1.1 LOCATION MAP
The Artesian Northern Sussex Regional Wastewater Recharge Facility (ANSRWRF) and associated Spray Irrigation sites are located in the Broadkill Hundred of Sussex County Delaware.  In general, the parcels comprising this project are located northwest of the Town of Milton.  In addition to being located just outside of the municipal boundaries of the Town of Milton, the project is centrally located between the Towns of Milford, Georgetown and Lewes.
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Figure 1-1:   Site Location - State of Delaware
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Figure 1-2:   Treatment Facility Location - Sussex County
For the purpose of this report, the proposed spray fields have been separated into seven (7) distinct areas which correspond to the seven areas used for the soils report, by Brickhouse Environmental.  See Figure 1-3 for spray field locations.
Spray Area 1 is soils Area G.  It is the most southwesterly parcel (2-35-13-6.00) comprising ±600 acres at the northwest corner of the intersection of Isaacs Road and the Milton Ellendale Highway (Route 16). The property extends several thousand feet west and crosses the railroad and Route 16 to Orchard Road.
Spray Area 2 is soils Area F.  It is a single parcel (2-35-7-7.00) comprising ±140 acres on the south side of Reynolds Pond Road, approximately midway between Isaacs Road and Cedar Creek Road. Area F extends south to the Ingram Branch.
Spray Area 3 is soils Area E.  It is a single parcel (2-35-6-21.00) comprising ±140 acres at the southwest corner of the intersection of Isaacs Road and Reynolds Pond Road.
Spray Area 4 is soils Area D.  It is ±120 acres comprising four parcels (2-35-6-11.00, 11.02 and 2-35-7-1.00,164.00) at the northeast corner of the intersection of Isaacs Road and Reynolds PondRoad. Area D extends north to the Sowbridge Branch.
Spray Area 5 is soils Area C.  It is a single parcel (2-35-7-27.00) located on the west side of Cedar Creek Road, just north of the intersection of Cedar Creek Road and Reynolds Pond Road, and comprises ±160 acres. Area C extends northeast from the intersection to Waples Pond and is bordered by the Sowbridge Branch and the Ingram Branch of Primehook Creek.
Spray Area 6 is soils Area B.  It is the most northwesterly area comprising three parcels (2-30-21-13.00, 35.00, and 35.01) and ±400 acres.  Area B is on the west side of Cedar Creek Road and includes area on the north and south sides of Sylvan Acres Road. Area B extends north to Slaughter Creek, and south to the North Prong of Primehook Creek.
Spray Area 7 is soils Area A is the most northeasterly single parcel (2-30-22-1.00) comprising ±180 acres at the northwest corner of Sylvan Acres Road and Clifton Road, extending north to Slaughter Creek.
[image: image3.jpg]AVAILABLE SPRAY IRRIGATION AREAS

N

\

| .

2
3
é’l'
SCR 227 I /
()
AREA 4/D
CR |3
AREA 3/E
8
4
AREA 2/F

# = DDR FIELD DESIGNATION (TYP.>
LETTER = SOILS FIELD DESIGNATION (TYP.)

AREA 1/G

D—E AREA 6/B
T AREA 7/A
\ T Hsca 381 /

0
=]

~\

AREA 5/C]

~

. FARMLAND SPRAY PROPOSED TREATMENT .
IRRIGATION PROPERTIES PLANT

Sl s

WOODLAND SPRAY
IRRIGATION PROPERTIES




Figure 1-3:   Spray Area Designations
1.2 CLIMATE
The ANSRWRF project, located in Sussex County, is in the middle latitudes where the general flow of the atmosphere from west to east favors a continental type of climate and four well-defined seasons.  The Atlantic Ocean has a considerable moderating control on the climate in all seasons, especially in moderating extreme temperatures of adjacent areas.  During the colder half of the year, frequent successions of high and low-pressure systems move along this west-to-east flow.  The alternate surges of cold dry air from the north and warm humid air from the south account for much of the variety in the daily weather.  This pattern tends to break down in summer, as warm moist air spreads northward from the south and southwest and remains over the area much of the time.

