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1 Executive Summary

1.1 Overview

Sussex County currently owns, operates, and maintains the Inland Bays Regional Wastewater Facility (IBRWF)
under State Permit No. LTS 5004-90-12.  This facility provides treatment of domestic wastewater and uses spray
irrigation to dispose of the treated effluent on 432.5 acres of irrigated agricultural land adjacent to the treatment
plant.  All of the treatment plant property and spray irrigation lands are owned by Sussex County.

Sussex County (County) would like to request a permit modification from DNREC to increase both the treatment
and disposal capacities of the IBRWF.

The County is seeking to increase the treatment capacity from 1.5 MGD to 3.0 MGD on an annual daily average
basis. The treatment facilities will be designed to treat 4.0 MGD on a maximum month basis.  To increase the
treatment capacity, Sussex County will expand its secondary treatment facility, currently achieving biological
nutrient removal (BNR) using a phased-aeration treatment process and secondary clarification.  The headworks,
disinfection, and solids handling systems will also be upgraded to handle the additional treatment capacity.

This expansion of IBRWF treatment capacity is the second of three phases.  This Phase 2 of expansion will add
two (2) additional phased-aeration treatment trains for BNR treatment, capable of treating an additional 2.0 MGD
of wastewater.  Upon completion of this phase, the IBRWF will be able to treat and dispose of a total of 4.0 MGD
on a maximum monthly basis. Upon completion of the third phase, the IBRWF will be able to treat and dispose of
a total of 6.0 MGD on a maximum monthly basis.

The County is proposing an increase in the disposal capacity of the IBRWF from 2.65 MGD to 6.96 MGD on an
annual average basis.  They plan to add approximately 442.9 acres of total area (347.9 wetted acres) by
developing four spray fields: Area A and B (south and north of Lawson Rd), and Area C and D (north and south of
Inland Bays Rd).  Fixed head spray irrigation systems will be used to discharge treated effluent onto County
owned wooded land.

The Inland Bays Regional Wastewater Facility (RWF) has an existing maximum month treatment capacity of 2.0
MGD. The Phase 1 plant upgrades, completed in 2010, added biological nutrient removal (BNR).  A dewatering
facility with belt filter press was added to the plant in 2014.  The existing plant includes the following liquid treatment
facilities:

�x Screening
�x Biolac Aeration Lagoons
�x Secondary Clarification
�x Disinfection
�x Effluent Storage Lagoons
�x Spray Irrigation

The solids handling and dewatering facilities consist of the following:

�x Secondary Sludge Pumping Station
�x Waste Sludge Holding Lagoon
�x Belt Filter Press Dewatering

A regional biosolids facility is included in other proposed upgrades at the facility and consists of a sludge receiving
and storage facility as well as a heat drying facility.  This facility will handle biosolids from Inland Bays and other
wastewater treatment plants including South Coastal RWF, Wolfe Neck WRF, Rehoboth Beach Sewage
Treatment Plant, and Lewes Wastewater Treatment Plant and Seaford Wastewater Treatment Facility.
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A regional septage receiving facility is included in the proposed upgrades and will take the place of the existing
septage receiving facility at the South Coastal WRF.

Overall facilities to be added and/or upgraded in Phase 2 include:

1) New Screening Facility
�x Two new mechanical screens in a new structure

2) New Grit Facility
�x Designed for a peak flow of 15 MGD, with the ability to expand to 22.1 MGD

3) New Aeration Lagoon Distribution Box
4) New Biolac Aeration Lagoon Expansion

�x Two additional aeration lagoons, to mirror existing Biolac aeration lagoons
5) New Clarifier Nos. 3 and 4

�x Similar design to existing Clarifiers No.1 and 2
6) New Pump and Blower Building

�x New building to house return and waste sludge pumps as well as space for future blowers
7) Regional Biosolids Facility

�x Biosolids facility sized for regional Sussex County and Rehoboth dewatered sludge
�x Facility to utilize indirect paddle-type drying unit
�x Truck unloading facility for dewatered cake
�x Unloading facility to integrate with existing storage facility and dryer facility
�x Regional septage receiving station with dual preliminary treatment units

8) Effluent Filtration Facility
�x Designed for 18.7 MGD capacity

9) Effluent Irrigation Pump Station
�x Sized for new disposal fields
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2 Site Description

2.1 Location

The Inland Bays Regional Wastewater Facility (IBRWF) is located approximately 10 miles south of Lewes,
Delaware.  The treatment facility is situated on Sussex County owned land identified as parcel 2-34-22 on the
County tax map shown in Figure 2.1 .  The existing facility is specifically located on Parcel Nos. 14, 12, and 16 for
the treatment facility, North spray field, and South spray field, respectively.

Figure 2.1:  Sussex Co. Tax Map with IBRWF
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Figure 2.2:  IBRWF Phase 2 Project Area

2.2 Climate

Table 2.1  summarizes the temperature and precipitation given in the DNREC On Site Wastewater Treatment and
Disposal Systems Regulations, Exhibit JJ and KK. Data is for Georgetown, DE area.

Table 2.1. Inland Bays Temperature & Precipitation

Temperature, F Precipitation,
Inches

January 34.2 3.3
February 35.8 3.2
March 43.5 4.1
April 53.6 3.2
May 63.1 3.4
June 71.5 3.6
July 76.1 3.9
August 74.9 5.3
September 68.4 3.6
October 57.0 3.5
November 47.2 3.1
December 37.8 3.6
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2.3 Geology and Topography

The topography, soil, and hydrologic characteristics of the expansion fields are described in detail in the Soil
Investigation Report for Spray Irrigation; Map 234-21.00 parcels 151, 151.03, and Map 234-22.00 parcels 8.00,
10.00 (~442 acres +/-) prepared by Accent Environmental, LLC, December 5, 2016 and the Hydrogeologic Report
for Spray Irrigation Expansion at the Inland Bays Regional Wastewater Facilities in Sussex County, Delaware,
prepared by Whitman Requardt & Associates, October 26, 2017. These reports are attached in Appendices D
and F.

2.4 Access

Access to the treatment facility will not be affected by the proposed expansion. The IBRWF will still be accessed
by Inland Bays Road.

2.5 Surface Water Assessment

The IBRWF and its treated effluent disposal fields are located in two watersheds; Love Creek - Rehoboth Bay
HUC 020403030102 and Indian River Bay - Indian River Inlet HUC 020403030206. A surface water assessment
report (SWAR) for the IBRWF proposed spray irrigation fields is attached in Appendix H .

2.6 Monitoring Wells

There were sixteen (16) monitoring wells and one (1) observation well on the County owned parcels for Phase 1.
Twenty one (21) monitoring wells were constructed in the unconfined aquifer on the County owned parcels for the
Phase 2 expansion related spray irrigation fields, ranging from 14 to 26 feet deep. See Appendix F  for the
October 2017 Hydrogeologic Report for Spray Irrigation Expansion at the Inland Bays Regional Wastewater
Facilities in Sussex County, Delaware for further details about the Phase 2 monitoring wells.
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3 Site Layout

The Phase 2 expansion includes:

1.) Addition of a second Influent Screening Facility
2.) New Grit Facility
3.) Addition of two (2) new Aeration Lagoons
4.) Addition of two (2) new Secondary Clarifiers and a new pump and blower building
5.) Filtration Facility
6.) Irrigation Pumping Facility
7.) Regional Biosolids Facility
8.) Expansion Spray Irrigation Fields C and D

The site plan for the Phase 2 expansion is provided in Contract Drawing C02.01 and below as Figure 3.1 .
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Figure 3.1:  IBRWF Phase 2 Site Plan
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    The rate of spray application on the expansion fields is summarized in Table 3.1.

