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CONCLUSIONS AND RECOMMENDATIONS 

 
 
WRA has reviewed the following information pertaining to the Inland Bays Regional Wastewater Facility 
Permit: LTS 5004-90-12 Renewal Application: 
 

1.)  Application of a Permit to Spray Irrigate Wastewater dated January 4, 2017 as submitted by 
Sussex County 

2.)  An Engineering and Operations Report signed and sealed by Hans Medlarz, P.E. of Sussex 
County on March 2, 2017 

3.)  Vegetative Management Plans for the Disposal Fields compiled by Sussex County 
4.)  Nitrogen and Phosphorus Balances as compiled by Sussex County, including Inland Bays 

RWF related treatment plant flows and effluent quality and irrigation flow information 
5.)  Soil Chemical Analysis compiled by Keen Consulting Inc. 
6.)  Soils Report including a Cumulative Metal Loadings and Calculated Life Remaining Years 

dated April 25, 2017 developed by Class D Soil Scientist William Gangloff, PhD of Access 
Environmental, LLC 

7.) Hydrogeologic Report for Compliance Monitoring at the Inland Bays Regional Wastewater 
Facilities by Whitman, Requardt and Assoicates dated January 30, 2017 signed and sealed 
by Stephen Mogilnicki, P.G. 

8.)  Permit AGU 1504 S 03 to Operate a Land Treatment System for the Agricultural Utilization of 
Sludge with an effective date of July 1, 2015. 

 
Based on our review of this information, WRA provides the following recommendations and conclusions. 
 
CONCLUSIONS 
 
Groundwater Levels  

As indicated in the Hydrogeologic Report included in Section 6, there is a relative lack of encroachment of 
the water table underneath the IBRWF spray fields into the 2-ft buffer during the 2011-2015 period. An 
exception was the July – August 2013 relatively wet period, which represents only 2 out of 60 months, or 
3% of the 5 year period.  

Effluent Storage 

A water balance based on the actual wastewater effluent and irrigation is calculated for each year and is 
presented in Section 4. A design basis water balance is also calculated and presented in Section 4. The 
water balance based on the actual conditions for the period 2011-2015 indicates IBRWF has not 
experienced any effluent storage constraints. The wastewater influent flow during the period has 
averaged approximately 50% of its design capacity. Additionally, during this period studied, the County 
has not experienced extended periods of time (i.e. greater than 30 days) in which they were not able to 
spray irrigate due to weather conditions. 

Vegetative Management Plan 

The Vegetative Management Plan as presented in Section 3 incorporates a wide variety of information 
related to the planning, operations and performance of irrigation fields including: 

1.)  Goals and actual crop yields 

2.)  Seeding rates 

3.)  Chemical fertilization recommendations and actual applications 

4.)  Planned and actual crop rotation  

5.) Planned and actual chemical applications 
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Sussex County also provided WRA with a separate spreadsheet of annual summary of actual crop yields, 
along with chemical and biosolids fertilization rates. The information from the summary spreadsheets is 
presented in the following table, and was used for the nitrogen balances discussed below. 

Table 1. Crop Harvests and Fertilizer Rates 

Field  Crop 
Harvest 

Average 
Crop 
Yield 

Nitrogen 
Chemical 
Fertilizer 
Applied 

Crop 
Harvest 

Average 
Crop 
Yield 

Biosolids 
Applied – 
Total 
Nitrogen 

Nitrogen 
Chemical 
Fertilizer 
Applied 

  

2011-
2014 

bushels/
acre 

2011-
2014 

lbs N/acre  

 

2011-2014 

 

 

2015 

bushels/
acre 

2015 

lbs 
N/acre 

2015 

lbs 
N/acre 

2015 

North 
Burton 

Corn 70-131 30-157 Soybeans 37.3 0 0 

South 
Burton  

Corn 70-151 137-157 Soybeans 37.3 0 0 

Northfield  Corn 70-171 30-157 Soybeans 37.3 0 0 

Southfield  Corn 93-163 137-157 Corn 162.9 70 62.4 

N Hettie 
Lingo 

Corn 93-153 137-157 Corn 162.9 70 62.4 

E Hettie 
Lingo 

Corn 93-101 137-157 Corn 162.9 70 62.4 

W Hettie 
Lingo 

Corn 93-101 137-157 Corn 162.9 70 62.4 

S Hettie 
Lingo 

Corn 93-101 137-157 Corn 162.9 70 62.4 

 

Nitrogen 

Nitrogen balance tables are presented in Section 4. WRA developed the nitrogen balances to incorporate 
nitrogen gained and lost to the following factors, based on the information source indicated: 

1.)  Total nitrogen in the wastewater effluent applied to each field as reported by Sussex County 

2.)  Nitrogen applied as chemical fertilizer and biosolids as reported by Sussex County based on 
information from Vegetative Management Plan information. 

