimed at recycling and reuse of wastewater receive appropriate attention. To
promote the reuse of reclaimed water, the Department amended the guidelines in 2009 to include the 
irrigation of highly treated Class III effluent in the non-restricted public access areas including parks, play 
grounds, school yards, cemeteries, highway landscapings and other green open spaces. Similar to Classes 
I and II effluent shown in Table 1, a State Groundwater Discharge Permit/ General Permit is required for 
irrigating Class III effluent.

In accordance with COMAR 26.08.04.02 entitled “Requirements for the Issuance and Reissuance
of Discharge Permits,” the Department may issue or reissue a discharge permit to a sewage treatment
works if the treatment works and the sewerage systems, including the pumping stations, are in compliance
with the approved county water and sewerage plan (Plan) adopted under Environment Article, Title 9, 
Subtitle 5, Annotated Code of Maryland.  For a community or multi-use sewerage system using any class 
of effluent for land application of treated wastewater, the sewerage system will be considered in 
compliance with the Plan if that plan specifically identifies the wastewater treatment plant and its 
capacity, and identifies the area to be served by it as S-1 or S-2 (as defined in COMAR 26.03.01.04G(2)), 
and the project is otherwise in compliance with the Plan.  This requirement shall not apply if a facility is 
not required by State and County law to be included in the county’s water and sewerage plan. 
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3. REQUIREMENTS FOR LAND APPLICATION

Basically, there are two types of requirements for land application/reuse of municipal and 
agricultural wastewaters: pre-application treatment and site requirements.

Pre-application treatment requirements pertain to the quantity and quality of the effluent or treated 
wastewater that is to be applied to the land.  The wastewater constituents of most importance to land 
application are BOD (biochemical oxygen demand), SS (suspended solids), pH, total and fecal coliforms,
dissolved salts, and nitrogen compounds.  Generally, these constituents, more than any others, determine
how effective land application will be in renovating wastewater and what effect the wastewater will have 
on the soils and ultimately the groundwaters of the state. 

Site requirements are expressed in terms of geologic, soil, and hydrologic characteristics that have 
a direct or indirect influence on the ability of a site to renovate and recycle wastewater.  All three
characteristics are interrelated and are at least as important as effluent requirements in affecting the
success or failure of a land-treatment system.  For each type of land application, there exists an optimum
geology-soils-hydrology scheme or combination.  A scheme that works well for one type of land 
application may not work at all for another type. 

In the following sections, each of the major types of land application will be discussed along with
the important effluent and site requirements that must be satisfied to ensure its effectiveness as a treatment
process.  These land application types are slow rate, overland flow and rapid infiltration. For protecting 
the public health and groundwater quality, wastewater must be pretreated to meet the effluent quality 
requirements prior to land application. The minimum pre-application treatment requirements for all land 
application systems are shown in Table 1. In areas where site characteristics are marginal for land 
application, the effluent requirements shown in Table 1may be more strigent. The effluent sampling
location is typically located after the pre-treatment process but prior to the land application system. For a 
land application system with a storage pond, effluent may be sampled prior to discharging to the storage 
pond. Table 2 is located at the end of the section and contains a summary of the site requirements for the 
major types of land application. 

3.1, Slow Rate

The term "slow rate" applies to all systems that uniformly apply treated wastewater to the surface 
of the receiving site with the understanding that the wastewater will infiltrate into and percolate through
the soil profile.  Once the wastewater enters the soil, one of four consequences will be realized: (1) it will 
eventually return to the surface through capillarity and be lost to evaporation, (2) it will be taken up by 
plant roots and be lost to transpiration, (3) it will be stored within the soil and produce a change in soil 
moisture, or (4) it will percolate downward until the groundwater table is encountered.  As the wastewater 
moves through the soil, most of the organic and inorganic constituents are removed, some of which will 
be decomposed and taken up by plants while others will be immobilized within the soil matrix.

3.1.1. Examples of slow-rate systems 

1. piped irrigation 
a. spray irrigation 
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b. bubbling pipe irrigation 
c. drip irrigation 

2. open channel irrigation 
a. ridge and furrow 
b. flooding 

. For slow rate systems, the guidelines recognize three levels of pre-application treatment as shown 
in Table 1. there are three classes of effluent quality. Class I with a moderate effluent quality is likely 
achievable by a lagoon or secondary biological treatment systems. Irrigation with Class I effluent requires 
a larger buffer zone than Class II and Class III which have higher effluent qualities.

Table 1.  Minimum Pre-Application Treatment Requirements for Various Land Application Systemsa

Parameter Slow Rate Overland Flow Rapid Infiltration
Class I Class II Class III

5 day - 
Biochemical
Oxygen Demand
(monthly average) 

70 mg/l 10 mg/l 10 mg/l 70 mg/l Case by case

Suspended Solids 
(monthly average) 
or Turbidity
(NTU) (continuous 
monitoring)

90 mg/l 10 mg/l 2 NTU (daily 
average)

Not to exceed 5 
NTU at any time

90 mg/l Case by case 

Fecal Coliform a

(MPN per 100 mL;
monthly geometric
mean)

200
3 (golf 
courses)

3 2.2 200 Case by case 

pH 6.5 - 8.5 6.5-8.5 6.5-8.5 6.5 - 8.5 6.5-8.5

a Higher levels of treatment and disinfection may be required under certain conditions such as a 
land application site located in a well head protection area with a significant amount of rock 
fragments in the soil. 

3.1.2. Site requirements for slow-rate systems

3.1.2.1. Soils

1. minimum of four 4 feet depth to groundwater or bedrock, except on the Eastern Shore 
where a minimum of 2 feet should exist between the soil surface and the groundwater 
table.

2. moderately slow to moderately rapid permeability (0.2 to 6 inches per hour) in the most 
restrictive soil horizon. 

3. U.S.D.A. textures ranging from clay loams to sandy loams.
4. moderately well to excessively well drained. 
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3.1.2.2. Slopes

Slopes not to exceed 15% on cultivated lands and 25% on uncultivated (forested) lands. For 
underground drip irrigation systems, higher sloped areas may be acceptable, if system installation is 
feasible and seepage at lower elevations can be eliminated.

3.1.2.3. Vegetation

A complete vegetational cover is required.  It can be natural, as in the case of forest, or it can be 
planted, as in the case of cultivated fields. 

3.1.2.4  Buffer

Class I  Effluent

For irrigating Class I Effluent with water quality defined in Table 1, a minimum buffer 
zone of 200 feet shall be provided between the wetted perimeter of spray irrigation areas and 
property lines, waterways, roads, etc. For residential properties, parks, and other areas where 
people congregate, a 500-foot buffer between the wetted perimeter and structures on these 
properties shall be provided.  A reduction of these buffer zone widths by up to 50% will be
considered where it is demonstrated that an adequate windbreak will be provided to prevent spray
from carrying beyond the irrigation area.

Class II Effluent

For irrigating Class II Effluent with water quality defined in Table 1, the buffer zone 
widths shall be 25 feet from property lines, housing structures, public roads and streams, 50 feet 
from schools and playgrounds, and 100 feet to potable wells and water intakes.

Class III Effluent

For irrigating Class III Effluent with water quality defined in Table 1, a minimum buffer 
zone of 100 feet shall be provided between the wetted perimeter of the irrigation areas and potable 
wells and water intakes. A minimum buffer zone of 100 feet shall be provided between the wetted 
perimeter of the irrigation areas and outdoor licensed public eating, drinking and bathing facilities.

Other Types of Slow Rate Systems

Slow rate systems not generating aerosols, such as a drip irrigation system and a ridge and 
furrow system, will have a minimum buffer zone of 50 feet from property lines, housing structures 
and public roads, and 100 feet to potable wells and streams.
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3.1.2.5  Storage

A means for wastewater storage must be provided at each slow rate system to accommodate flows 
generated during those periods when the treated wastewater cannot be applied to the land.  Since climatic
influences vary geographically, storage capacity requirements will be dependent upon the location of the 
system.  However, a minimum of 60 days storage should be provided for all spray irrigation systems
receiving wastewater flows throughout the year. A minimum of 30 days storage should be provided for all 
underground drip irrigation systems receiving wastewater throughout the year.  The Department will 
consider varying these presumptive storage  requirements where Class III effluent is directly transmitted
from a wastewater treatment plant for irrigation to meet vegetation water demand  and an alternative 
means of discharge is available for periods when land apploication is not feasible.