Table 3.1. Inland Bays Expansion Fields
Fields

Parameter A B C D

Total Area (acres) 149.8 13.1 90.0 190.0

Wetted Area (acres 117.7 10.3 70.7 149.2

Discharge Rate1 (mgd) 1.45 0.13 0.87 1.84

Effective Discharge
Rate2 (gpm) 4,200 380 2,500 5,300

Application Rate
(in/week) 2.5 2.5 2.5 2.5

1  Discharge rate is calculated for 7 day operation; intended for use as a basis of comparison.
2  Effective discharge rate is calculated for 40 hours per week projected run time for irrigation equipment.

A new irrigation pump station will be constructed as part of the treatment facility upgrade. Refer to Section 5.12
for more information about the effluent irrigation pumping system.
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4 Design Wastewater Characteristics

The purpose of this section is to establish average, minimum and peak flows and loads for the plant influent to be
used for the design. The Inland Bays Regional Wastewater Facility (RWF) has an existing annual daily average
treatment capacity of 1.5 MGD, and a maximum month treatment capacity of 2.0 MGD. Wastewater treated at the
IBRWF comes primarily from domestic sources. The Phase 2 facility expansion will increase the plants rated
maximum month treatment capacity to 4.0 MGD and an annual average treatment and disposal flow of 3.0 MGD.

Plant operating records from January 2012 through July 2020 were reviewed and tabulated.  The records include
plant influent concentrations (5-day Biochemical Oxygen Demand [BOD5], Total Suspended Solids [TSS], Total
Kjeldahl Nitrogen [TKN], Ammonia Nitrogen [NH3-N]), as well as daily average influent and effluent flows.  The
data were obtained from the monthly operations reports of the Inland Bays RWF.

All flow to the plant is pumped, and many of the stations manifold into common forcemains, making the actual
capacity of each station extremely variable.  The peak hour plant design criteria will be based on the projected
EDU and County Standard peaking calculations which projected equivalent dwelling units (EDUs) in the year
2030 in the collection areas. Projected EDUs were developed for each pump station, converted to flows based on
225 gallons per day per EDU, and summed together.

The plant receives raw sewage into the existing headworks screening facility through multiple forcemains. The
influent flow rate is measured at the secondary clarifier effluent. The influent sampler draws samples from the
channel downstream of the screening channels.

4.1  Influent Wastewater Characteristics

The historical influent flows to the IBRWF for January 2012 through July 2020 were analyzed. Flows are
summarized in Table 4.1.

Table 4.1 Historical Influent Flow, mgd

Year Min Month Annual Average Max Month Max Day1

2012 0.37 0.55 1.53 1.74

2013 0.37 0.59 2.12 2.12

2014 0.39 0.65 1.19 1.19

2015 0.46 0.71 1.07 1.58

2016 0.46 0.71 1.16 2.41

2017 0.51 0.98 1.38 3.48

2018 1.07 1.36 1.59 -

2019 1.07 1.39 1.73 -

20202 0.99 1.34 1.89 -
1 Max day data for 2017 to 2020 not reviewed
2 January through July 2020 data

All flow to the plant is pumped, and many of the stations manifold into a common forcemain, making the actual
capacity of each station extremely variable.  The peak hour plant design criteria will be based on the projected EDU
and County Standard peaking calculations as previously stated.

The information from the historical flows and the calculated peak hour flows were reviewed to determine the
appropriate design flows for the Phase 2 expansion. Table 4.2 summarizes the projected influent wastewater flows.
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Table 4.2. Design Influent Wastewater Flows

Condition Flow Rate, mgd

Summer Maximum Month ADF 4.0

Summer Average Month ADF 3.6

Winter Average Month ADF 2.8

Annual Average ADF 3.0

Max Day Flow 7.6

Peak Hour Flow 13.0

Similar to the definitions for flow variations, historical concentrations are summarized in Tables 4.3  through 4.8 for
BOD5, TSS, ammonia, temperature, pH, and alkalinity respectively. Beginning in 2017, influent total Kjeldahl
nitrogen (TKN) has been reported in lieu of ammonia.  The tables summarize the historic influent concentrations for
the following conditions:

Summer: June, July, August

Winter: January, February, December

Annual average: The average load for all the days in that year.

Maximum month: The maximum month value.

Table 4.3. Historic Influent BOD5

Year
Summer Average Summer Max Month Winter Average Winter Max Month

mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day

2012 188.5 1078 333.0 2430 187.3 683 218.6 825

2013 126.1 777 155.6 1724 135.2 550 189.5 1047

2014 241.2 1712 330.6 2725 214.0 923 282.9 1727

2015 166.1 1143 256.0 1780 208.4 1076 255.4 1942

2016 164.5 1087 203.9 1966 190.4 1010 275.7 1954

2017 120.1 1193 159.7 4638 169.1 909. 260.7 2992

2018 240.3 2801 301.4 3506 213.3 2203.   334.6 2990

2019 330.0 4609 376.5 5105 274.7 2500 278 2728

2020 292.3 4006 288.0 4536 233.7 2638 * *

Average 207.7 2045 267.2 3156 201.7 1384 261.5 2025

Max 330.0 4609 376.5 5105 274.7 2638 334.6 2992
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Table 4.4 Historic TSS Concentrations

Year
Summer Average Summer Max Month Winter Average Winter Max Month

mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day

2012 292.9 1676 360.0 4593 226.6 1676 296.0 1113

2013 340.0 2103 450.0 5521 240.0 977 412.0 3229

2014 414.4 3011 721.3 7164 253.2 1092 387.0 2362

2015 267.3 1859 376.0 3364 264.8 1368 350.0 2662

2016 309.5 2032 355.0 3394 337.9 1786 566.0 4024

2017 305.6 2923 400.0 3093 401.2 2160 488.1 5327

2018 495.3 5776 653.1 7605 383.6 4038 504.1 4506

2019 476.6 6679 579.3 8377 351.9 3189 619.2 7044

2020 180.4 4309 214.8 2153 279.8 3171 * *

Average 362.7 3257 456.6 5029 301.6 2012 452.8 3622

Max 495.3 6679 653.1 7605 401.2 4038 619.2 7044

Table 4.5. Influent Ammonia Concentrations

Year
Summer Average Summer Max Month Winter Average Winter Max Month

mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day

2012 45.2 256.7 52.5 575.5 40.6 256.7 49.7 186.9

2013 44.7 282.5 48.2 799.9 38.8 157.8 42.8 318.3

2014 46.9 335.9 55.4 550.3 40.0 172.1 44.6 227.7

2015 58.2 404.3 70.5 630.9 43.3 224.6 59.9 357.7

2016 48.8 316.8 54.7 466.7 38.5 209.2 47.7 375.7

2017 46.2 456.0 51.0 590.2 44.3 241.2 48.2 518.6

2018 43.3 504.7 47.7 583.6 40.4 419.7 45.6 438.0

2019 46.6 651.5 47.6 663.3 46.3 422.0 52.2 593.3

2020 57.6 733.3 60.8 609.0 47.2 532.4 * *

Average 48.8 319.2 54.3 607.7 40.2 204.1 48.9 377.0

Max 58.2 404.3 70.5 799.9 43.3 256.7 59.9 593.3
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Table 4.6. Influent TKN Concentrations

Year Summer Average Winter Average
mg/L lbs/day mg/L lbs/day

2018 65.2 760.7 57.5 616.5
2019 49.5 682.7 66.6 607.1
2020 76.6 986.9 57.8 651.5

Average 63.8 810.1 60.6 625.0
Max 76.6 986.9 66.6 651.5

Influent flows to the IBRWF are influenced by the partial year residents in the collection area. For the effluent
storage and disposal water balance presented in Section 7, a monthly influent flow peaking factor was developed
to more accurately reflect the change in influent flow over the calendar year.