The warmest period of the year is the last of July, when the maximum afternoon temperature averages 89( F., except alone the coast, where it is nearer 85(.  A temperature of 90( or higher occurs on an average of 31 days per year, except along the coast, where it is only 19 days.  The coldest period is the end of January and the beginning of February, when the early morning minimum temperature averages 24(' at Bridgeville and 26( at Lewes.  The average annual number of days when the minimum temperature is 32( or lower ranges from 101 at Bridgeville to 93 at Lewes.  The highest recorded temperature, 110(, was at Millsboro on July 21, 1930.  The-lowest recorded temperature, -17(, was also at Millsboro, on January 17, 1893.  The 30-year mean temperatures for the U.S. Weather Service Station in Georgetown, in the center of the county, are shown in Table 1-1. The period between the occurrence of the last frost in spring and the first in fall, often defined as the growing season, averages 182 days at Bridgeville and 196 days at Lewes.

The average annual precipitation is 45 inches.  The monthly distribution is fairly uniform throughout the year, but the maximum is in August.  Most precipitation in the cooler half of the year is the result of low-pressure systems, moving northward or northeastward along the coast, while in summer it occurs as showers and thunderstorms.  Seasonal snowfall averages 16 inches.

Drought can occur in any month, but serious drought is more likely in summer.  Generally, rainfall and the stored soil moisture are adequate for good crop yields.  Unequal distribution of summer showers and occasional dry periods at critical stages of crop development make irrigation necessary for maximum crop yields in some years.  The 30-year mean precipitation values are presented in Table 1-1.

Table 1-1:  Thirty Year Mean Temperature and Precipitation
	Month
	Percent Daytime Hours*         (12 hours)
	Daytime Hours Calculated (hrs)
	Medium Temperature** (F)
	PET**
	Precipitation 5-yr Return*** (inches)

	 
	 
	 
	 
	 
	 

	January
	0.81
	9.72
	34.2
	0.1
	4.7

	February
	0.8
	9.6
	35.8
	0.1
	4.4

	March
	0.99
	11.88
	43.5
	0.7
	5.6

	April
	1.10
	13.2
	53.6
	1.8
	4.5

	May
	1.19
	14.28
	63.1
	3.3
	5

	June
	1.24
	14.88
	71.5
	4.8
	5.1

	July
	1.22
	14.64
	76.1
	5.5
	6.3

	August
	1.15
	13.8
	74.9
	4.9
	8.2

	September
	1.04
	12.48
	68.4
	3.6
	5.2

	October
	0.93
	11.16
	57.0
	1.9
	5.4

	November
	0.84
	10.08
	47.2
	0.9
	4.6

	December
	0.79
	9.48
	37.8
	0.2
	5.3

	
	
	
	
	
	

	*Table 702-1 of Regulations
	
	
	

	**Table 702-2 of Regulations (Georgetown)
	
	

	***Table 702-3 of Regulations (Georgetown)
	
	

	
	
	


Thunderstorms occur on an average of 30 days per year, mainly during the period May through August.  Tornadoes are rare and have in the past caused little damage.  Tropical storms or hurricanes affect the county about once a year, usually from August through October.  They are accompanied by strong gusty winds, high tides, and heavy rainfall, but most of them cause only minor damage.

Prevailing winds are from the west to northwest, except during the summer months, when they become more southerly.  The average annual wind speed is about 9 miles per hour, but winds may reach 50 to 60 miles per hour or even higher during summer thunderstorms, hurricanes, or intense winter storms.
1.3 GEOLOGY

Artesian Wastewater Management Inc. (AWMI) has prepared a Hydrogeologic Investigation Report and Groundwater Mounding Analysis to accompany this Design Development Report.  This report is included in Appendix 7.
The following is a general description of the stratigraphy/hydrology of the site, as described in the approved “Site Selection and Evaluation Report For the Proposed Villages of Elizabethtown Regional Spray Irrigation Project” prepared by Laurel Oak, LLC dated January 8, 2007.
The Columbia Aquifer is a litho logically complex hydrologic unit generally comprised of two surficial and one subsurface geological formation (FM.).  These deposits were laid down in a number of depositional environments including marine delta, estuarine, fluvial, swamp, marsh, and lagoonal (Ramsey and Schenck, 1990).  The major surficial units include the Pleistocene aged Lynch Heights and Scotts Corner Formations, the Pleistocene to Holocene aged Cypress Swamp Fm. and modern day Holocene deposits (Ramsey, 2001; Andres and Howard, 2000; and Andres and Duffy, 2003).  These surficial units are very heterogeneous and are compromised of admixtures of sand, silt, and clay.  Find-grained beds within these formations can serve as leaky confining units which locally confine the Columbia Aquifer in some locations.