3.1.2.6  Reserved Area

For a spray irrigation system, a reserved area of 25% of the total wetted field area shall be 
provided to maintain adequate capacity for wastewater disposal in the event that initial irrigation area is 
determined to be inadequate to meet the application needs.. For an underground drip irrigation system, a 
reserved area of 100% of the total wetted field area shall be provided. For Class III Effluent irrigation, no 
reserve area and no groundwater monitoring are required if the irrigation rate is equal to or less than the 
consumptive demand of the vegetation and adequate storage and/or alternative means of discharge is 
provided.

3.1.3. Application rates and loading cycles

The application rate or hydraulic-loading rate of a given system is dependent upon both the 
effluent and site characteristics.  However, application rates for slow-rate systems generally range 
between 0 and 2 inches per week on an annual average basis.  Slow-rate systems generally operate on a 
one-day load, six-day rest cycle. To determine the application rate suitable to the soil type at the proposed 
site, infiltration tests should be conducted. Infiltration tests should be conducted by using the Double-
Ring Infiltrometer Method or the Basin Infiltration Method outlined in the Appendix A. The application 
rate shall not be greater than 4% of the steady infiltration rate measured from the Double- Ring 
Infiltrometer or shall not be greater than 10% of the steady infiltration rate measured from the Basin 
Infiltration test. Other infiltration test methods comparable to the above two methods may be acceptable 
upon approval by the Department.

3.1.4. Additional Class III Effluent Irrigation Requirements

1. Irrigation of Class III effluent on fruit and vegetables not commercially processed, including crops 
eaten raw, is prohibited. 

2. Vegetation water demand varies with type of vegetation to be irrigated. The applicant shall submit
vegetation water demand data with the discharge permit application to MDE. If irrigation of Class 
III effluent in the non-restricted public access areas is to meet the vegetation water demand only, 
no hydrogeological investigation of the proposed site is necessary.. If the irrigation rate of Class 
III effluent is greater than the vegetation water demand, the applicant shall conduct a 
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hydrogeological study or an irrigation pilot study to ensure that the irrigation rate will not cause 
persistent surface runoff, ponding, and contributions of nutrients or other health concerned 
chemicals to groundwater. 

3. Irrigation of Class III effluent on bare soil is prohibited except for providing adequate moisture for 
seed germination in the seeding area. The irrigation area shall be planted with healthy vegetation
cover. Irrigation on high water table or saturated soils which cause persistent surface runoff and 
ponding is prohibited. 

4.  “Reclaimed Water, Do Not Drink” signs shall be posted in the irrigation area to inform the public 
about irrigation of treated wastewater. A sign shall be posted at each entrance to the site and 
visible to the public with a size greater than 4 inches in height and 8 inches in width. Purple shall 
be the prominent color of the sign. 

3.2  Overland Flow

The term "overland flow" applies to all systems that uniformly apply wastewater through the use 
of pipes or surface trenches to the sloped surface of the receiving site with the understanding that the 
wastewater will move laterally along the surface of the soil and be collected at the lowest point along the 
travel by drainage tile, surface trenches, or other collection structures.  After collection, the renovated
wastewater is recycled through the overland system a second time, or discharged directly into surface 
water, or land applied.  The wastewater is renovated by physical, chemical, and biological processes 
present at the soil-vegetation interface as it flows in a thin film down the relatively impermeable slope. 

Minimum pre-application treatment requirements for overland flow systems are given in Table 1.

3.2.1 Site requirements for overland-flow systems

3.2.1.1 Soils

1. minimum of 6 to 12 inches in depth. 
2. very slow to moderately slow permeability (0.06 to 0.2 inches per hour). 
3. U.S.D.A. textures ranging from clays to heavy clay loams.

3.2.1.2. Slope

Slopes should range from a minimum of 2% to a maximum of 8%. 

3.2.1.3. Vegetation

A complete vegetational cover is required.  It can be natural, as in the case of forest, or it can be 
planted, as in the case of cultivated fields. 

3.2.1.4. Buffer

All types of overland flow systems should be surrounded by a minimum buffer zone of 50 feet. 
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3.2.1.5 Storage

A means of wastewater storage must be provided at each land-treatment system to accommodate
flows generated during those periods when the treated wastewater cannot be applied to the land (e.g., 
frozen soil conditions, rain storms, etc.).  Since climatic influences vary geographically, storage capacity 
requirements will be dependent upon the location of the system.  However, a minimum of 60 days storage
must be provided for all systems receiving wastewater flows throughout the year. 

3.2.1.6 Reserved Area

Same as slow-rate system.

3.2.2. Application rates and loading cycles

The application rate or hydraulic loading rate of a given system is dependent upon both the 
effluent and site characteristics. Typical application rates for overland flow systems range from 2.5" to 8" 
per week for secondary effluent.  Loading cycles for overland-flow systems generally range from 6 to 8 
hours on and 16 to 18 hours off, for 5 to 6 days per week, depending upon the time of year.

3.3  Rapid Infiltration

The term "rapid infiltration" applies to all systems that apply wastewater through the use of 
excavated and/or bermed structures to subsurface soils under a positive hydraulic head with the 
understanding that the applied wastewater will move in a predominately vertical direction through the soil 
until the groundwater table or bedrock is encountered.  The wastewater is renovated by physical, 
chemical, and biological processes present in the soils through which it moves.  In rapid-infiltration
systems, over 90 percent of the wastewater applied eventually reaches and recharges the groundwater.
The remainder is lost to evaporation or is stored in the soils beneath the structure and above the 
underlying groundwater table. 

 As shown in Table 1, the pretreatment requirements for the rapid infiltration system are 
determined on a case- by -case  basis depending on infiltration rate, water table depth and proximity to the 
drinking water source. 

3.3.1  Site requirements for rapid-infiltration systems

3.3.1.1.Soils
1. a minimum of 10 feet of unsaturated soil between the bottom of the infiltration pond and 

the underlying groundwater or bedrock. 
2. moderately rapid to very rapid permeability (2.0 to 20 inches per hour). 
3. U.S.D.A. textures ranging from sandy loams to sands. 

3.3.1.2. Buffer
All types of rapid infiltration systems should be surrounded by a minimum buffer zone of 50 feet. 
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3.3.1.3. Reserved Area

Same as slow-rate system.

3.3.2  Application rates and loading cycles

The application rate or hydraulic loading rate of a given system is dependent upon both the 
effluent and site characteristics. In general, application rates for standard rapid infiltration systems range 
from 5 to 100 inches per week.  The systems are typically loaded for 1 to 2 days then allowed to rest for 1 
to 14 days, depending upon the hydraulic conductivity of the soils and the depth to groundwater. 
Determination of application rate is the same as slow-rate system described in the previous section.

Table 2.    Summary of Site Requirements for Various Types of Land Application Processes.

Land-Application Processes 
Site Requirements 

Slow Rate Overland Flow Rapid Infiltration 
Soils
    Depth to 
Groundwater

4 ft. min. Not Critical 10 ft. min. (standard) 

2 ft. min. (Eastern Shore) 
    Permeability mod. slow to mod. rapid very slow to mod. slow mod. rapid to very rapid 
    USDA Texture Class clay loam to sand loam clay to heavy clay loam sandy loam to sand 
Slopes 15% max. for cult. 2-8% --

25% max. for uncult. 
Buffer Requirements

    to property lines, 
roads, etc. 

Class I effluent: 200 ft. for 
spray, 50 ft. for drip;
Class II effluent: 25 ft; 
Class III effluent: no 
buffer required 

50 ft. 50 ft. 

    to buildings

Class I effluent: 500 ft. for 
spray, 50 ft. for drip;
Class II effluent: 25 ft; 
Class III effluent: 100 ft to 
licensed public eating, 
drinking and bathing
facilities

50 ft. 50 ft. 

to  potable wells and
water intakes

100 feet 100 feet 100 feet 

Storage

60 days min. for spray
irrigation and 30 days for
drip irrigation, No storage 
is required for irrigating 
Class III effluent in 
meeting vegetation 
demand and alternative 
discharge is available
during inclement weather

-- --

Annual Average 0-2 in./week 2.5-16 in./week 5-100 in./week
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Land-Application Processes 
Site Requirements 

Slow Rate Overland Flow Rapid Infiltration 
Application Rates 

Loading Cycles 1 day load, 6 days rest 
6-8 hrs. load, 16-18 hrs.
rest

1-2 days load, 1-14 
days rest 
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4. STATE AND COUNTY COORDINATED APPROACH TO LAND APPLICATION

Systems involved in the land application/reuse of municipal wastewater fall within the 
administrative jurisdiction of the Maryland Department of the Environment.  In addition, each county 
government has the responsibility of evaluating any new development with respect to incorporation of the 
new development into their Ten-Year Comprehensive Water and Sewerage Plan. State processing of a 
groundwater discharge permit application for a new development project will not be started until the 
development project is incorporated into the approved County Water and Sewerage Plan as indicated in 
the “Introduction” section of this document.