Table 4.7  includes average influent flow peaking factors for each month. To evaluate if the peaking factors have
changed recently, or remained similar over time, the peaking factors for the period 2012 to present were
calculated and included in Table 4.7.
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Table 4.7. Influent Flow Peaking Factors

Month
Average Peaking Factor

2012 – July 2020

January 0.82

February 0.80

March 0.85

April 0.86

May 1.00

June 1.07

July 1.16

August 1.20

September 1.19

October 1.06

November 0.99

December 0.99

The IBRWF does not regularly measure influent phosphorus, nitrate, nitrite, sodium, or chlorides. The design
basis will be based on period samples, where available, and industry standards for typical municipal wastewater.
Based on the historic information, the design influent wastewater characteristics for the Phase 2 expansion were
developed. The proposed septage receiving station will discharge to the aerated sludge holding tanks. Table 4.8
summarizes the design influent wastewater characteristics.
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Table 4.8. Design Influent Wastewater Characteristics without Recycle

Constituent
Summer
Average

Summer
Average

Winter

Average

Winter
Average

Summer

Maximum
Month

Summer

Maximum
Month

Concentration

(mg/L)

Loading

(lbs/day)

Concentration

(mg/L)

Loading

(lbs/day)

Concentration

(mg/L)

Loading

(lbs/day)

BOD5 190 5,700 190 4,400 247 8,200

TSS 220 6,600 220 5,100 286 9,500

TKN 40 1,200 40 930 52 1,700

NH4-N 25 750 25 580 33 1,100

NO3,NO2 <1 <1 <1 <1 <1 <1

TN 40 1,200 40 930 52 1,700

TP 7 210 7 160 9 300

pH 5.5-9.0 --- 5.5-9.0 --- 5.5-9.0 ---

Sodium1 150 --- 150 --- 180 ---

Chlorides1 160 --- 160 --- 200 ---

Alkalinity 251 7,500 251 5,900 326 10,900

1 Any addition or removal of sodium or chlorides are incidental to the treatment process. The influent
concentrations are based on average effluent concentrations measured for the period 2011-2020

4.2  Effluent Wastewater Characteristics

The IBRWF has a spray irrigation permit (State Permit No. LTS 5004-90-12) issued by the State of Delaware
Department of Natural Resources and Environmental Control (DNREC) which allows land application of pre-
treated effluent to spray the fields.  The permit includes effluent limitations, monitoring requirements, and
application conditions for regulating parameters of the pretreatment facility and spray irrigation system.
Parameters regulated by the permit include influent and effluent flows, concentrations for specific pollutant
constituents, pH, chlorine residual, fecal coliform, application rates, and an annual nitrogen loading rate.
Monitoring requirements include frequency of sampling and sampling procedures for specific groundwater and
soil parameters.  A summary of key existing permit limits for the spray irrigation of treated effluent is provided in
Table 4.9 .
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Table 4.9. Key Existing Permit Limits for Spray Irrigation of Secondary Effluent

PARAMETER MAXIMUM
ALLOWABLE 1 VALUE

Biochemical Oxygen Demand
(BOD5)

50 mg/L Daily Average

Total Suspended Solids (TSS) 50 mg/L Daily Average

Fecal Coliform
200 colonies/100 mL
Daily Average

Chloride
250 mg/L Daily
Average

Sodium
210 mg/L Daily
Average

Total Residual Chlorine 1.0 mg/L Minimum 4.0 mg/L Maximum

pH 5.5 Minimum 9.0 Maximum

Maximum TN applied2 250 lb/yr/ac

1 State Permit No. LTS 5004-90-12.
2 TN load applied includes supplemental fertilizers, if any.

Table 4.10 provides a summary of the average weekly quantity of effluent discharged to the permitted spray
irrigation fields. The current permit states that the average quantity of effluent discharged to any portion of the
spray irrigation fields shall not exceed a maximum field application rate of 0.25 inches per hour.  A 24-hour rest
period between is required between applications.  The permit prohibits the application of wastewater during
periods of rainfall, snowfall and when the ground is frozen.



Inland Bays Regional Wastewater Facility, Phase 2 Expansion
Design Engineering Report

Sussex County

Page | 18

N:\14256-019\Engineering\Reports\Phase 2 DER\Phase 2 DER October 2020 Update\IBRWF Phase 2 DER Updated 10-2020.docx

The Groundwater Monitoring section of the permit requires grab samples be taken every quarter from the ten
monitoring wells located on the property and submitted in a report to DNREC.  However, the permit does not
provide requirements for the measured values. Table 4.11 provides a summary of the groundwater monitoring
parameters.

Table 4.10. Application Rate

FIELD AREA WETTED
ACRES

RATE
(inches/week/acre)

EFFLUENT
DISPOSAL
CAPACITY

(MGD)

North Field 103 1.86 0.743

South Field 103 1.86 0.743

North Burton Field 52 1.5 0.303

South Burton Field 41.9 1.0 0.163

North Hettie-Lingo Field 47.5 1.0 0.184

South Hettie-Lingo Field 30.48 2.0 0.236

East Hettie-Lingo Field 34.46 1.0 0.134

West Hettie-Lingo Field 20.16 2.0 0.156

‘A’ – Proposed 149.8 2.5 1.453

‘B’ – Proposed 13.1 2.5 0.127

‘C’ – Proposed 90.0 2.5 0.873

‘D’ – Proposed 190 2.5 1.843
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Table 4.11. Summary of Groundwater Monitoring Parameters

PARAMETER MAXIMUM
ALLOWABLE

UNITS
MEASUREMENT
FREQUENCY SAMPLE TYPE

Ammonia as Nitrogen mg/L Quarterly Grab

Depth to Water Hundredth of
feet Monthly In-Situ

Dissolved Oxygen mg/L Quarterly Field Test

Specific Conductance µS/cm Quarterly Grab

Nitrate + Nitrite as Nitrogen mg/L Quarterly Grab

Temperature oC Quarterly Field Test

pH S.U. Quarterly Field Test

Sodium mg/L Quarterly Grab

Chloride mg/L Quarterly Grab

Fecal Coliform Col/100 mL Quarterly Field Test

Total Dissolved Solids mg/L Quarterly Grab

Total Nitrogen mg/L Quarterly Grab

Total Phosphorus mg/L Quarterly Grab

The facility is required to submit a spray effluent discharge permit Compliance Monitoring Report (CMR) was
submitted in May 2017. The CMR reviewed the total nitrogen, phosphorus, sodium, chloride, and metals in the
wastewater effluent.

From the nitrogen balance spreadsheets included in the CMR, it was concluded that the application of chemical
fertilizer, not the application of wastewater that is the driver of the monthly excess nitrogen in the percolate. It was
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 chemical fertilizer is applied.

The average nitrate concentrations in the monitor well groundwater samples has been decreasing over time.
Table 4.12 summarizes the number of groundwater samples that contain nitrate samples above 10 mg/L.



Inland Bays Regional Wastewater Facility, Phase 2 Expansion
Design Engineering Report

Sussex County

Page | 20

N:\14256-019\Engineering\Reports\Phase 2 DER\Phase 2 DER October 2020 Update\IBRWF Phase 2 DER Updated 10-2020.docx

Figure 4.1  is a graph of the IBRWF quarterly average daily influent flow and effluent total nitrogen. Figure 4.1
illustrates the increasing influent flows at the same time as an effluent total nitrogen is generally trending down.