3.)  Nitrogen from precipitation, with nitrogen amounts based on the values provided by the 
National Atmospheric Disposition Program 

4.)  Ammonia volatilization based on a generally recognized ratio 

5.)  Crop uptake based on the average crop productivity from the Vegetative Management Plan 
information and University of Delaware Cooperative Extension factsheet titled ‘Nitrogen 
Removal by Delaware Crops’ estimating Nitrogen removal by corn of 0.69 lbs N per bushel of 
corn harvested, and 3.44 lbs N per bushel of soybeans harvested 

6.)  Fixation by soybean crops based on related information published by the University of 
Delaware and Cornell University that indicates soybeans supply approximately 30-50% of the 
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nitrogen required by fixation. The more conservative 50% value is used in the nitrogen 
balance. 

The nitrogen balance calculates percolate volume incorporating the following factors: 

1.)  Wastewater effluent applied to each field provided by Sussex County 

2.)  Precipitation based on DNREC ‘Climatological Normal Precipitation’ as provided in Exhibit KK 
of the Groundwater Discharges Section 

3.)  Potential evapotranspiration based on DNREC ‘Climatological Normal Precipitation’ as 
provided in Exhibit II of the Groundwater Discharges Section. Negative percolate volumes are 
reported as zero (0) gallons. 

The monthly nitrogen balances are calculated for each field for 2011 through 2015, with any negative 
monthly percolate nitrogen concentration reported as zero (0). The nitrogen balances indicates an excess 
of applied nitrogen (i.e. the percolate total nitrogen concentration exceeds 10 mg/L) occurs each time 
chemical fertilizer are applied to the fields. This is followed by a nitrogen deficit from the time a crop is 
planted until it is harvested. Overall for the year, there appears to be an excess of nitrogen being applied 
to the fields, primarily from the chemical fertilizer being applied.  

From 2011 through 2014 the imbalance indicated a potential total nitrogen concentration in the percolate 
generally exceeding 10 mg-N/L. In 2015, the amount of chemical fertilizer was decreased from the levels 
applied in previous years. The 2015 nitrogen balance continued to be in excess in the fields that grew 
corn and chemical nitrogen was applied. The annual average calculated concentration of total nitrogen in 
the percolate is generally less than 3 mg-N/L. In the fields that grew soybeans and no chemical fertilizer 
was applied, the annual average nitrogen concentration in the percolate was negative, indicating nitrogen 
was removed from the soil.  

There was also a decrease in total nitrogen in the wastewater effluent from the years 2011-2012 to the 
2013-2015 period due to the upgrade of the treatment facility. The levels of total nitrogen in the effluent 
are typical of a well-managed lagoon system with cyclic aeration providing nitrogen removal. 

The decrease in wastewater-applied nitrogen in 2014 and 2015 is reflected in overall lower nitrate 
concentrations in the analyzed groundwater samples, as noted in the Hydrogeologic Report presented in 
Section 7. Some of the downgradient monitoring wells consistently have nitrate concentrations in excess 
of 20 mg NO3-N/L, including MW-12, 15 and 24. Several downgradient monitoring wells, including MW-2, 
3, 4, 13, 14, 21, and 22 are generally in the same range (5-15 mg-NO3-N/L) as the percolate in the 
calculated nitrogen balance. 

From the nitrogen balance spreadsheets, it is the application of chemical fertilizer, not the application of 
wastewater that is the driver of excess nitrogen in the percolate. It is recommended chemical nitrogen 
fertilizer be eliminated or spread out over the growing season to affect the excess total nitrogen being 
applied, which is especially high in the month it is applied. With the elimination or modification of chemical 
nitrogen fertilizer application to the vegetative management plans, the fields indicate no issues to 
continuing to assimilate the nitrogen applied by wastewater effluent irrigation. 