The Maryland Department of the Environment regulates the development and operation of land-
application systems through the Groundwater Discharge Permit Program and regulates the design, 
funding, and installation of land-application systems through the MDE Wastewater Construction Permit
Program.

A hypothetical situation has been developed to clarify the procedures involved in obtaining State 
and County authorization for the development, design, installation, and operation of land-application 
systems.  The following example applies to both privately and publicly owned facilities. 

A community has increased in size to such a point that their sewage treatment plant, which 
ultimately discharges into a nearby river, can no longer handle the increased flows.  Consequently, the 
community is faced with an expansion and possible upgrading of their treatment facility.  An engineering 
consultant is employed by the community to develop a Facilities Plan for the new sewage treatment plant.
An important phase of the Facilities Plan is to investigate and evaluate the feasibility and cost 
effectiveness of land application as an alternative to surface discharge.  The following is an outline of the 
major steps to be followed by the consultant and community planners: 

Step Action
1. Contacts State (Maryland Department of the Environment) and local agencies

for information regarding land-application systems.
2. Acquires soils information from Soil Conservation Service and other pertinent 

information necessary to identify prospective land-application sites. 
3. Acquires necessary permission from appropriate landowners for site 

evaluations.
4. Sends a letter to the Maryland Department of the Environment requesting a 

site evaluation.  The letter includes the following: 
a.  map(s) of proposed area(s) in scale of 1 inch equals 200 feet or larger scale; 
b.  project flows; 
c.  acreage of site(s); 
d.  proposed application rate(s). 

5. Sets up preliminary site visit.  The Project Manager request that a backhoe be 
available for preliminary site evaluation (at applicants expense).  Based upon 
outcome of preliminary site evaluation, the Project Manager will make one of 
three recommendations: 1) that site is acceptable; 2) that site is conceptually
acceptable, but a more detailed hydrogeologic study must be completed (at 
applicants expense); or 3) that site is not acceptable for land application. An 
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Step Action
outline for the comprehensive hydrogeologic study can be found in Appendix 
B.  The detailed study is conducted by a qualified consultant chosen by the 
applicant.

6. If conceptual approval is given for a particular site by the project manager, the 
applicant may proceed with a hydrogeologic study and addresses the items
outlined in Appendix B in a hydrogeological report.  At the same time, an 
application should be filed to appropriate County agencies for the inclusion of 
the project in the County Ten-Year Water and Sewerage Plan and any other 
appropriate planning and zoning programs.

7. Upon completion of a hydrogeologic study, the applicant shall forward a copy 
of the hydrogeologic report to the Department for review and approval. The
applicant may file a groundwater discharge permit application to the 
Department if the project is incorporated into the County Master Water and 
Sewerage Plan. If a public hearing is requested after publication of a tentative 
determination, the Department may schedule a hearing.  At the public hearing, 
all pertinent testimony, both for and against the permit, will be taken by the
hearing officer.  If information is presented at the hearing which indicates that 
the land application system will result in adverse effects on the environment or 
public health, the permit may be modified or canceled.  If no adverse 
information is presented, the permit will be finalized and issued, usually for a 
period of 5 years. 

8. After the applicant receives a State Groundwater Discharge Permit,
appropriate applications should be made to the Maryland Department of the 
Environment for a State Construction Permit.

The preceding procedure will be followed whether it be in relation to a waste treatment Facilities 
Plan (as in the above hypothetical situation), an investigation resulting from an enforcement action taken 
against a violator unable to meet State Surface Water Discharge Permit requirements, a new privately 
owned development, or any other application for a permit to discharge wastewaters into the groundwater 
of the State via land application. 

The comprehensive outline for the hydrogeologic study (given in Appendix B) is presented as a 
guide.  The actual information that will be requested in the detailed study for any given project will 
depend upon the volume of wastewater, and the effluent and site characteristics of the project. 

Two important parameters of any land-application system are the water and nutrient balances.
The major components of a water balance are natural precipitation wastewater loading, and surface 
runoff.  An example of the calculation of a water balance is given in Appendix C.

In some land-application systems, the nutrient input and not the hydraulic input is the deciding 
factor as to whether the system will have a detrimental effect on the environment.  Nitrogen generally
seems to be the most limiting nutrient with respect to groundwater quality.  For this reason, an example of 
a nitrogen balance is given in Appendix D. To meet the drinking water standard of nitrate, a 10 mg/l
nitrogen concentration in the percolate should be used for nitrogen balance calculations. However, 
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groundwater discharge that may impact impaired surface water body, the Department will determine the 
nitrogen input from the percolate on a case by a case basis.

There are many different methods used to calculate both water and nitrogen balances.  Those 
described in the Appendices are two of the more common methods.

Besides water and nitrogen balances, where a land application system receives wastewater 
containing heavy metals from industrial discharges, a study to evaluate the potential impact of heavy 
metal discharge on groundwater quality must be conducted. 
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5. GROUNDWATER QUALITY MONITORING REQUIREMENTS

5.1   Monitoring Networks:

One of the basic or prime objectives of a monitoring program is to detect existing groundwater 
degradation caused by disposal of municipal wastewater.  Where a potential for contamination exists, an 
assessment of the problem must be made to determine control strategies for a particular disposal site.
Groundwater monitoring will play an important part in assessing and providing long-term verification of 
the integrity of the system.

5.2  Monitoring Design:

The following data should be carefully evaluated in designing a monitoring network: 1) 
groundwater flow direction; (2) location of nearby private wells; (3) subsurface geology including the 
hydraulic conductivity and porosity of each soil and rock formation; (4) present or future effects of 
domestic or commercial pumping on the flow system; and (5) existing groundwater quality.  The existing 
groundwater quality would serve as a basis for later comparison.  Analysis should include dissolved 
solids, nitrate, total phosphorus, and total nitrogen, depending on the chemical composition of waste. 

5.3   Numbers of Monitoring Wells:

To detect groundwater contamination, a monitoring-well network should consist of the following: 

(1) At least two wells, adjacent to the Property line downgradient from the disposal site, which are 
screened from the seasonally high groundwater table downward 15 feet. 

(2) Monitoring wells (at least one) completed in an area upgradient from the disposal site so that it 
will not be affected by potential contaminants.

5.4   Specifications for Installation of Groundwater Monitoring Wells

Each monitoring well must be constructed utilizing 4" I.D., schedule 40, PVC pipe or casing 
satisfactory to the Department.

All related permits must be obtained before wells are installed by a well driller licensed by the 
State of Maryland in accordance with all laws and regulations. 

The well shall be gravel packed to at least five feet above the top of the screen unless multiple 
aquifers are affected. 

The screened interval must consist of at least 15 feet of schedule 40, 4" (103 mm), slotted PVC 
well screen.

Wells must penetrate a minimum of 15 feet below the groundwater table. 
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The well shall be continuously pressure grouted from top of gravel pack to ground surface.  The 
well shall also be developed and disinfected prior to sampling according to Maryland well construction
regulations, COMAR 26.04.04. 

A copy of the well completion report must be submitted to the Maryland Department of the 
Environment.

5.5   Additional Monitoring:

Whenever the original monitoring network indicates groundwater degradation, steps must be taken 
to determine cause and if necessary the corrective measures taken.  These measures may include
construction of additional wells to determine lateral and vertical extent of contamination direction, rate of 
movement, dilution and attenuation, etc.  Further quantitative studies can be performed to determine the 
exact nature of contamination.  These studies will aid in determining the proper corrective measures
needed to abate the problem.

5.6  Sampling Techniques:

The primary concern in sample withdrawal methods is to obtain a representative sample of 
groundwater.  Stagnant water shall be removed so that the sample collected is fresh.  Normally three 
volumes of stagnant water are pumped out prior to taking samples.  Withdrawal methods may include 
pumps, compressor air, or boilers. 

To protect against collection of non-representative, stagnant-water sample withdrawal, the 
guidelines and techniques outlined in EPA's Procedures Manual for GW Monitoring at S.W. Disposal 
Facilities pp. 220-237 "Sample Withdrawal, Storage and Preservation" is helpful.  Other useful references 
for sample collection and preservation are also included in the references section. 

5.7  Monitoring Frequency:

Monitoring frequency for a disposal site may be influenced by a number of factors and thus will 
be addressed on a case-by-case basis through individual State groundwater discharge permits.