Figure 4.1:  IBRWF Influent Flow and Effluent Total Nitrogen

The Soils Report included in the CMR indicated 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 subsurface soils are removing
phosphorus, and therefore the majority of the existing spray fields still have remaining capacity to accept
additional phosphorus.

The Hydrogeologic Report included in the CRM 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.

Based on the historic information from the 2017 CMR, and the need to meet;

Table 4.12. Groundwater Nitrate

YEAR
SAMPLES ABOVE 10 mg/L

NITRATE : TOTAL
SAMPLES

% ABOVE 10 mg/L

2018 33 : 60 55

2019 18 : 75 24

2020 (Through June) 8 : 30 27
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�x Performance standard nitrogen level 2 (annual average total nitrogen < 10 mg-N/L),
�x Performance standard phosphorus level 2 (annual average total phosphorus < 8 mg-P/L,
�x And the unlimited public access requirements for potential off site use,

Table 4.13 summarizes the projected effluent performance goals after the Phase 2 expansion is complete.
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1 Any addition or removal of sodium or chlorides are incidental to the treatment process. The Effluent
Concentrations are based on average measured for the period January 2011 - July 2020

2 Average Effluent Concentration 2011- 2019

Table 4.13. Phase 2 Effluent Concentration Goals

CONDITION MONTHLY AVERAGE VALUE UNITS

BOD5 <15 mg/L

TSS <10 mg/L

NH4-N <1 mg/L

TN <10 mg/L

TP <8 mg/L

pH 5.5-9.0

Sodium1 150 mg/L

Chlorides1 160 mg/L

Fecal Coliform <20 MPN/100mL

Turbidity <5 NTU

Cadmium2 0.0005 mg/L

Copper2 0.013 mg/L

Lead2 0.002 mg/L

Nickel2 0.005 mg/L

Zinc2 0.039 mg/L
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5 Wastewater Treatment Facility Process Design

5.1 Overview

A facility expansion and regional upgrades are proposed to meet the County’s short and long-term growth
objectives.  The Phase 2 facility expansion will increase the plants rated treatment capacity to 4.0 MGD.  A future
expansion of the treatment process to 6.0 MGD is planned, and the proposed upgrades will include provisions to
facilitate this future expansion.

Overall facilities included in the Phase 2 Upgrade include:

1) New Screening Facility
2) New Grit Facility

�x Designed for a peak flow of 15 MGD, with the ability to expand to 22.1 MGD
3) New Biolac Aeration Lagoon Expansion

�x Two new aeration lagoons similar to the existing Biolac aeration lagoons
4) New Aeration Lagoon Distribution Box
5) New Clarifier Nos. 3 and 4

�x Similar design to existing Clarifiers No.1 and 2
6) New Pump and Blower Building

�x New building to house return and waste sludge pumps
7) Effluent Filtration

�x Designed to filter all effluent including for the future water re-use on adjacent properties
8) Irrigation Pump Station Facility
9) Regional Biosolids Facility

�x Biosolids facility sized for regional Sussex County and Rehoboth dewatered sludge
�x Facility to utilize indirect paddle-type drying unit
�x Truck unloading facility for dewatered cake
�x Unloading facility to integrate with existing storage facility and dryer facility
�x Regional Septage Receiving Station with dual units to provide redundancy

5.2 Process Description

The current IBRWF consists of an activated sludge process using cyclic aeration to provide BOD removal,
nitrification and denitrification in a same lagoon. IBRWF is using the extended aeration system Biolac® as
manufactured by Parkson.

Upstream of the Biolac lagoons is a dual mechanical screening facility. The screens remove large solids
from the raw wastewater. A manual bar rack is located in a third channel. The Phase 2 Expansion will
include a second screening facility, also containing two mechanical screens and a manual bar rack. The
two screening facilities will operate in parallel.

The existing IBRWF does not currently include grit removal, and although the process does not require grit
removal, inert solids will build up over time in the Biolac lagoons. The Phase 2 expansion will install a grit
facility downstream of the screening facilities.

The current IBRWF has two liquid treatment lagoons that operated in parallel. Positive displacement
blowers compress atmospheric air for use as process air. The process air is conveyed to long diffuser
chains that are suspended across a geomembrane-lined earthen basin and supply oxygen to the
wastewater. The process air is cycled on and off by actuated and automated valves at the end of each
diffuser chain. Aerobic and anoxic conditions are created within the same lagoon. The suspended diffuser
chains provide mixing when they are aerating. There is no other equipment located in the lagoon. IBRWF
utilizes a Biolac wave oxidation system, manufactured by Parkson. The Phase 2 Expansion will add two
additional Biolac lagoons.
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The flow from the Biolac lagoons flow by gravity to two existing circular secondary clarifiers to separate
settle-able solids from the treated wastewater, i.e. the secondary effluent. The settled solids collected in
the clarifier underflow are pumped by the return activated sludge (RAS) pumping station to the influent
distribution box. The Phase 2 Expansion will include two additional secondary clarifiers similar to the
existing clarifiers, and a second RAS and WAS pumping station.

As the secondary effluent flows by gravity to the chlorine contact tank, sodium hypochlorite solution is added to
provide disinfection. The treated effluent will then be pumped through cloth media filters to the two (2) existing
storage lagoons.

Sludge is wasted from the system with waste activated sludge pumps located in the RAS pumping stations.
The waste activated sludge (WAS) is stored in two waste sludge lagoons. The waste sludge lagoons are
equipped with floating mixers and aerators.

Sludge is pumped from the sludge storage lagoons to the belt filter press for dewatering. Dewatered biosolids are
currently permitted for land application on-site.

5.3 Process Flow Diagram

The process flow diagram is included in the Contract Drawings as M00.02.

5.4 Hydraulic Profile

The hydraulic profile is included in the Contract Drawings as M00.04.

5.5 Level of Treatment

As stated in Section 4 above, the IBRWF effluent goals include PSN-2 and PSP-2. See Section 4 for influent
characteristics and detailed effluent characteristics.

A summary of the design parameters for the IBRWF Phase 2 Expansion are included in Table 5.1 .
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Table 5.1. Summary Design Parameters

FACILITY QUANTITY DESIGN PARAMETERS

Headworks �x 2 Existing
�x 2 New

�x Type – Automatic Mechanical Screen
�x Capacity Per Screen – 6.5 MGD Each
�x Openings – ¼ inch

Grit Facility �x 2 New
�x Type – Induced Vortex
�x Capacity Per Tank – 7 MGD Each

Aeration Lagoons �x 2 Existing
�x 2 New

�x Type – Biolac Aerated Lagoon
�x Volume Per Lagoon – 1.76 MG Each
�x Design SRT (Summer/Winter) – 39 / 46 days

Aeration Diffuser
Capacity

�x 416 Diffusers
per Lagoon

�x Type – Fine Bubble
�x AOR Per Basin – 213 lbs Oxygen / Hour / Basin

Blower Capacity �x 3 Existing
�x 2 New

�x Type – Positive Displacement
�x Capacity per Blower – 2,200 SCFM Each
�x Discharge Pressure – 6.6 PSIG

Clarifiers �x 2 Existing
�x 2 New

�x Type – Circular
�x Diameter – 85 FT
�x Sidewater Depth – 14 FT
�x Peak Surface Overflow Rate – 800 GPD/ sq ft
�x Peak Solids Loading Rate – 26.1 lbs/day/sq ft

Effluent Filtration �x 4 New
�x Type – Cloth Media
�x 4.67 MGD Capacity, Each

Effluent Storage
Lagoons

�x 2 Existing �x Type – Lined Earthen Lagoons
�x Volume – 71 MG Total

5.6 Schematic of Pump Stations and Unit Processes

Flow from the IBRWF collection system is pumped by a network of lift stations and regional pump stations to the
IBRWF headworks. The wastewater then flows through the IBRWF by gravity. The treated effluent can be is then
pumped from the chlorine contact tank effluent through the filtration facility and into the two (2) storage lagoons.