Sediments of the Beaverdam Fm. are generally orangish tan, orangish brown, to yellowish tan where sub aerially exposed and weathered.  At deeper depths where the formation has not been weathered, the sands are typically white and gray.  Unweathered fine-grained strata which occasionally occur in the upper Beaverdam Fm. sometimes have blue and green hues.

Permeable loamy sands and sandy loams are the dominant textures of the Beaverdam Fm. encountered at the site.  As mentioned previously, fine-grained strata/horizons consisting of clay loams, sandy clay loams and silt loams do, however, occur in some locations at the site.  These strata are fine grained enough in some localities to cause temporary localized shallow perched water tables.  The relatively shallow depths to the seasonal high water table (limiting zone) in most areas is, however, likely due to the flat topography, low water-table gradients, and the lack of nearby major ground-water discharge areas to drain the site.

1.4 TOPOGRAPHY

The following summarizes the topographic nature of each spray site as well as the wastewater treatment site.  A topographic survey was performed at all of the sites by Artesian Consulting Engineers, Inc. (ACE), which is shown on the site drawings included in Appendix 20.  A USGS 7.5 Quadrangle Topographic Map is included in Appendix 8 for further reference.
Treatment Facility Site:  The treatment site is an agricultural field bordered by Route 30 on the west and Ingram Branch to the south.  Portions of the site along Ingram Branch are wooded. The site drains to Ingram Branch with consistent slopes typically between 1/4% and ½% across the majority of the site and then increasing to 5% as the site drops off into Ingram Branch.  
Spray Area 1: Spray Area 1 is divided into several different topographies.  One part of the site is used as an agricultural field.  Its is a fairly flat piece of land, with slopes on the eastern side of SCR 16 typically between 1/4% and ½%, with a max around 1.5% The smaller farmed field on the western side of SCR 16 has a typical slope between ½% and 1%, with a maximum of approximately 3%.  These fields are poorly drained, with numerous sumps keeping water on the site.  Another part is densely wooded.  This area is somewhat more topographic than the farmed fields.  The slope is mostly between ½% and 1%, with the steepest portions around 4%.  The wooded portion has several sumps as well.  And a third portion is a grassed field.  It is approximately sloped around ½ %.  It is the best drained of the regions, with the runoff directed away from the middle of the grassed region.  Most of the runoff is sent into the wooded region, and therefore remains onsite.  

Spray Area 2: Spray Area 2 is an agricultural field that borders the Ingram Branch to the south and Reynolds Pond Road (SCR 231) to the north.  A small wooded area (approximately 70’ deep) exists between the field and the Ingram Branch.  The site drains from east to west, with the north to south highpoint located in the northern half of the field.  Most of the site’s ground slopes between ½% and 1 ½%, with significantly steeper (as much as 8%) in the wooded area between the field and Ingram Branch.  Irrigation is currently provided to the field by 2 center pivots.  

Spray Area 3: Most of Spray Area 3 is a farmed field located along Reynolds Pond Road (SCR 231), with the northwest corner of the site remaining wooded.  The site drains inward on itself; most of the runoff is captured on site in one of several existing sump locations.  The majority of the site slopes between ½% and 1%, with a maximum of about 2 ½ %.  The farmed portion of the site is irrigated with a center pivot.

Spray Area 4: Spray Area 4 is divided between farm and woods.  The site is located at the intersection of Reynolds Pond Road (SCR 231) and Isaacs Road (SCR 230).  The northern portion of the site borders the Sowbridge Branch.  The site drains from the south and west towards the north and east, with the run off generally directed towards the Sowbridge Branch.  The site slopes between 1% and 2%, with a maximum slope of approximately 5%.  