17



6. REFERENCES

1. Culp, R.L., G.M. Wesner, and G.L. Culp (1978). "Handbook of Advanced Wastewater
Treatment," Van Nostrand Reinhold Company.

2. Delaware Department of Natural Resources and Environmental Control (1981). "Field Manual for 
Ground Water Sampling," Dover, Delaware. 

3. Sopper, W.E. and L.T. Kardos (1973). "Recycling Treated Municipal Wastewater and Sludge 
through Forest and Cropland," pp. 479. The Pennsylvania State University Press, University Park 
and London. 

4. Stone, J.E. (1976) "Land Application of Wastes: Nitrogen Considerations". Module 15. 
Educational Program. Cornell University, New York State College of Agriculture and Life 
Sciences, Ithaca, New York. 

5. U.S. Environmental Protection Agency (1987), "Handbook, Ground Water", EPA 625/6-87/016. 

6. U.S. Environmental Protection Agency (2006) "Process Design Manual, Land Treatment of 
Municipal Wastewater Effluents," EPA 625/R-06/016 

18



APPENDICES

19



Appendix A

Methods for Soil Infiltration Test

(1). Double-Ring Infiltrometer Test

ASTM Standard D-3385 entitled "Standard Test Method for Infiltration Rate of Soils in Field 
Using Double-Ring Infiltrometer," ASTM International, www.astm.org.

(2). Basin Test  - Excerpted from U. S. E. P. A. “Process Design Manual – Land Treatment of 
Municipal Wastewater Effluents” EPA/625/R-06/016 (September, 2006). 

All infiltration tests should always be run at the actual locations and depths that will be used for
the operational system. This is especially important for SAT systems. Pilot-scale basin tests are 
strongly recommended. These should be at least 9.3 m2 (100 ft2) in area, located in the same soil 
zone that will be used in the full-scale system. Construction of the test basin should be done with 
the same techniques that will be employed full scale. The test basin should then be operated for 
several weeks using the same wet and dry cycles that are planned for full scale. A typical small-
scale pilot test basin is illustrated in Figure 3-12.

The number of test basins required will depend on the system size and the uniformity of the soils 
and topography. One will serve for relatively small systems with uniform soils. In larger systems a 
separate basin should be used for every major soil type, which may require one basin for every 2-4 
ha (5-10 acres) of total system area. When extremely variable conditions are encountered, the test 
basin should be full sized (0.4 to 1.2 ha or 1 to 3 acres) to insure reliability. If successful, it can 
then be incorporated into the operational system.

A smaller-scale basin type test has been developed by the U.S. Army Corps of Engineers (Abele et 
al., 1980). The purpose was to have a reproducible procedure with a larger surface area and zone
of influence than existing infiltrometers and permeameters. The test facility prior to flooding (note 
the cylinder infiltrometer in the right foreground) is illustrated in Figure 3-13. The metal ring is 
aluminum flashing and is 3 m (10 ft) in diameter. Installation details are provided in Figure 3-14 
and Figure 3-15.
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Figure 3-12. Small-scale Pilot Test Basin (Crites, et. al., 2000). 

Figure 3-13. U.S. Army Corps of Engineers (USACE) Basin Test. 
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Figure 3-14. Grove Preparation for USACE Test. 

Figure 3-15. Grove Preparation for USACE Test. 
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Tensiometers are used in the central part of the test area to insure that saturated conditions prevail during
the test period. One should be placed in each soil horizon. In soils lacking well-developed horizons, a 
uniform spacing down to about 0.6 m (2 ft) will be suitable. Following installation and calibration of the
tensiometers, a few preliminary flooding events are executed to achieve saturation. Evidence of saturation 
is the reduction of tensiometer readings to near zero through the upper soil profile. Then a final flooding 
event is monitored to derive a cumulative intake versus time curve.

Typical test results are illustrated in Figure 3-16. The "limiting" value of 6.35 mm/h (0.25 in./h) was 
selected for design in this case. 

Figure 3-16. Typical Test Results, USACE Infiltration Test. 
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Appendix B

Outline for Hydrogeologic Report

I. Site location and description 

A. Site location (provide maps with minimum scale of 1 inch equals 200 feet and a contour 
interval of no more than 5 feet) 

B. Areal extent of site (acres) 

C. Present land use

D. Future land use

II. Description of land-application techniques 

A. Degree. of wastewater treatment to be employed prior to land application (i.e. primary, 
secondary, lagoons, etc.) 

1. Wastewater quality before treatment
2. Wastewater quality after treatment

B. Volume of treated wastewater to be discharged (MGD) 

C. Land-application techniques employed (i.e. spray irrigation, overland flow, rapid infiltration, 
well injection, etc.) 

III. Geology, soils, and hydrology 

A. Geology of site and surrounding groundwater discharge area 

1. Rock or sediment types and formations
2. Depths to bedrock and thickness of weathered or unconsolidated material
3. Properties of bedrock and weathered or unconsolidated material
4. Structural features
5. Large-scale maps showing site characteristics 

a. Surficial geology
b. Depth to bedrock and/or thickness of surficial material expressed in terms of

contour lines 
c. Geologic cross-sections

6. Discussion of geologic materials and structural controls on the movement of infiltrating
waters and groundwaters and the renovation of applied wastewaters. 
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B. Soils 

1. Description of soil series present 
2. List of soil mapping units and a copy of USDA Soil Survey maps
3. Discussion of available soil characterization and Soil Survey data regarding the 

movement and renovation of infiltrating wastewater. 
4. Site-specific information from soil borings, test pits, etc. 

a. Depths of soils 
b. Textures of soils and substratum
c. Description of water-related soil characteristics

(1) Mottling 
(2) Perched Water

5. Large-scale maps (1 inch equals 200 feet or larger scale) with locations of all auger 
borings, test pits, etc. with corresponding logs 

6. Discussion of soil-materials control on the movement and renovation of applied 
wastewaters

C. Hydrology 

1. Regional climate
a. Monthly precipitation
b. Monthly temperature
c. Monthly evapotranspiration

2. Surface phenomena
a. Slope 
b. Vegetational cover type 
c. Description and location on suitable map of surface waters (ponds, lakes, streams,

springs, existing water wells, sinkholes, etc.) 
d. Description of erosion present 
e. Water-quality inventory of existing water wells within 1/4 mile of site 

3. Permeability of soils 
a. Infiltration capacity of surface soils 
b. Vertical hydraulic conductivity of subsurface soils 

4. Type of aquifer(s) present (refer to COMAR 26.08.02.09 Groundwater Quality 
Standards)

5. Develop hydrologic balance for proposed site considering ultimate fate and disposition 
of both natural precipitation and wastewater 

6. Maps showing highest and lowest depth to water table using both sea-level datum and 
land-surface datum (include groundwater flow lines on sea-level datum map)

7. Discuss groundwater mounding potential 
8. Develop nitrogen balance from discharge site to groundwater table 
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IV. Plan of operation for facility 

A. Application rates (inches per week and inches per hour) 

B. Loading rates

1. Wastewater 
2. Nitrogen 
3. Phosphorus 
4. BOD 
5. Suspended solids

C. Holding pond specifications 

D. Maintenance of land application area 

V. Monitoring-surveillance system

A. Observation wells

1. Number
2. Location 
3. Method of installation 

B. Surface water stations (ponds, lakes, streams)

1. Number
2. Location 
3. Method of sampling

VI. General comments

A. Summation of sites advantages and points of concern 

B. Overall summation of hydrogeologic report 

1. Will it work? 
2. For how long?
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Appendix C

Calculation of Hydrologic Balance

All hydrologic balances contain parameters which fall into one of two categories, supply or 
demand.  In order for an equation to express accurately a hydrogeologic balance, the sum of the water-
supply parameters must equal the sum of the water-demand parameters.  The following is an example of a 
simplified hydrologic balance applicable to a land-application system:

P + Lw = ET + GW + SM + RO 

where:
P = natural precipitation occurring on-site.  For design purposes, the wettest year in the last 10 

years of record should be used. 
Lw = amount of wastewater applied to site. 
ET = evapotranspiration losses from site. 
GW = amount of water entering groundwater system beneath site. 
SM = amount of moisture contained in soil profile on site. 
RO = amount of surface runoff flowing from site. 

In most land-application systems, surface runoff from the site is not permitted.  Consequently, the 
runoff term (RO) in the previous hydrologic balance is usually omitted.  Soil moisture changes, gains and 
losses, on an annual basis are thought to balance each other out.  Consequently, soil moisture (SM) from
year to year is considered relatively constant and, therefore, usually omitted from the hydrology equation. 