The stored effluent is pumped from the storage lagoon Nos. 1 and 2 to spray irrigation rigs and the irrigation loop.
The irrigation loop is planned for also providing irrigation water to adjacent agricultural lands not owned by the
County.

See Drawing M00.02 for the storage lagoon schematic.

5.7 Basin/Tank Volumes

The volume of the two existing and two new aeration lagoons are included in Table 5.2.
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Table 5.2. Aeration Lagoon Capacities

Basin Name Volume
(Million Gallons)

Aeration Lagoon, ea 1.76
Aeration Lagoons (2), Existing total 3.52
Aeration Lagoons (4), Total with
Phase 2

7.04

With four lagoons on line at the maximum month summer design flows of 4.0 MGD, the aeration lagoons will
provide 42 hours of hydraulic retention time. At the summer design mixed liquor suspended solids (MLSS) of
2,950 mg/L, the system will provide a sludge age of 34 days during maximum month design flows, and 39 days at
average summer design flows.

Details for the secondary clarifiers is included in Table 5.3.

Table 5.3. Secondary Clarifiers

Existing/New Secondary Clarifiers 2 / 2

Diameter, ft 85
Side Water Depth, ft 14
Average Surface Overflow Rate,
GPD/FT2

190

Peak Surface Overflow Rate,
GPD/FT2

800

Average Solids Loading Rate,
Lbs/Day/FT2

12.2

Peak Solids Loading Rate,
Lbs/Day/FT2

26.1

Details regarding the chlorine contact tank are included in Table 5.4.

Table 5.4. Chlorine Contact Tank

Existing Chlorine Contact Tank
Volume, Gallons

150,000

Phase 2 Peak Hour Flow, MGD 13.0

Contact Time at Peak Hour Flow,
Minutes

16

5.8 Storage Capacities

The volume of the two existing lagoons are included in Table 5.5 .
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Table 5.5. Storage Capacities

Storage Lagoons Volume
(Million Gallons)

Storage Lagoon No. 1 (Existing) 31
Storage Lagoon No. 2 (Existing) 39
Total Storage Lagoons 71

The average influent flows to the IBRWF vary seasonally, therefore a winter and a summer design average flow
have been developed. The distinction between winter and summer flows is significant to the spray irrigation and
storage facilities. Information relevant to storage volume calculation from Table 4.2 is provided in Table 5.6 .

Table 5.6. Influent Wastewater Flows

Condition Flow Rate, mgd

Summer Average Month ADF 3.6

Winter Average Month ADF 2.8

Annual Average ADF 3.0

Storage has been more utilized more in the winter months, and therefore the winter average daily flow is used to
determine the minimum storage volume required by IBRWF to meet Section 6.3.2.3.12.1 of the On Site
Wastewater Regulations. The section states that ‘municipal systems require a minimum of 45 days storage unless
other disposal options are permitted’. Sussex County has discussed other disposal options with DNREC, and will
pursue them separate from the IBRWF expansion. The annual average of 3.0 MGD times 45 days equals 135
million gallons of storage. Figure 3.1  indicates the space reserved for an effluent storage lagoon that could
provide the 45 days of storage, if needed in the future.

5.9 Pumps, Blowers, and other equipment

The capacity and design criteria of the pumps, blowers and other equipment is indicated on Drawing M00.03 in
the Contract Drawings.

5.10 Screening Facility

The Phase 2 Expansion will include a second screening facility, containing two mechanical screens and a manual
bar rack. The two screening facilities will operate in parallel. Screenings that are collected will be washed,
compacted and conveyed to a dumpster. Design information for the screening facility is included in Table 5.7.
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Table 5.7. Screening Facility

Number of Mechanical Screens 2
Flow Capacity per Screen, MGD 6.5
Screen Opening, Inches ¼”

5.11 Grit Facility

The Phase 2 expansion will install a grit facility downstream of the screening facilities. The grit facility will have
two forced vortex grit removal in parallel, and a bypass channel. The grit that is collected will be washed and
deposited into a dumpster. Design information for the grit facility information is included in Table 5.8.

Table 5.8. Grit Facility

Number of Grit Tanks 2

Flow Capacity per Tank, MGD 7

5.12 Filtration Facility

A filtration facility will be added with Phase 2 to provide filtration for all the IBRWF effluent, including the re-use on
adjacent agricultural lands not owned by the County. The filtration facility is sized to process up to 18.7 MGD of
flow. Design information for the filtration facility is included in Table 5.9 .

Table 5.9. Filtration Facility

Number of Filters 4
System Flow Capacity, MGD 18.7
Filtration Degree, microns 10

5.13 Chemical Addition

Sodium hypochlorite solution is added upstream of the chlorine contact tank for disinfection to meet the spray
irrigation permit. The system is existing and will not be modified with the Phase 2 expansion.

A polymer is added to the belt filter press influent to aid in floc formation and improve dewatering performance.
The system is existing and will not be modified with the Phase 2 expansion.

5.14 Influent and Effluent Flow Metering

The influent flow is measured at the secondary clarifier effluent. Since there is no equalization tank, the overflow
from the secondary clarifiers is the same as the influent flow. Secondary effluent is measured by a magnetic flow
meter, flows are recorded in the process control system historian database.

5.15 Sludge Production and Disposal Process

Sludge production at the IBRWF will be affected by increased flows and loads that are planned to the facility. In
addition, Sussex County plans to begin receiving septage, after not receiving septage for several years. The
planned septage will be pumped to the sludge storage tanks and have minimal impact on the main liquid
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treatment process. To maintain sufficient oxygen in the sludge storage tanks, each sludge storage tank will each
have two existing floating mixers (4 total) replaced with a 20 hp surface aerator.

The planned septage would increase sludge production by approximately 1,400 lbs dry solids per day at the
15,000 gallons per day of septage anticipated.

The total Phase 2 design sludge quantities including those expected from septage are presented in Table 5.10.

Table 5.10. Sludge Production

Condition Value

Sludge Production Annual Average,
lbs dry solids/day

4,800

Sludge Production Annual Average
volume, gallons per day

72,000

Sludge Production Maximum Month
Summer, lbs/day 6,750

Sludge Storage Tank Volume, Total,
Million Gallons 3.35

Sludge HRT without decant at Annual
Average, days 46.5

Sludge is dewatered on a 2-meter belt filter press with a design hydraulic capacity of 200 gpm. During the Phase
2 maximum month conditions, the belt filter press is anticipated to operate 8 hours a day 5 days a week.

The dewatered cake is currently permitted for on-site land application. A project to install a heat drying facility is
being constructed and will produce Class A biosolids. The County plans to haul the dried solids to a landfill or use
for beneficial re-use.

5.16 Overview of Process Control and Alarming

The IBRWF has an existing process control and alarming system that will be expanded for the Phase 2
expansion.

The control of the Biolac lagoon system is accomplished through the use of a manufacturer packaged control
system. The lagoons cyclic aeration system and blowers are operated on a continual basis. Blower output is
controlled manually, and blowers are brought on line depending on the dissolved oxygen measurements in the
lagoons.