Spray Area 5: Spray area 5 is divided into two separate farmed areas that are divided by a wooded area.  The site is located at the intersection of Reynolds Pond Road (SCR 231) and Cedar Creek Road (SCR 212).  The northern potion of the site borders the Sowbridge Branch and the eastern portion bordering the Ingram Branch.  The spray area drains from the center towards the two adjoining streams.  Most of the site slopes around 2%, with a maximum of 10% forming the banks of the streams.  

Spray Area 6: Spray Area 6 is located at the intersection of Cedar Creek Road (SCR 212) and Sylvan Acres Road (SCR 38).  The site is divided into a northern wooded arboriculture area and a southern farmed area.  The wooded area was planted as a tree farm and the rows will allow for more efficient installation and implementation of the proposed irrigation equipment than naturally grown woodland.  The southern portion of the site is farm land that is divided by Sylvan Acres Road (SCR 38).  The farm drains southerly towards the North Prong.  The portion of the farm located north of SCR 38 slopes about 1%, while the southern half of the farm slopes slightly more (approx 1 ½ %) towards the North Prong.  The greatest slopes on the site are around 5%.

Spray Area 7:  Spray Area 7 is located between Sylvan Acres Road (SCR 38) on the south and Slaughter Creek on the north.  The site is mostly farm, with a patch of trees located near the middle.  The southern half of the site slopes generally southwest to northeast, and the northern half slopes northerly towards the Slaughter Creek.  Most of the site slopes between 1% and 2%, with the banks of Slaughter Creek sloping around 5-6 %.  

1.5 ACCESS
WWTP site: The treatment plant site (parcel 28.00) is located along Route 30 approximately 4,000’ north of the intersection of Route 16 and Route 30. There is one (1) existing agricultural access to the parcel from Route 30.  The access is approximately 30-feet wide, unpaved with no culvert.  The proposed access to the wastewater treatment plant site will be from Route 30 as illustrated on the Treatment Plant Site Plan in Appendix 20.  It will be a 25-foot wide paved entrance and will require a Letter of No Objection from DelDOT prior to construction.
Spray Area 1:  Spray area 1 consists of two tax parcels.  The larger of the two parcels (parcel 6.05) is located at the North Western quadrant of the Route 30 and Route 16 intersection with frontages on both Route 30 and Route 16.  There are three (3) existing agricultural accesses to this parcel along Route 30 and two (2) existing agricultural accesses along Route 16.  The smaller of the two parcels (parcel 6.06) is triangular in shape and is bordered by Route 16 to the North, Saw Mill Road to the South and Orchard Road to the West.  There is an existing railroad track that runs along the North Eastern boundary of the parcel, parallel to Route 16.  There is an existing paved driveway that provides access to the parcel on Route 16 as well as two (2) agricultural accesses along Saw Mill Road and one (1) along Orchard Road.
Spray Area 2:  Spray area 2 (parcel 7.00) is adjacent to and just east of the treatment plant parcel.  The parcel frontage is along Reynolds Pond Road (Route 231).  There are three (3) existing agricultural accesses to the south portion of the parcel along Reynolds Pond Road and one (1) access to the north portion of the parcel.
Spray Area 3:  Spray Area 3 (parcel 21.00) is located at the South Western quadrant of the intersection of Route 30 and Route 231.  There is one (1) existing gated entrance to this site in the wooded section along Route 231.
Spray Area 4:  Spray Area 4 consists of four tax parcels.  The largest of the parcels (parcel 11.00) is the only parcel with frontage along a County Road (SCR 231).  The remaining three parcels within spray area 4 are landlocked.  There is an existing residence and associated agricultural buildings located on parcel 11.00.  There are four (4) accesses to this parcel along Route 231.  Two of the accesses serve the residence, one is paved and one is unpaved.  The other two (2) accesses are unpaved agricultural accesses.   The primary agriculture access should be the one located at the easternmost property corner.
Spray Area 5:  Spray Area 5 (parcel 27.00) is located along the east side of Cedar Creek Road (Route 212) just north of the intersection of Cedar Creek Road and Reynolds Pond Road.  There is an existing residence and associated agricultural buildings located on parcel 27.00.  There are two (2) agricultural accesses to the property along Cedar Creek Road although one is serves the residence as well.  The access at the northernmost property corner should be the primary access.
Spray Area 6:  Spray Area 6 consists of three tax parcels located at the north and south eastern quadrants of the intersection of Route 30 and Jefferson Road and Sylvan Acres Road (a.k.a. Jefferson Crossroads).  Parcel 13.00 has frontage along Route 30 and Sylvan Acres Road.  There is an existing agricultural Pole building on this property with a paved access from Sylvan Acres Road.  There is an existing residence and associated agricultural buildings located on parcel 35.01.  There is a break in the fence line for an agricultural access on Route 30.  Parcel 35.00 is located to the east of the previous two parcels with land on both the north and south sides of Sylvan Acres Road.  There is an existing gravel agricultural access to the both the northern and southern portions of the parcel from Sylvan Acres Road.  
Spray Area 7:  Spray area 7 (parcel 1.00) is located north west of the intersection of Sylvan Acres Road and Clifton Road with frontages on both roads.  There is an existing gravel agricultural access to the parcel from Sylvan Acres Road.
1.6 WELLS WITHIN 2500 L.F. OF FACILITY