The precipitation and temperature data required for the hydrologic balance can be obtained from
regional climatological stations owned and operated by the Weather Bureau, U.S. Department of 
Commerce.  These climatic stations are established throughout the continental U.S., and the data 
published monthly.  The precipitation data (P) is directly used in the equation.  The temperature data, 
along with the precipitation data, is used to calculate the potential evapotranspiration term (ET) in the 
equation.  There are several methods commonly used to calculate potential ET.  Most of them can be 
found in basic hydrology texts. 

Estimating the wastewater application rate (hydraulic loading rate) of any land application system
is one of the most difficult steps in the design process.  The application rate is a function of the physical 
properties of the soil, depth to groundwater, and the nutrient balance of the site.  Traditionally, the 
application rate for slow-rate systems has been based upon annual precipitation information.  In most
places of the northeastern U.S., annual precipitation ranges between 35 and 45 inches.  Assuming that 
land application is performed during 9 months of the year, applying wastewater at a rate of 1 inch per 
week would approximately double the amount of water received by the site under natural conditions; 2 
inches per week would approximately triple the amount. 

Some scientists and engineers use the permeability of the soils to determine the wastewater 
application rate.  However, this technique can result in over-estimating the ability of the soil to transmit
the wastewater.  Research has shown that soil permeability decreases when wastewater is used in place of 
potable water.  Soil permeability has also been found to decrease over time, regardless of the water used.
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Just how much the permeability decreases over time is still open for discussion and depends upon a great 
many factors.  Some of the more important factors affecting soil permeability are the physical and 
chemical properties of the soil, the amount and chemical composition of the wastewater, the climatology
of the site, the vegetational cover type, and the management practices (e.g. crop harvesting) of the site.
Activities affecting any one or more of these factors could result in a change in soil permeability, thus the 
sites ability to accommodate the applied wastewater.

In the past, the maximum application rate for the most commonly used technique, slow-rate, has 
been set at 2 inches per week.  This rate was used in the research work conducted at Penn State University 
beginning in 1963 and continuing today.  Little information has been collected elsewhere which suggests 
a relaxation of this maximum.  In Maryland, an application rate of 2 inches per week is considered 
acceptable for soils ranging in texture from silt loams to sands.  Application rates less than 2 inches per 
week are considered necessary for soil ranging in texture from silty clay loams to silty clays. 

The actual application rate accepted by the Department of the Environment for any land-treatment
system must consider not only the permeability of the soils but also the depth to groundwater and the 
nutrient balance of the site. 

The groundwater term (GW) in the hydrologic balance is dependent upon the magnitudes of the 
precipitation, wastewater loading rate, and evapotranspiration terms.  It is one of the more difficult terms
of the balance to measure.  Consequently, if it is not predetermined by a management plan, it is calculated 
using the hydrologic balance in a "check-book" type procedure. 

The following example problem has been developed to demonstrate more fully the use of a 
hydrologic balance in a land-treatment system.  The information that is given would be typical of that 
known about a system in the preliminary planning stages. 

Example Problem

A small housing development located in Western Maryland has proposed a slow-rate land
application system.  The land-application system is to be responsible for handling only the municipal
wastewater generated by the development.  Several important hydrologic questions that need to be 
answered are: 1) what weekly application rate (loading rate) should be used, 2) how many acres of land 
will be required for the spray field, and 3) what is the total amount of water (wastewater plus
precipitation) that will enter the underlying groundwater system?

The following information is known about the land-application system:

a) The average daily wastewater flow is 100,000 gallons. 

b) The soils occupying the land application site are identified as Calvin channery loam.  There are 
no impermeable layers or fragipans present in the profile, and the permeability of the horizons 
range from 0.6 to 2.0 inches per hour. 

c) The site is and will continue to be used as pastureland.
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d) Spray irrigation will begin each year in March and continue through the month of November 
for a total period of 275 days.  Wastewater generated during the 90-day non-spray period will 
be held in a storage pond.  The weekly loading cycle will consist of a one-day spray followed 
by a six-day rest period. 

Question 1:

The soil present on the site is Calvin channery loam.  There is neither an impermeable layer 
present in the soil profile nor any shallow groundwater present.  Nutrient loading is not considered to be a 
problem.  In light of these facts, the maximum application rate of 2 inches per week is considered 
acceptable for the site.

Question 2:

In order to determine the number of acres needed for the land-application system, the following 
equation was used: 

HG36527154

FE365Q
A

where:
A = area in acres 
Q = flow in gallons per day 
E+F = loading cycle (loading plus rest periods) in days per week 
E = loading period in days per week 
F = rest period in days per week 
G = storage requirement in days per year 
H = application rate (loading rate) in inches per week 

Conversion factors: 
365 = days per year 
27154 = gallons per acre-inch 

Substituting the given information into the above equation yields:

kinches/wee2days/year90365inchgal/acre-27154

days/week61days/year365gal/day100,000
A

A =  17.11 acres required for spray field (excluding buffers) 

Question 3:

The hydrologic balance, previously given, was used to calculate the total amount of water (applied 
wastewater plus natural precipitation) that will enter the groundwater system beneath the spray field.  The 
average monthly precipitation and temperature data were calculated using the most recent 10 years of data 
obtained at a nearby Weather Bureau climatic station.  The Blaney-Criddle Method was used to estimate
potential evapotranspiration for the site:
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Calculation of potential evapotranspiration:

Blaney-Criddle Method 

PET = KF 

where:

PET = Potential ET in inches per unit area,
K = Crop-use coefficient, 
F = Consumptive-use factor. 

100

tp
F

where:

t = mean monthly temperature (°F), 
p = percent of annual daytime hours occurring during each month of the year (Latitude for 
example site N 39", 30').

Month Ave. Monthly
Air Temp. (°F)

Percent Annual
Daytime Hours

Veg.
Consump. Use 
Coeff.

(Col 2 x Col 
3)/100

Monthly PET
(inches)

OCT 50.38 7.76 0.70 3.91 2.74
NOV 40.27 6.75 0.70 2.72 1.90
DEC 31.39 6.55 0.70 2.06 1.44
JAN 27.11 6.78 0.70 1.84 1.29
FEB 27.28 6.74 0.70 1.84 1.29
MAR 35.80 8.30 0.70 2.97 2.08
APR 47.33 8.94 0.70 4.23 2.96
MAY 57.62 9.99 0.70 5.76 4.03
JUN 65.19 10.03 0.70 6.54 4.58
JULY 69.18 10.17 0.70 7.04 4.93
AUG 68.21 8.52 0.70 5.81 4.07
SEPT 61.87 8.39 0.70 5.19 3.63
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Calculation of water entering groundwater system:

The equation used to calculate the amount of water entering the groundwater system is as follows: 

P + Lw = ET + GW

where:

P = natural precipitation, inches (conservatively, assuming 100% precipitation eventually
recharging the groundwater flow) 
Lw = wastewater loading, inches 
ET = potential evapotranspiration, inches 
GW = water entering groundwater, inches 

Month Natural Precip.
(inches)

Wastewater
loading (inches) 

Potential ET
(inches)

Entering
Groundwater
(inches)

OCT 2.63 8.67 2.74 3.61
NOV 2.29 8.67 1.90 9.06
DEC 3.04 -- 1.44 1.6
JAN 2.57 -- 1.29 1.28
FEB 2.10 -- 1.29 0.81
MAR 3.08 8.67 2.08 9.67
APR 2.98 8.67 2.96 8.69
MAY 3.76 8.67 4.03 8.40
JUNE 3.01 8.67 4.58 7.10
JULY 345 8.67 4.93 7.39
AUG 3.25 8.67 4.07 7.85
SEPT 3.46 8.67 3.63 8.50
ANNUAL 35.87 78.03 34.94 78.96

The total amount of water entering the groundwater system beneath the spray field was calculated 
to be 78.96 inches per acre per year.  To convert 78.96 inches per acre year to gallons per day, the 
following calculations are made:

gal/day2.5874
days/year365

inch)re-gallons/ac(27154 x r)inches/yeaacre-96.78(
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APPENDIX D

Calculation of Nitrogen Balance

Nitrogen, especially in the nitrate (NO3) form, is considered to be one of the most limiting
constituents of municipal wastewater with respect to land application systems.  The nitrate ion possesses a 
negative charge, as do soil particles.  Since like charges repel, the nitrate ions tend to leach down through 
the soil profile.  High nitrate concentrations in drinking water pose a health problem, especially in infants.
For this reason the Environmental Protection Agency has imposed a maximum concentration of 10 
milligrams per liter of nitrate-nitrogen in their Drinking Water Standards.