5.17 Calculations

5.17.1 Process Design Calculations

The IBRWF Phase 2 Expansion design utilized the BioWin® wastewater treatment process simulator software
developed by EnviroSim of Hamilton, Ontario, Canada to estimate the process performance. The BioWin model
was checked against actual recent plant performance. The parameters used in the BioWin model are included in
the annual average conditions model run report included in Appendix A.

The process aeration requirements were verified using an Excel spreadsheet included in Appendix B.
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The sizing of the secondary clarifiers and RAS and WAS pumping rates was completed in the Phase 1 design,
with Phase 2 adding two similar secondary clarifiers along with an associated pumping station.

The proposed four (4) parallel lagoon system was evaluated using the activated sludge model in the BioWin®
Process Simulator (v5.0) with the design maximum month design conditions (both summer at 20C and winter at
12C), assuming that all lagoons are in service, and with average summer conditions with one lagoon out of service.
The BioWin® model configuration is depicted in Figure 5.1 , and a summary of the modeling results are summarized
in Table 5.11 and 5.12.

Figure 5.1 Aerated Lagoon Process Configuration (BioWin®).

Table 5.11. BioWin Modeling Results Summary

Secondary Clarifier Effluent Average Month,

Summer with
One Lagoon

Out of Service

Maximum
Month,

Summer

Annual
Average

Month, Winter
Temp

Flow 3.8 MGD 4.2 MGD 3.0 MGD

MLSS 3,000 mg/L 2,900 mg/L 3,500 mg/L

BOD5 1.0 mg/L 1.0 mg/L 0.9 mg/L

TSS 3.0 mg/L 2.8 mg/L 3.5 mg/L

Ammonia 0.1 mg/L 0.3 mg/L 0.1 mg/L

TKN, Filtered 1.9 mg/L 2.8 mg/L 2.2 mg/L

Nitrate/Nitrite 0.6 mg/L 4.8 mg/L 3.4 mg/L

Total Nitrogen 2.6 mg/L 7.7 mg/L 5.8 mg/L

WW Temperature 20 oC 20 oC 12 oC

Influent

Effluent

Dewatered Sludge

Sludge Storage

Bioreactor 1 Bioreactor 2 Bioreactor 3 Bioreactor 4

Bioreactor 5 Bioreactor 6 Bioreactor 7 Bioreactor 8

Septage

From
Headworks
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Table 5.12. BioWin Modeling Aeration Requirements

AOR Per
Lagoon

(lbs O2/day)

SOR Per
Lagoon

(lbs O2/day)

Air Flow per
Lagoon

(scfm)

Maximum Month 4,510 9,975 2,150

Average Month 2,980 6,580 1,450

5.17.2 Wastewater Disposal System Sizing

The wastewater disposal system was sized to provide sufficient capacity to eliminate the effluent storage lagoons
(71 MG) within 90 days during Phase 2 annual average influent flows of 3.0 MGD. See the water balance
spreadsheet in Section 7.

5.17.3 Dosing

Sodium hypochlorite solution (nominal 12.5wt% NaOCl) is stored in an existing 7,000 gallon tank and is dosed to
the RAS piping for control of filamentous, and upstream of the chlorine contact tank for disinfection.

For control of filamentous a rate of 1-2 lbs of chlorine per 1,000 lbs of mixed liquor suspended solids per day is
recommended. Hypochlorite solution will be piped to the Phase 2 proposed Pump and Blower Building No. 2 for
this purpose, similar to the existing system.

Chlorine dosing for disinfection of the secondary effluent varies based on the wastewater characteristics but
generally varies between 5 and 10 mg/L. The chlorine dosing and contact tank are not being modified for Phase
2. At the Phase 2 peak hour flow of 13 MGD, the existing 150,000 gallon chlorine contact tank will provide 16
minutes of contact time.

For Phase 2, provisions will be included to dose hypochlorite solution to the tertiary effluent, downstream of the
pressure filters. A dose of 10-20 mg/L is recommended to maintain daily average fecal coliform concentrations
below 20 colonies per 100 mL..

A liquid polymer is added to the sludge feed to the dewatering facility (belt filter press) to cause suspended solids
to flocculate to improve the dewatering efficiency. The polymer and dewatering facility is not being modified in
Phase 2.

5.17.4 Sludge Production

Sludge production was estimated using the BioWin® wastewater treatment process simulator software developed
by EnviroSim of Hamilton, Ontario, Canada.
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5.18 Effluent Disposal System

5.18.1 Disposal System Type

The IBRWF uses spray irrigation for effluent disposal. The Phase 2 Expansion will include the development of
four new irrigation fields, ‘A’, ‘B’, ‘C’ and ‘D’. These fields are wooded with primarily pine trees. A fixed head
irrigation system will be installed to spray on the wooded area.

5.18.2 Effluent Conveyance and Distribution

See Figure 2.2  for a site plan of the planned irrigation system.

5.18.3 Flow Metering and Recordation

Flow pumped from the Storage Lagoon No. 2 by the Filtered Irrigation Pump Station is measured by a magnetic
flow meter. The flow will be recorded in the Process Control System data historian database. See flow meter
location on Drawing M09.01 in the Drawings.

5.18.4 Disinfection

There are provisions to dose sodium hypochlorite solution to the Filtered Irrigation Pump Station discharge. The
need to add hypochlorite will be as needed to maintain a fecal coliform concentration less than 20 colonies/100
mL at the discharge of the pump station.
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6 Soil Report

The Soil Investigations Report for the Inland Bays Regional Wastewater Treatment Expansion titled ‘Soil
Investigation Report for Spray Irrigation, Map 234-21.00 parcels 151.00, 151.03 and Map 234-22.00 parcels 8.00,
10.00 (~443 acres +/-)’ by Accent Environmental, llc, dated December 5, 2016 is included in Appendix D .

The Soil Investigations Report for the Inland Bays Regional Wastewater Treatment Existing titled ‘Soil Report, as
part of 5-Year Compliance Monitoring Report; Inland Bays Regional Wastewater Facility; Sussex County, DE TM:
234-22.00 parcels 11.00, 11.01, 12.00, 16.00 and 19.00, Inland Bay Road, Millsboro, DE’ by Accent
Environmental, llc, dated February 22, 2017 is included in Appendix E .
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7 Water Balance

A water balance was developed for;

�x All existing spray irrigation fields
�x Expansion Fields A,B, C and D,
�x Off site RIBS,
�x Constructed wetlands,

and considered the total treatment capacity, and effluent storage for 45 days of 3 MGD annual average flow
capacity, i.e. 135 million gallons.

The water balance utilizes the spray field application rates shown in Table 7.1.

Table 7.1. Spray Field Weighted Average Application Rate

Parcel Status Wetted
Area

Spray Rate Effluent
Disposal
Capacity

(Acres) (Inches/
Week) (MGD)

South Field Existing 103 1.86 0.74

North Field Existing 103 1.86 0.74

North Burton Field Existing 52 1.5 0.30

South Burton Field Existing 46.9 1 0.18

North Hetti-Lingo Existing 47.5 1 0.18

South Hetti-Lingo Existing 30.48 2 0.24

East Hetti-Lingo Existing 34.46 1 0.13

West Hetti-Lingo Existing 20.16 2 0.16

Area A (south of Lawson Rd) Proposed 117.7 2.5 1.45

Area B (north of Lawson Rd) Proposed 10.3 2.5 0.13

Area C (north of Inland Bays Rd) Proposed 70.7 2.5 0.87

Area D (south of Inland Bays
Rd) Proposed 149.2 2.5 1.84

Total IBRWF Phase 2 --- 780.4 --- 6.96
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IBRWF has an agreement in place to transfer 0.225 MGD to the Stonewater Creek WRDF RIBS facility. The
transfer amount will increase to 0.45 MGD if the RIBS facility adjacent to IBRWF is permitted. Sussex County
plans to submit the application for the permit in the near future.