Phosphorus 

The phosphorus balance tables presented in the end of Section 4 account for the phosphorus applied to 
the disposal fields by the wastewater effluent, and the crop uptake. In almost all of the years and fields, 
the crops remove more phosphorus than is applied with the irrigated effluent. The phosphorus in the 
wastewater generally accounts for 30-50% of the crop phosphorus uptake. Two fields in 2013 had low 
crop yields, and the overall phosphorus balance was slightly positive (i.e. more phosphorus was applied 
by the wastewater effluent than removed by the crops).  

The Soils Report included in Section 5 identifies phosphorus as the limiting soil constituent. It also 
classifies the phosphorus levels in the soil, as indicated by cation exchange capacity, are excessive when 
compared to University of Delaware phosphorus fertility index values. At the same time, the majority of 
monitoring wells samples analyzed phosphorus at non-detect levels. A few of the samples did indicate 
phosphorus concentrations above 1 mg/L. From this groundwater data, the general conclusion is that 
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subsurface soils are removing phosphorus, and therefore the majority of the spray fields still have 
remaining capacity to accept additional phosphorus. 

Given that the current irrigation rates, and crop schedules indicate a reduction in phosphorus in the soils, 
there are no conditions to limit or reduce the life of the disposal field. 

The County is planning to develop a regional sludge treatment facility at the IBRWF, to produce Class A 
biosolids. One use of these biosolids could be application on the existing spray irrigation fields. The 
Inland Bays biosolids have been tested to contain less than 1% phosphorus on a dry weight basis. Even 
with this lower than typical concentration, it is recommended that prior to biosolids application, the 
subsurface soils (2 feet below the surface) be sampled and analyzed, and the phosphorus retention 
curves be developed and interpreted for the capacity to accept additional phosphorus. 

Sodium and Chlorides 

The Hydrogeologic Report presented in Section 6 examined the sodium, chloride, and total dissolved 
solids in the groundwater monitoring samples. Although some of the samples exceed their respective 
drinking water secondary standards, the levels are generally below the secondary standards. In addition, 
the levels are reported as being steady, to slightly increasing, from 2011-2015. 

The sodium and chloride concentrations are regularly measured on the treated wastewater effluent and 
are included in this Section.  

Sodium and Chlorides in IBRWF Effluent Compared to Peak Precipitation 

Date of 
Wastewater 
Effluent Sample 

Peak 
Precipitation 
Prior to Sample 

Date of Peak 
Precipitation 

Sodium  Chlorides  

 Inches per Day  mg/L mg/L 

9/1/2011 4.4 8/28/2011 135 271 

12/1/2012 5.0 10/29/2012 240 384 

12/18/2013 1.9 10/11/2013 880 137.5 

12/16/2015 3.1 10/01/2015 311.5 392 

Average of All Days 
Tested 

N/A N/A 205 250 

Average Dry 
Weather 

N/A N/A 113 110 

 

As indicated in the table, the concentrations spike when there is flooding of low lying areas within the 
collection system. This indicates brackish water is infiltrating into the collection system. There are also 
anecdotal reports of inflow of brackish water through cleanouts at the household connections. 

During dry weather, the sodium and chloride levels measured in the IBWRF effluent (113 and 110 mg/L 
respectively) are at the high end of typical wastewater influent as indicated by the Water Environment 
Federation Manual of Practice No. 8 (MOP-8).  The MOP-8 indicates typical wastewater will have sodium 
concentrations of 40-70 mg/L more than the local potable water concentrations, and chloride 
concentrations in raw wastewater of 30-90 mg/L. The elevated sodium and chloride levels may also be 
influenced by contributions from brine collected from domestic reverse osmosis drinking water treatment 
units. 

In 2015, Sussex County contracted with EA Engineering, Inc. to perform an inflow/infiltration study of one 
of the larger private systems, Mariners Cove.  Because the County felt the Mariner’s Cove system needed 
the most upgrades, it was chosen as the first area to focus on. The study concluded that the collection 
system for Mariner’s Cove experiences significant inflow and infiltration (I&I), with portions containing 
higher than average levels of sodium. Recommendations from the report to reduce the I&I were submitted 
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to Equity Lifestyle Properties, Inc., the owners of the Mariner’s Cove property, for them to address. In 
response, the County has received a plan from the owner to address the I&I issues that were identified, 
and has also received updates with regard to the repairs/upgrades completed and upcoming. 