The nitrogen balance in any soil-water-plant scheme is dependent on several inputs (sources) and 
outputs (sinks).  The major nitrogen inputs of land-application systems are the amount of nitrogen 
contained in the wastewater that is applied to the site and the amount of nitrogen contained in the natural 
precipitation that falls on the site.  The major nitrogen outputs or sinks of a land-application system are 
removal by crops (plant uptake), leaching losses, denitrification, and ammonia volatilization.  The 
nitrogen mass balance developed by J.E. Stone (1976) for the above situation can be expressed as follows: 

Total N              + N in       = N Removal    + Leaching     + Denitri-      + Ammonia
in Wastewater Precip. in crops Loss fication Volatilization

The above equation assumes: 1) that any short-term increase in nitrogen storage in the soil has already 
occurred, and 2) that there are no significant additions of nitrogen through nitrogen fixation by 
leguminous plants growing on-site. 

When the nitrogen mass balance is combined with a simplified water balance (volume of water 
leaving site equaling precipitation plus wastewater loading minus evapotranspiration) and solved for the 
wastewater loading, the following equation is derived: 

n)y(day

cP-ET)a(P-C4.43
W

where:

W = wastewater loading (acre-inch/acre-year)
C = removal of nitrogen in crop (lbs/acre-year) 
a = allowable nitrogen concentration in percolation or runoff water (mg/L)
P = precipitation (acre-inch/acre-year) 
ET = potential evapotranspiration (assumes that P + W will allow potential ET to be realized in all
cases) (acre-inch/acre-year) 
c = concentration of nitrogen in precipitation (mg/L) 
y = concentration of nitrogen in wastewater (mg/L)
d = fraction of nitrogen which is denitrified (% x 10-2)
n = fraction of nitrogen which is volatilized as ammonia (% x 10-2)

For a more thorough explanation of the development and underlying assumption of the above 
equations, the reader is referred to Stone (1976). 
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Example Problem

A community located in the Piedmont region of the State is in the process of developing a spray-
irrigation program for their treated municipal wastewater.  The average annual precipitation and 
evapotranspiration values for the area are 40 and 28 inches, respectively.  Determine how much
wastewater, containing 25 mg/L total nitrogen, can be applied such that the soil leachate realized at the 
groundwater table will not exceed an average concentration of 10 mg/L total nitrogen (Public Drinking
Water Standard).  Assume that 275 lbs per acre per year of nitrogen will be taken up by a cover crop of 
reed canarygrass and removed from the site during harvesting.  Natural precipitation contains an average 
concentration of 0.5 mg/L of nitrate-nitrogen.  Since no site specific data are available, losses of nitrogen 
via denitrification and ammonia volatilization are assumed to be zero. 

Substituting the appropriate values into the wastewater loading equation yields the following:

1025

)40(5.0-)28-40(10)2754.43(
W

W = 87.88 acre-inches/acre-year 

Assuming the annual irrigation season extends from March through November (a period of approximately
40 weeks), the average weekly wastewater loading rate would be: 

weeke-inches/acracre-2.20
 weeks/yr40

yeare-inches/acracre-87.88

The above weekly loading rate should be compared with the weekly loading rate calculated from 
the soil permeability data.  The smaller loading rate of the two should be the one at which the system is 
operated.

For discharging treated wastewater into a groundwater system nearby a surface water body, a 
more stringent nitrogen concentration in the percolate may be required. 
The term “a”, allowable nitrogen concentration in percolation may be 0 mg/l for an impaired surface
water body. The wastewater loading rate (W) is reduced according to the following calculations. 

025

)40(5.0-)28-40(0)2754.43(
W

W = 47.93 acre-inches/acre-year 

Assuming the annual irrigation season extends from March through November (a period of approximately
40 weeks), the average weekly wastewater loading rate would be: 

weeke-inches/acracre-20.1
 weeks/yr40

yeare-inches/acracre-93.47

The above weekly loading rate should be compared with the weekly loading rate calculated from the soil 
permeability data.  The smaller loading rate of the two should be the one at which the system is operated. 
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 Summary 

Evoqua Water Technologies proposes to furnish the equipment and services detailed in this pre-

liminary proposal for an Omniflo® Sequencing Batch Reactor with two (2) basins.  

 

A few key advantages of our process are: 

Quality effluent. High quality effluent at widely varying flows and loadings.  

Simplicity. All unit process steps occur within the reactors. The need for secondary clarifiers 
and a sludge recycle system are eliminated.  

Flexibility. Because the process steps are controlled by time, treatment step durations can be 
field adjusted to match plant operation with current hydraulic and organic loads. The flexible 
treatment steps allow the operator more process control than conventional systems that used 
fixed anoxic and aerobic volumes.  

BNR capability. Biological Nutrient Removal (BNR) is achievable by creating anoxic, anaerobic, 
and aerobic conditions within the reactors.  

Optimum energy efficiency. The SBR process utilizes a time-based process which allows aera-
tion times to be adjusted based on current organic loads.  

Decanter. Evoqua uses a submerged, scum-free decanter that pulls from 18” below the surface 
to exclude floatables. The decanter is controlled by an effluent valve located outside of the 
tank. Conversely, other manufacturers use fixed decanters, units that require electromechani-
cal actuation inside the tank, or drop-in decanter units that are susceptible to scum intake.  

Controls. Evoqua offers state of the art flow proportional controls strategy. This strategy auto-
matically adjusts cycle times and aeration based on the plant influent flow rate, allowing cycle 
structure and aeration to match real time conditions at the plant eliminating over or under 
aeration. The controls also include an automatic failure response strategy in which a critical 
failure will automatically take the effected tank out of service and automatically adjust the op-
eration of the remaining tank. Other manufacturers do not offer this level of failure response.  

Experience. The JetTech product line has been providing SBR systems for 35 years and has over 
700 installations worldwide.  

Ease of Maintenance. There are no mechanical parts or membranes within the basin, all rou-
tine maintenance is performed outside of the basin.  

Durability. Jet aeration requires no routine maintenance and has a life expectancy in excess of 
20 years with no reduction in OTE unlike fine bubble diffusers.  

 Design 

The proposed Omniflo® Sequencing Batch Reactor system is designed to handle the hydraulic and 

effluent requirements at the specified conditions. Recommended tank dimensions, cycle times, 

and equipment sizes are listed in this section. The design parameters are derived from calculations 
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that may include assumed values to be confirmed as the project moves forward. A brochure is 

attached for more information on equipment and process. 

A. Flow Parameters1 

Parameter Value Unit 

Average Daily Flow (ADF) 2.60 MGD 

Peak Daily Flow (PDF) 5.20 MGD 

B. SBR Influent Water Quality 

Parameter Value Unit 

Influent BOD₅ 198 
4,293 

mg/L 
lbs/day 

Influent TSS 149 
3,231 

mg/L 
lbs/day 

Influent NH₄-N 35 
759 

mg/L 
lbs/day 

Influent TKN 37 
802 

mg/L 
lbs/day 

Influent TP 5.0 
108.4 

mg/L 
lbs/day 

Min. Water Temperature 10 °C 

Max. Water Temperature 20 °C 

C. SBR Effluent Parameters 

Parameter Value  Unit 

BOD₅  ≤ 10  mg/L 

TSS ≤ 10  mg/L 

TN ≤ 15  mg/L 

TP, from SBRs with Chemical backup ≤ 1.0  mg/L 

 

 

 

 
1 Peak flow duration not to exceed 3-hours. 
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D. Design Flow Cycle Times 

Parameter Value Unit 

No. of batches/day 4 per basin 

Maximum Fill Time 3.00 hours 

Anoxic Fill Time 1.28 hours 

Aerated Fill Time 1.73 hours 

React Time 1.28 hours 

Settle Time 0.75 hours 

Decant Time 0.75 hours 

Idle Time 0.23 hours 

Complete Cycle Time 6.00 hours/batch 

 

E. SBR Tanks and Process Parameters 

Parameter Value Unit 

SBR Tank Design   

Number of Basins  2  

Length  132 ft 

Width  50 ft 

Top Water Level (TWL) at ADF 24 ft 

Bottom Water Level (BWL) 17.4 ft 
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Parameter Value Unit 