Water Supply for the facility will be provided by Artesian Water Company.  Other water supply wells within 2,500 feet of the treatment and disposal areas are shown in the Appendix 9.  The locations of the existing wells are based on a field survey by Artesian Consulting Engineers as well as data received from a DNREC Well Search.
1.7
GROUNDWATER QUALITY BACKGROUND DATA
Groundwater quality background data will be gathered prior to the start of effluent discharge on the spray fields.  The location of the monitoring will be as shown in the Hydrogeological Report in Appendix 7. Groundwater monitoring shall be conducted in three primary areas:  up-gradient of the land treatment site to provide background information, directly beneath the site, and down-gradient of the site.  The results of the sampling shall be submitted to and received by DNREC’s Groundwater Discharges Section prior to the commencement of spray activities at any spray site.  The groundwater sampling will include the analysis of the following parameters:

	Parameter
	Unit Measurement

	 
	 

	Specific Conductance
	µS/cm

	Nitrate as Nitrogen
	mg/L

	Ammonia as Nitrogen
	mg/L

	Total Phosphorus
	mg/L

	Sodium
	mg/L

	Chloride
	mg/L

	Temperature
	mg/L

	pH
	S.U.

	Fecal Coliform
	Col/100mL


2.0 SCALE DRAWINGS 
The Preliminary Layout of the Treatment plant and Spray Irrigation facilities are provided as a separate set of drawings prepared by Artesian Consulting Engineers included in Appendix 20.
2.1  Pre-application Treatment Facility

In general, it is proposed that the wastewater influent will discharge into a headworks building which will provide primary screening and grit removal.  The wastewater will then be directed into the Biolac aeration basin(s) with internal clarifiers via a flow splitter.  Upon treatment in the aeration basin, the wastewater will undergo the process of coagulation, flocculation, filtration and finally disinfection.  The quality of the effluent will be continuously monitored at this point (for turbidity and UV transmittance) and if found to be acceptable it will be pumped into the irrigation lagoon, otherwise it will be sent into the storage lagoons or directly back through the treatment process.  The major elements of the treatment facility are described in greater detail in Section 10.0-PROCESS DESIGN FOR PREAPPLICATION TREATMENT FACILITY of this report.
2.2  Storage Ponds

There are four storage ponds proposed for the facility as illustrated in the Drawings.  The storage for Phase 1 is separated into two ponds.  One, referred to as the Irrigation Pond, has a volume of 21,000,000 gallons.  This volume provides for either 21 days of storage for Phase One (1 MGD) or 7 days of storage for all three phases (3 MGD).  This is the pond from which the water that is going to be pumped to the irrigation fields will be supplied.  The other Phase 1 pond, which functions for long-term storage, provides for the additional 39 days of storage for Phase 1 and thus has a volume of 39,000,000 gallons.  There is an overflow spillway between these two ponds that provides for spillover from the irrigation pond to the long-term storage pond. Phases 2 & 3 will each have a storage pond capable of providing 60 days of storage for one 1 MGD phase of the plant (60,000,000 gallons storage capacity each). Therefore; all four ponds combined will provide a total of 180,000,000 gallons storage capacity.  All storage ponds will be lined with polypropylene membrane liners.
2.3 Spray Fields

The Layout of the Spray Fields are provided as a separate set of drawings prepared by Artesian Consulting Engineers included in Appendix 20.  A summary of the Spray Fields with associated spray areas are presented in Table 2-1.