A constructed wetlands is also planned to be permitted and constructed. The constructed wetlands will have a
design disposal rate of 0.5 MGD. The basis for the proposed water balance is presented in Table 7.2.

Table 7.2. Water Balance Parameters for Existing and
Proposed Facilities

Parameter Value

Treatment Flow, Average Month, MGD 3

Treatment and Storage Lagoons1

Surface Area, acres 41.1

Spray Irrigation Fields, Wetted Acres 780.4

Transfer to Off Site RIBS 0.45 MGD

Transfer to Constructed Wetlands 0.5 MGD

Storage Lagoon Volume, MG 135
1 4 x Treatment Lagoons, 2 x Existing Storage Lagoons, 1 x Future Storage Lagoon

A separate table was developed for each spray field. The individual field tables include the spray application rates
specific to that field, along with a proportion of the influent flow allocated to the field. The influent flow is a linear
proportion of the individual fields application rate divided by the total spray irrigation rate times the annual average
flow. For example, the North Field influent allocation is presented in Table 7.3 .

Table 7.3. North Field Influent Allocation

Parameter Value

North Field Effluent Disposal Rate,
MGD

0.74

Total Spray Effluent Disposal Rate,
MGD

6.96

Ratio of North Field : Total Disposal
Rates 0.106

IBRWF Annual Average Daily Influent
Flow, MGD 3

Influent Flow Allocated to North Field,
MGD 0.32

A summary water balance was then developed by summing the net disposal rates for the individual fields.

The water balance calculations assume the storage lagoon(s) are full at the beginning of the lowest 90
consecutive days of excess disposal rate. The goal is to empty the storage lagoons while also disposing average
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flows within 90 days. In the full Phase 2 expansion scenario the irrigation fields are sufficient to meet this
requirement. The Excel file will be included on a CD with the permit application.
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8 Nitrogen Balance

A nitrogen balance was developed for all existing spray irrigation fields and the Expansion Fields A, B, C and D,
and considered the total treatment capacity. The goal is to maintain the monthly total nitrogen content in the
percolate less than 10 mg/L.

The basis for the nitrogen balance are presented in Table 8.1.

Table 8.1. Nitrogen Balance Parameters

Parameter
Existing and
Proposed Facilities

Treatment Flow, Average Month, MGD 3

Total Nitrogen in Treated Effluent,
mg/L 10

Ammonia in Treated Effluent, mg/L 1

Spray Irrigation Fields, Wetted Acres 780.4

Crop Type

See Section 9
Vegetative
Management Plan
Year 2020

Crop Nitrogen Uptake and Fixation
Rates

As indicated in
DNREC Crop
Reference Table1

and adjusted for
recent crop yields

1 Reference Table titled ‘2018 02 15 Crop Reference (2).xlsx’ as downloaded from the DNREC GWD Spray Irrigation Resource
Page on the dnrec.delaware.gov website

The design nitrogen balances presented here assume the winter cover crop, where applicable, will be plowed
under in the spring. See the Section 9 – Vegetative Management Plans for actual crop planning for the existing
spray fields. The expansion fields A, B, C and D will remain wooded with selective removal as needed.

The existing spray irrigation permit allows up to 250 lbs a year of nitrogen can be applied to the fields. If any
fertilizer is applied prior to a crop being planted, the nitrate concentration in the percolate will exceed 10 mg/L.
The nitrogen balance assumes no fertilizer is applied. If any fertilizer were to be applied, it would have to be
applied after the crop is established and up-taking nitrogen.

The nitrogen balance indicates the fields are able to accommodate the spray irrigation rates indicated with one
exception. For the crop rotation indicated in Section 9, for calendar year 2020, The East and North Hettie Lingo
fields exceed 10 mg/L nitrate in the percolate in June. This is due to the net loss of water to the field due to
evaporation, and the field being planted in soybeans, which do not up take nitrogen until July. The similar West
and South Hettie Lingo fields do not encounter this issue in 2020 as they have a higher permitted spray
application rate. To resolve this, the Hettie Lingo fields that are planned to be planted in soybeans, cannot be
irrigated with effluent in the month of June. The spray irrigation rate for June for the East and North Hettie Lingo
fields are set to zero for the nitrogen balance and water balance calculations.

A similar situation occurs for the North and South Burton Fields in calendar year 2021 crop rotation. These fields
are planted in soybeans, and in June, prior to planting, the nitrate concentration in the percolate exceeds 10 mg/L.
So the irrigation rate is set to zero for June for these two fields.
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The Excel file with all of the individual field nitrogen and water balances will be included on a CD with the permit
application.
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9 Vegetative and Forestry Management Plan

A crop plan extending through calendar year 2022 is included in Table 9.1 . The crop rotation will be continued in
the same pattern beyond 2022.

The expansion fields A, B, C and D are currently wooded with primarily pine trees. Access roads will be cleared to
allow for the installation and maintenance of the irrigation piping and spray heads. Otherwise the existing foliage
will remain undisturbed.

Table 9.1. Crop Plan

Field 2020 2020 2021 2021 2022 2022

Spring Fall Spring Fall Spring Fall

North Corn Wheat Soybean Barley Corn Wheat

South Soybean Barley Corn Wheat Soybean Barley

North Burton Corn Wheat Soybean Barley Corn Wheat

South Burton Corn Wheat Soybean Barley Corn Wheat

North Hettie
Lingo Soybean Barley Corn Wheat Soybean Barley

South Hettie
Lingo Soybean Barley Corn Wheat Soybean Barley

East Hettie
Lingo Soybean Barley Corn Wheat Soybean Barley

West Hettie
Lingo Soybean Barley Corn Wheat Soybean Barley

‘A’ Pine Pine Pine Pine Pine Pine

‘B’ Pine Pine Pine Pine Pine Pine

‘C’ Pine Pine Pine Pine Pine Pine

‘D’ Pine Pine Pine Pine Pine Pine

Table 9.2  provides expected crop yields, planting and harvesting timing, fertilizer application rates and timing,
and

As was recognized in the 2017 CMR, the application of chemical fertilizers must be used sparingly, and the
application must only be during periods of crop up-take to avoid exceeding the 10 mg/L nitrogen concentrations in
the percolate.

See Section 8 for nitrogen balance calculations and discussions. See Section 10.1 for phosphorus discussion.

Sussex County plans to follow a Forestry Management Plan similar to the one developed by the Delaware Forest
Service for the Comfort Burton Tract, see Appendix I , for the Expansion Fields A, B, C and D.
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Table 9.2. Vegetative Management Plan Schedule

Crop Planting Harvest
Typ
Yield
(bushels)

Fertilizer
Amount
(lb/acre)

Fertilizer
Timing

Soybean June November 25 0 July

Corn April October 150 0 May

Wheat November June N/A 0 N/A

Barley December March N/A 0 N/A
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10 Constituent Loading Rates

10.1 Phosphorus

A design phosphorus balance was developed to demonstrate a conservative scenario. Based on recent crop
yields (2011 to 2015) indicated in the 2017 CMR for the existing fields, soybeans generally remove a lower level
of phosphorus when compared to corn. Soybean yields were as low as 37.3 bushels per acre during 2011 - 2015.
Using a phosphorus removal rate of 0.84 lbs P2O5 per bushel of soybeans, equates to 31.3 lbs P2O5 removed per
acre.

The design phosphorus concentration in the effluent is 8 mg/L. At an irrigation rate of 2.5 inches per week (the
maximum of any of the fields), phosphorus would be applied at a rate of 18 lbs / acre, which is less than the
harvested crops would remove.