SBR Process Parameter   

Total Treated Batches Per Day (@ ADF) 8  

Total Volume Per Batch (@ ADF) 325,000 Gallons 

Design MLSS @ TWL 2,217 mg/L  

HRT Provided 22 hours 

Aerobic Sludge Age (SRTox) 6.9 days 

Overall SRT 13.8 days 

Estimated Biological + Inert Sludge Production 3,175 lbs/day 

Required Total SBR Volume 2.37 MG 

Design SOR 11,566 lb O₂/day 

O&M   

SBR Estimated Energy Usage 2,724 kWh/day 

F. Included Scope 

Item Quantity Description 

Omniflo® Sequencing Batch Reactor 

Jet Header 2 
(1) per tank, Bi-Directional, Model Number: 
BDM2040-38; Liquid flange: 20”; Air flange: 
10”; FRP 

Influent Distribution Manifold 2 (1) per tank, Model Number: ID16-3700 

Sludge Collection Manifold 2 (1) per tank, Model Number: SC6-600 

SBR Blower 2 
(1) Duty, (1) Spare; Rotary, Positive Displace-
ment; 1,622 SCFM @ 11.1 psig, 125 HP, En-
closure 

SBR Jet Motive Liquid Pump 2 
(1) per tank, Axial Flow Pump, 6957 GPM @ 
21 ft, 60 HP 

Decanter 2 
(1) per tank, Floating Solids Excluding De-
canter, Model Number: FLED24-7300; 24” 
flange connection, FRP 

Waste Sludge Pump 2 
(1) per tank, Submersible Centrifugal Pump, 
560 GPM @ 18 ft, 5 HP, with guide rail sys-
tem 

Miscellaneous Equipment   

Lot of Supports 1 Type 304 stainless steel 

Lot of anchor bolts, gaskets and 
fastening hardware 

1 Type 18-8 stainless steel 

Lot of Field Joint Material 1 Necessary materials supplied by Evoqua, la-
bor by installing contractor. 

Control and Instrumentation   

Process Control Panel 1 NEMA 12 panel, HMI, PLC, I/O 
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Item Quantity Description 

Dissolved Oxygen Probe 2   
(1) per SBR tank, with mounting bracket and 
analyzer 

Level Transducer 2 (1) per tank, with stilling well 

Float Switch 2 (1) per tank, High Level 

Valves    

SBR Influent Control  2 14 inch Automatic Plug 

SBR Jet Suction Isolation  2 20 inch Manual Plug 

SBR Jet Discharge Isolation  2 20 inch Manual Plug 

SBR Air Control  2 8 inch Automatic Butterfly 

SBR Decant Control  2 24 inch Automatic Butterfly 

G. Services 

Description Days Trips 

Dry inspection, equipment startup, and process training 12 4 

H. Excluded Items 

Excluded Item Description 

Motor starters and related electrical controls not specifically listed in the proposal 

Electrical, hydraulic, or pneumatic controls not listed in the Equipment Scope section 

Wiring of motors or controls, control panels, or panel supports 

In-basin SBR WAS discharge piping 

Out of basin liquid or air piping, valves, wall sleeves, gates, drains, weirs, baffles 

Floor grating, stairways, ladders, platforms, handrailing 

Concrete, grout, mastic, sealing compounds, shims 

Tanks and tank wall penetrations 

Lubricants, grease piping, grease gun 

Chemical feed equipment 

Detail shop fabrication drawings 

Hardware at in-basin/out-of-basin interfacing flange connection 

Tools or spare parts 

Equipment offloading and installation of any kind 

Modifications to existing equipment or structures 

Supervisory services; laboratory, shop, or field testing 

Underwriters Laboratory inspection of electrical controls 
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Excluded Item Description 

Special written process performance or extended mechanical warranties not provided with 
the proposal. 

 Budgetary Pricing 

Budget pricing for the treatment system, as defined herein, including process and design engi-

neering, services, and equipment supply is $1,250,000 (USD). 

This price makes no provision for taxes, tariffs, duties, permitting fees and other fees or charges 

that are not made explicit above. 

All pricing is quoted at FCA, Factory (full freight allowed). No taxes, regulatory fees or other costs 

related to the procurement and installation of the system are included. 

The scope of supply and pricing are based on Evoqua’s standard equipment selection, standard 

terms of sale and warranty terms. Any variations from these standards may affect this budgetary 

quotation. Additionally, please note that this budgetary quotation is for review and informational 

purposes only and does not constitute an offer for acceptance. 

 



APPENDIX K

OMNIFLO SEQUENCING BATCH REACTOR 

(SBR) JET TECH TECHNOLOGY



OmniflO® Sequencing batch reactOr (Sbr) 
jet tech Sbr technOlOgy 
Proven Performance Under demanding conditions

REACTION TANkS



The OMNIFLO® Sequencing Batch Reactor (SBR) utilizes 
state-of-the-art equipment and controls to deliver superior 
performance under the most demanding conditions, while 
offering important benefits to plant owners and operators.

Operating Principals

The OMNIFLO SBR is a fill-and-draw, non-steady state 
activated sludge process in which one or more reactor 
basins are filled with wastewater during a discrete time 
period, and then operated in a batch treatment mode. In 
a single reactor basin the OMNIFLO SBR accomplishes 
equalization, aeration, and clarification in a timed sequence. 
In a conventional continuous flow process, multiple 
structures are required to obtain the same treatment 
objectives. 

A single cycle for each reactor consists of five discrete 
periods, Fill, React, Settle, Decant, and Idle. The OMNIFLO 
SBR system is unique in its ability to handle influent flows 
and a wide range of organic loads and industrial pollutants. 
The OMNIFLO SBR is ideally suited when nitrification, 
denitrification and biological phosphorous removal are 
necessary. 

The operating strategy provides process control over a wide 
range of flows. By varying the operating strategy, aerobic or 
anoxic conditions can be achieved to encourage the growth 
of desirable microorganisms. Microorganisms can also 
be acclimated to a wide range of industrial and chemical 
processing wastes.

OMNIFLO® SBR Cycle

anoxic fill Phase 

During Anoxic fill influent is distributed throughout the 
settled sludge through the Influent Distribution/Sludge 
Collection Manifold (ID/SC) and biodegration is initiated. 
The reactor is filled with wastewater and fill can be aerated, 
anoxic, or a combination of aerated and anoxic. 

react Phase 

Influent flow is terminated. Aeration and mixing continue in 
the full reactor until complete biodegration is achieved. 

settle Phase 

Aeration and mixing are turned off and perfect quiescent 
conditions allow the biomass to settle, leaving the treated 
supernatant above.

decant Phase

Effluent is removed from just below the liquid surface by the 
Floating Solids Excluding Decanter.

idle/Waste sludge Phase 

The reactor waits to receive flow. Settled sludge is drawn 
through the ID/SC and removed from the SBR reactor. 

The OMNIFLO® SBR Cycle effectively utilizes a single reactor

OMNIFLO® SBR Benefits

•	 Biological Nutrient Removal (BNR)
•	 High quality effluent at widely 

varying flows and loadings
•	 No sludge recycle system
•	 Perfect quiescent settling
•	 Optimum energy efficiency
•	 No clarifiers
•	 No short circuiting
•	 Small footprint
•	 Flexible design
•	 Retrofits of existing tanks
•	 Biological phosphorous removal

SuperiOr technOlOgy in WaSteWater treatment
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These types of state-of-the-art control strateies meet specific needs.

OMNIFLO® SBR System Controls 

The heart of the OMNIFLO® SBR is the control system. 
The control system focuses on an operating strategy that 
optimizes the SBR process capabilities while minimizing 
required operator time and decision making. We currently 
offer three types of control systems:

flow Proportional control – This state-of-the-art control 
system features a PLC with a simple to use operator 
interface. Pressure transducers are used to continuously 
monitor the rate of fill in each SBR reactor. As the flow 
changes, the aeration time is adjusted proportional to 
the flow. This strategy ensures that oxygen is available 
when needed, but does not waste power during low flow 
periods. The flow proportional control system also provides 
automatic alarm and failure response. For example, if 
an influent valve fails to open, the influent pump station 
would be pumping against a closed valve. This feature 
would place the affected reactor out of service and divert 
the flow to another in-service basin until the failure is 
manually acknowledged and corrected. The controls adjust 
the operating strategy and setpoints to provide optimal 
treatment with the remaining reactors. 

slug feed control – The slug feed control strategy utilizes 
intermittent, rapid fill periods, which maximizes available 
aeration time during each cycle. This PLC based control 
system is applicable for treatment plants that have adequate 
influent holding capacity (influent equalization basin) prior 
to the SBR. 