Table 2-1:  Spray Field Summary Table

	Spray Field #
	Soil/
Topo Field #
	Sussex County Tax Map ID
	Gross Acreage
	Existing Spray Area      (Acres)
	Proposed Spray Area (Field)
	Proposed Spray Area (Woods)
	Total Spray Area (Acres)
	Percent Coverage    (%)

	 
	
	
	
	
	
	
	
	 

	1
	G
	2-35-13-6.06   2-35-13-6.05
	590.0
	177.7
	159.8
	166.9
	504.4
	85%

	 
	
	
	
	
	
	
	 
	 

	2
	F
	2-35-7-7.00
	140.9
	92.2
	12.3
	0.0
	104.5
	74%

	 
	
	
	
	
	
	
	 
	 

	3
	E
	2-35-6-21.00
	137.0
	83.2
	7.4
	13.5
	104.1
	76%

	 
	
	
	
	
	
	
	 
	 

	4
	D
	2-35-6-11.00    2-35-6-11.02   2-35-7-1.00   2-35-7-164.00
	118.9
	0.0
	55.5
	32.0
	87.5
	74%

	 
	
	
	
	
	
	
	 
	 

	5
	C
	2-35-7-27.00
	157.7
	0.0
	37
	38.2
	75.2
	48%

	 
	
	
	
	
	
	
	 
	 

	6
	B
	2-30-21-13.00  2-30-21-35.00   2-31-21-35.01
	395.1
	138.1
	76
	86.3
	300.4
	76%

	 
	
	
	
	
	
	
	 
	 

	7
	A
	2-30-22-1.00
	181.8
	0.0
	116.3
	34.1
	150.4
	83%

	 
	
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Total
	1721.4
	491.2
	464.3
	371.0
	1326.5
	77%


2.4 Buffer Zones

Buffer Zones for “Unlimited Public Access” sites are not normally required by the DNREC Regulations.  However, 100 foot buffers have been proposed between the wetted edge of the spray fields and the edge of any perennial watercourse with 50 foot buffers proposed around the edge of any intermittent watercourse.  Additionally, the spray fields will be maintained to avoid off-site impacts based on wind speed and wind direction.  The Treatment Facility will be buffered as specified by Sussex County in the Conditional Use approval in that there shall be forested buffers of at least 30 feet from all property lines and any lagoon, rapid infiltration basin or similar structure shall be located at least 100 feet from any dwelling.  The 30 foot forested buffer has been shown on the Treatment Plant layout plan.
2.5 Soil Investigation Locations

The location of the soil borings and test pits are as shown on the plans provided by Brickhouse Environmental which are included within the Soils Investigation Report provided in Appendix 10.
2.6 Access Roads and Utilities

The existing Access Roads and Utilities to the proposed Spray Fields and Treatment Facility Parcel are located on the Drawings.

2.7 Watercourses

All existing watercourses are shown on the drawings.  Stormwater management for the Treatment Plant parcel will meet or exceed the minimum Standards of DNREC and the Sussex Conservation Districts Regulations for Stormwater Management.  All watercourses are buffered as stated above.
2.8 Proposed Groundwater Monitoring Well Locations

The locations of the proposed monitoring wells are shown in the Hydrogeological Report in Appendix 7.  The wells will monitor fluctuations in the groundwater table as well as groundwater quality in order to determine the effect, if any, of the Spray Irrigation activity on the groundwater.
2.9 Drainage Structures