It is recommended that the County continue to address infiltration and inflow of brackish water into the 
collection system. There does not appear to be any condition to limit effluent spray rates due to sodium, 
or chlorides at this time. 

Metals 

The Soils Report presented in Section 5 includes a calculation of the remaining life for each disposal field 
for metals including lead, zinc, copper, nickel and cadmium. The only remaining life that is less than 100 
years are in the North and South Field based on the cadmium levels present and that being applied 
through the wastewater.  South Field calculates to a remaining life of 63 years and North Field 87 years. It 
is noted that the cadmium concentrations measured in all of the effluent fields is below the detection limit. 
The detection limit varies through the period studied, but several samples in 2014 and 2015 were tested 
with a detection limit as low as 0.38 mg/kg. The calculated remaining lives do not constitute a reason to 
limit the application of wastewater on the fields. 

Biosolids 

The County holds an Agricultural Utilization of Sludge Permit No. AGU 1504-S-03. The permit includes 
biosolids generated at South Coast RWF, Wolfe Neck RWF, Inland Bays RWF, and Piney Neck RWF. It 
allows the application of stabilized sludge to four parcels of land totaling approximately 574 acres, and 
does not include any of the spray irrigation fields currently used by IBRWF. 

Currently, all of the biosolids generated by the IBRWF are stored in lagoons at the facility. As mentioned 
above, Sussex County intends to develop a regional biosolids facility. The plan for the facility is to treat 
biosolids to a Class A level through a heat drying process. The facility is being sized to treat biosolids 
from Inland Bays RWF, South Coastal RWF, Wolfe Neck RWF, Rehoboth WWTP, Lewes WWTP and 
Seaford. The facility is projected to treat 1,990 dry tons of biosolids by 2025. 

Several potential disposal routes are being investigated including land application on the Inland Bay RWF 
effluent disposal fields. As mentioned above, it is recommended that if biosolids are planned to be applied 
to the existing fields, phosphorus retention curves be conducted on the subsurface soils. 

Future Inland Bay Regional Wastewater Facility Liquid Treatment Plans 

Sussex County intends to expand the capacity of the liquid wastewater treatment capacity of the Inland 
Bays Regional Wastewater Facility from 2 MGD up to 4 MGD annual average flow. Recognizing the site 
limitation and planned expansion, WRA is currently providing studies of adjacent disposal area, for the 
planned expansion.  

To increase the plant wastewater treatment capacity a number of proposed structures will be added to 
existing facility. Two proposed Biolac aeration lagoons will mirror the existing Biolac aeration lagoons. A 
proposed effluent storage will be sized based on the increased capacity of the plant.  

The expansion of effluent disposal includes the addition of four spray fields in adjacent properties to the 
Inland Bays RWF. Based on the preliminary results the available lands have soils suitable for 
development of spray irrigation fields. The preliminary disposal capacity associated with this expansion 
would be 2.1 million gallons per day on days when spraying is allowed. These sites are currently wooded, 
and based on anecdotal evidence, the area has not been farmed for many decades. Therefore, it is 
expected these sites will not be nitrogen or phosphorus limited due to chemical fertilizer application. 

In order to mitigate the impacts by the proposed change in cover types, the stormwater management plan 
will comply with local regulations and the Sussex County Soil Conversation Districts recommendations.   

WRA has performed calculations of groundwater mounding on these sites using an analytical flow model 
to preliminarily assess the application rates.  Completion of the hydrogeologic investigation, including wet 
season monitoring will be needed to finalize conclusions and recommendations on mounding.   
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RECOMMENDATIONS 

Based on the information reviewed for the permit renewal application WRA provides the following 
recommendations: 
 

1.) Decrease the chemical nitrogen fertilizer applied to the wastewater disposal sites, 
2.)  Prior to applying biosolids or phosphorus chemical fertilizer to the existing fields, a 

subsurface soil investigation should be conducted to develop phosphorus retention curves, 
3.)  The potential impact on offsite domestic wells should continue to be monitored by Sussex 

County, 
4.)  The County should conduct an investigation of the collection system to determine the sources 

of sodium in the wastewater. 



SECTION 2











SECTION 3
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