OMNIFLO® SBR Control Features 

•	 Reduction of operator time (fully 
automated)

•	 Consistent, efficient process 
•	 Additional PC/SCADA systems (optional)
•	 Equipment failure alarms and automated 

responses
•	 Phone modem for remote process service 

capability (standard)
•	 Continuous liquid level indication 

(standard on flow proportional)
•	 D.O. control (optional)
•	 Surge protection
•	 Flexibility for operator to change set 

points

Aeration time is adjusted proportionally to flow to ensure the right 
amount of oxygen is available when needed.
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Jet Aeration Desgns

The VARI-CANT® jet aeration system from Evoqua utilizes 
proven principles of jet aeration, combined with state-of-
the-art design and materials, resulting in a system with 
superior performance, efficiency and trouble-free operation. 
The jet aeration system operates by intermixing air with a 
motive liquid and injecting the stream into the wastewater. 
The motive liquid – recirculated mixed liquor – is discharged 
from an inner nozzle into an outer nozzle. Compressed 
atmospheric air is introduced, and sheared into tiny bubbles 
which are entrained in the motive liquid stream and injected 
back into the basin.

Diffused Aeration Designs

We offer both fine and coarse bubble SBR installations with 
fixed and retrievable diffuser assemblies available. Most fine 
and coarse bubble designs used in SBR’s require some sort 
of mixing device to achieve complete mix in the basin during 
aeration. OMNIFLO® SBR systems are designed without a 
mixing device when the density of the diffusers achieve full 
floor coverage and the ID/SC manifold is used to distribute 
the influent evenly across the basin floor. Reliable and durable 
floating surface aerators and mixers are also available for 
special applications with SBR technology.

SuperiOr equipment fOr prOceSS perfOrmance

OMNIFLO® SBR with Fine Bubble Diffusers

OMNIFLO® SBR with Fine Bubble Diffusers

VARI-CANT® Jet 
Aeration  System

aeration/ mixing oPtions

•	 Jets with submersible or dry pit pumps
•	 Full floor coverage with fine & coarse bubble 

diffusers
•	 High-speed floating aerators
•	 Fixed fine and coarse bubble diffusers with 

mixers
•	 Mixers
•	 Retrievable fine and coarse bubble diffusers 

with mixers
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Influent Distribution/ Sludge Collection Manifold (ID/SC)

The ID/SC manifold allows intimate contact of the influent 
(food) with the settled biomass in the sludge blanket 
throughout the length of the basin. During this time, the 
soluble BOD is absorbed and stored by the facultative 
biomass until air is received to metabolize the food. The 
selective pressures exerted on the biomass assists in good 
settling and facultative organisms to predominate. The ID/
SC manifold is also used to withdraw sludge from multiple 
points across the basin floor. This yields the thickest sludge 
possible, reducing side stream sludge treatment operation 
and maintenance. Finally, the ID/SC prevents disruption 
of the sludge blanket during Filled Decant periods 
necessitated by high flow rates or emergency single tank 
operation. omnifLo® sBr Key advantages

•	 Licensed plant operators available for customer 
service 24 hrs/day, 7 days/week

•	 Choice of aeration / mixing devices
•	 Influent distribution / sludge collection manifold 

(ID/SC)
•	 Non-Electro mechanical solids excluding floating 

decanter
•	 State-of-the-art controls
•	 Retrofits available for any basin geometry
•	 Experience, Reputation, & Reliability

Influent distribution 
manifold
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Floating Solids Excluding Decanter

The Jet Tech™ floating solids excluding decanter is the only 
true solids excluding decanter in the industry that does 
not utilize electro-mechanical equipment in the basin. This 
state-of-the-art design utilizes multiple orifices to keep 
velocities at a minimum, and pulls treated effluent from 
below the surface to eliminate the possibility of entraining 
floatables. The decanters are constructed of high quality, 
durable, corrosive resistant materials with a manual override 
that is unique in the industry and requires no routine 
maintenance. 

Fixed Decanter

The fixed decanter operates similarly to the floating 
decanter, except it is attached to the basin wall at a fixed 
elevation below the bottom water level.  This eliminates 
the flexible hose connector, knee brace and decanter rest 
support.  In SBR systems, the fixed decanter requires the 
availability of a longer settling time since the solids must 
settle below the bottom water level before decanting.

Non Solids Excluding Decanter

The non solids excluding decanter is constructed similarly 
to the solids excluding decanter, however it does not contain 
the spring loaded valves.  This type of decanter is installed 
in applications when it is not important if some solids are 
left in the decanted effluent. 

Draw tube with solids excluding plug valves.

Jet Tech™ decanters are unique in the industry and require no routine 
maintenance.

Floating solids excluding decanter

decanter advantages

•	 Innovative designs, engineered specifically for each 
project.

•	 Simple safe operation
•	 No in-basin electromechanical devices requiring 

maintenance
•	 Consistent quality performance
•	 Years of reliable operating experience in the field 

with installations worldwide
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Pima Utility 

The Pima Utility Wastewater Treatment Plant located in a 
retirement community in Arizona was designed to treat 2.4 
million gallons per day (MGD), and produce a high quality 
effluent with disinfection, low turbidity and nitrogen levels 
to meet Title 22 effluent quality standards. The rectangular 
process basins were designed to be low profile and covered 
for environmental aesthetics with mechanical equipment 
installed in an enclosed building to eliminate any noise. 

Rahr Malting

The Rahr Malting Company located in Shakopee, MN is 
one of the world’s largest malt producers. Since 1999, an 
OMNIFLO® SBR has been installed which has consistently 
met their wastewater treatment requirements. The Rahr 
Malting Co., also worked with the Minnesota Pollution 
Control Agency in cleaning up the river where the 
wastewater effluent is discharged to make sure oxygen 
consuming compounds were removed.

Fruitland, Maryland 

The City of Fruitland, Maryland installed an OMNIFLO® SBR 
system to expand its capacity of its wastewater treatment 
plant and to meet the requirements for the Chesapeake Bay 
initiative.   The OMNIFLO SBR system was selected because 
of its compact footprint and ability to achieve enhanced 
nutrient removal within a two-tank layout.  This system also 
includes the patented VARI-CANT® Jet Aeration system 
from Evoqua as well.

OMNIFLO® SBR installed at Rahr Malting

Proven technoLogy and exPerience omnifLo® sBr Primary marKets 

•	 Municipal
•	 Food & Beverage
•	 Pulp & Paper
•	 Petrochemical & Oil Refining
•	 Pharmaceutical
•	 Chemical / CPI
•	 Landfill /Leachate Applications
•	 Textile Industry

The 2.4 MGD Pima Utility Wastewater Treatment Plant meets Title 22 effluent quality standards.

Fruitland, Maryland Wastewater Treatment Plant
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2607 N. Grandview Blvd, Suite 130, Waukesha, Wisconsin 53188

+1 (866) 926-8420 (toll-free)          +1 (978) 614-7233 (toll)          www.evoqua.com

Jet Tech, OMNIFLO and VARI-CANT are trademarks of Evoqua, its subsidiaries or affiliates, in some countries. Equipment and features 
described are protected under U.S. Patents 6,244,574; 6,464,211; 7,243,912; 7,550,076; and 7,655,144.

All information presented herein is believed reliable and in accordance with accepted engineering practices. Evoqua makes no 
warranties as to the completeness of this information. Users are responsible for evaluating individual product suitability for specific 
applications. Evoqua assumes no liability whatsoever for any special, indirect or consequential damages arising from the sale, resale or 
misuse of its products.

© 2014 Evoqua Water Technologies LLC          Subject to change without notice          BC-SBR-BR-0914

Visit www.evoqua.com/omniflo 
 to connect with an expert.
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General Notes and Data Sources: 
 
This Geographic Information System (GIS) Wastewater Treatment Feasibility map is for 
demonstration purposes only, any use of this product with respect to accuracy and 
precision shall be the sole responsibility of the end user. 
 
The areas, boundaries and details, shown on this Wastewater Treatment Feasibility 
map, are referenced, in part, from ground surveys, aerial surveys and recorded plans, 
tax assessment maps and documents, and are to be used for demonstration purposes 
only.  
 
This map was created, in part, utilizing parcel, municipal boundary and location data 
provided by the County of New Castle. Wastewater information was provided by New 
Castle County Department of Public Works. 
 
All positions are based on the following: 
- NAD 83 (horizontal datum) 
- Delaware State Plane Coordinate System  
- English units (feet)  
 
The geodetic accuracy and precision of the Geographic Information System (GIS) data 
contained in this mapping has not been developed nor verified by a professional 
licensed land surveyor and shall not be nor is intended to be used in matters requiring 
delineation and location of true ground horizontal and/or vertical controls, unless 
otherwise noted. 
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