From the Soil Investigation Report for the IBRWF Spray Expansion, dated December 2016 by Accent
Environmental, llc, found the following for the expansion fields that were studied :

“Soil phosphorous concentrations in the P2O5 form ranged from 4.6 to 133 mg kg-1. This range is skewed due to
the presence of three sample outliers that had concentrations of 87, 117 and 133 mg kg-1. If those three samples
are not considered, P2O5 concentrations ranged from 4.6 to 27.5 mg kg-1 and would be considered very low.”

The SIR is included as Appendix D , and should be consulted for additional details.

10.2 Metals

From the Soil Investigation Report for the IBRWF Spray Expansion, dated December 2016 by Accent
Environmental, llc, found the following for the expansion fields that were studied:

“The Total cadmium (Cd), nickel (Ni) and lead (Pb) concentrations were well below total maximum soil
concentrations permitted by the US EPA; 17 mg kg-1, 8 mg kg-1 and 188 mg kg-1 respectively.  Cadmium and Ni
were below detection levels and Pb concentrations ranged from below detection level to 9 mg kg-1.”

“The micronutrient zinc (Zn) was present in very low to low concentrations (1.6 to 10.1 mg kg-1) across the sites
and is expected given the nature of the soils. Zinc is readily available in the soil solution when pH is <6. However,
due to the low CEC levels and sandy textures, much plant available Zn is leached from the soil profile.”

“Copper (Cu) and boron (B) concentrations were very low to low across the study sites; 0.1 to 0.7 mg kg-1 and
~0.1 mg kg-1, respectively. The low pH of the soils is a factor in these low levels since Cu and B are less
available in the soil solution when pH drops below 5. Low CEC levels and sandy soil textures further contribute to
low concentrations of these micronutrients.”

The SIR is included as Appendix D , and should be consulted for additional details.

10.3 Land Limiting Constituent

Nitrogen and Phosphorus balances for the spray irrigation operation are discussed elsewhere in this DER, and
indicate spray irrigation will not cause the fields to exceed permit limits. The introduction of metals, lead, zinc,
copper, nickel and cadmium, to the spray fields, were evaluated in the IBRWF 2017 CMR.

In DNREC regulations (Exhibit HH), for a site with a soil cation exchange capacity of 0-5 meq/100g (as noted in
the 1989 DDR for this facility), the permitted cumulative limit for metal application rates to soils used for
production of food-chain crops are given in Table 10.1.
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Table 10.1. Application Rate Limits for Metals

Constituent
Application Rate
Limit

Pounds per Acre

Lead 500

Zinc 250

Copper 125

Nickel 125

Cadmium 4.4

Using the following:

�x Design site loading for 2020 and forward calculated using
1.) The effluent metal concentrations as indicated in Table 4.13,
2.) Spray irrigation rate annual average for the spray fields is the permitted disposal

capacity for each field as indicated in Table 4.10.
3.) For existing fields, the years already in use are subtracted from that determined using

the design site loading rates,

the site life remaining was calculated and is shown in Table 10.2.
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Table 10.2. Site Life Remaining for Metals

Field
Constituent

Design
Loading
Rate1

Application
Rate Limit Allowed

Years
Remaining

Lbs/Year Pounds per
Acre Pounds

North Field Lead 4.16 500 51,500 12,349

In Use for 26 years
Zinc 87.0 250 25,750 270

103 Acres
Copper 29.9 125 12,875 404

Nickel 11.3 125 12,875 1,118

Cadmium 1.20 4.4 453 353

South Field Lead 4.16 500 51,500 12,349

In Use for 26 years
Zinc 87.0 250 25,750 270

103 Acres
Copper 29.9 125 12,875 404

Nickel 11.3 125 12,875 1,118

Cadmium 1.20 4.4 453 353

North Burton Field Lead 1.69 500 26,000 15,401

In Use for 9 years
Zinc 35.3 250 13,000 360

52 Acres
Copper 12.13 125 6,500 527

Nickel 4.56 125 6,500 1,416

Cadmium 0.485 4.4 229 463

South Burton Field Lead 1.01 500 20,950 23,158

In Use for 7 years
Zinc 35.3 250 10,475 360

41.9 Acres
Copper 7.28 125 5,238 798

Nickel 2.74 125 5,238 2,162

Cadmium 0.291 4.4 184 702
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Table 10.2. Site Life Remaining for Metals

Field
Constituent

Design
Loading
Rate1

Application
Rate Limit Allowed

Years
Remaining

Lbs/Year Pounds per
Acre Pounds

North Hettie Field Lead 1.01 500 23,750 23,454

In Use for 7 years
Zinc 21.2 250 11,875 554

47.5 Acres
Copper 7.28 125 5,938 809

Nickel 2.74 125 5,938 2,162

Cadmium 0.291 4.4 209 711

South Hettie Field Lead 1.35 500 15,240 11,285

In Use for 6 years
Zinc 28.2 250 7,620 264

30.48 Acres
Copper 9.71 125 3,810 386

Nickel 3.65 125 3,810 1,038

Cadmium 0.388 4.4 134 340

East Hettie Field Lead 0.73 500 17,230 23,561

In Use for 6 years
Zinc 15.27 250 8,615 558

34.46 Acres
Copper 5.26 125 3,810 813

Nickel 3.65 125 3,810 2,173

Cadmium 0.210 4.4 152 715

West Hettie Field Lead 0.90 500 10,080 11,196

In Use for 6 years
Zinc 18.8 250 5,040 262

20.16 Acres
Copper 6.47 125 2,520 383

Nickel 2.43 125 2,520 1,030

Cadmium 0.259 4.4 89 337
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Table 10.2. Site Life Remaining for Metals

Field
Constituent

Design
Loading
Rate1

Application
Rate Limit Allowed

Years
Remaining

Lbs/Year Pounds per
Acre Pounds

Expansion Field A Lead 8.15 500 140,000 7,044

In Use for 0 years
Zinc 170 250 70,000 173

117.7 Acres
Copper 58.7 125 35,000 251

Nickel 22.1 125 5,238 667

Cadmium 2.34 4.4 1,232 221

Expansion Field B Lead 0.731 500 140,000 7,044

In Use for 0 years Zinc 15.3 250 70,000 173

10.3 Acres Copper 5.26 125 35,000 251

Nickel 1.98 125 5,238 667

Cadmium 0.21 4.4 1,232 221

Expansion Field C Lead 4.89 500 140,000 7,044

In Use for 0 years Zinc 102 250 70,000 173

70.7 Acres Copper 35.2 125 35,000 251

Nickel 13.2 125 5,238 667

Cadmium 1.41 4.4 1,232 221

Expansion Field D Lead 10.3 500 140,000 7,044

In Use for 0 years Zinc 216 250 70,000 173

149.2 Acres Copper 74.4 125 35,000 251

Nickel 28.0 125 5,238 667

Cadmium 2.98 4.4 1,232 221

1 Design Loading for 2020 and forward using concentrations in Table 4.13
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11 Project Phasing

The Inland Bays RWF Phase 1 expansion was constructed in 2009 giving the plant it’s existing permitted capacity
of a nominal 2.0 MGD.  The ultimate buildout plant capacity of a nominal 6.0 MGD can be achieved with adding
liquid process facilities and developing more spray irrigation fields for effluent disposal.  The proposed Phase 2
Plant Expansion includes the plant process upgrades and irrigation field expansion described within this report to
add a nominal maximum month 2.0 MGD of treatment capacity for a total nominal maximum month plant
treatment capacity of 4.0 MGD, and an annual average daily flow of 3.0 MGD.
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