There are no existing drainage structures on the Proposed Treatment Facility and/or Spray Irrigation parcels.  There will be no proposed drainage structures on any of the Spray Irrigation Fields.  In order to minimize or eliminate concentrated flow along the exiting gravel and earthen access ways within the spray field parcels, drainage turn outs have been proposed on the plan to divert any concentrated flow along these drives back out into the spray fields.  It is a possibility that there will be drainage structures proposed on the Treatment Facility parcel for Stormwater Management purposes.  This will be determined during the Civil Site Design Phase for the Treatment Facility site.
2.10 Flood Elevations

The Flood Zones and associated FEMA map references are shown on the drawings and are as summarized below.  The associated FEMA Flood Maps are provided in Appendix 11. 
Treatment Facility:  Parts of the treatment facility are located in flood zone “x” determined to be outside of both the 100 and 500 year storm flood.  Portions of the facility site are located in zone “A”.  Zone “A” sites are subject to 0.01% annual chance of flooding.  The zone “A” portion is located along the Ingram Branch.  The site is shown on FEMA Insurance Rate map 10005C0165J, revised 1/6/2005.

Spray Area 1:  Spray Area 1 is located in flood zone “x” determined to be outside of both the 100 and 500 year storm flood.  The site is shown partially on FEMA Insurance Rate map 10005C0165J and 10005C0161J, both revised 1/6/2005.

Spray Area 2:  Parts of Spray Area 2 are located in flood zone “x” determined to be outside of both the 100 and 500 year storm flood.  Portions of the facility site are located in zone “A”.  Zone “A” sites are subject to 0.01% annual chance of flooding.  The zone “A” portion is located along the Ingram Branch.  The site is shown on FEMA Insurance Rate map 10005C0165J, revised 1/6/2005.

Spray Area 3: :  Parts of Spray Area 3 are located in flood zone “x” determined to be outside of both the 100 and 500 year storm flood.  Portions of the facility site are located in zone “AE”.  Zone “AE” sites are subject to 0.01% annual chance of flooding.  Zone “AE” sites have a determined flood elevation.  The zone “AE” flood elevation for this site is 24’.  Portions of the facility site are located in zone “A”.  Zone “A” sites are subject to 0.01% annual chance of flooding.  The zone “A” portion has no determined flood elevation.  The site is shown partially on FEMA Insurance Rate map 10005C0165J and 10005C0161J, both revised 1/6/2005.

Spray Area 4:  Parts of Spray Area 4 are located in flood zone “x” determined to be outside of both the 100 and 500 year storm flood.  Portions of the facility site are located in zone “AE”.  Zone “AE” sites are subject to 0.01% annual chance of flooding.  Zone “AE” sites have a determined flood elevation.  The zone “AE” flood elevation for this site is 24’.  .  The site is shown partially on FEMA Insurance Rate map 10005C0165J and 10005C0154J, both revised 1/6/2005.

Spray Area 5: Spray area 5 is divided into two separate farmed areas that are divided by a wooded area.  The site is located at the intersection of Reynolds Pond Road (SCR 231) and Cedar Creek Road (SCR 212).  The northern potion of the site borders the Sowbridge Branch and the eastern portion bordering the Ingram Branch.  The spray area drains from the center towards the two adjoining streams.  Most of the site slopes around 2%, with a maximum of 10% forming the banks of the streams.  

Spray Area 6:  Parts of Spray Area 6 are located in flood zone “x” determined to be outside of both the 100 and 500 year storm flood.  Portions of the facility site are located in zone “A”.  Zone “A” sites are subject to 0.01% annual chance of flooding.  Zone “A” sites have no determined flood elevation.  The Zone “A” is located along the Slaughter Creek on the northern portion of the site, and along the North Prong Branch on the southern portion of the site.  The site is shown partially on FEMA Insurance Rate map 10005C0153J, 10005C0154J, and 10005C0155J, all revised 1/6/2005.

Spray Area 7:  Parts of Spray Area 6 are located in flood zone “x” determined to be outside of both the 100 and 500 year storm flood.  Portions of the facility site are located in zone “A”.  Zone “A” sites are subject to 0.01% annual chance of flooding.  Zone “A” sites have no determined flood elevation.  The Zone “A” is located along the Slaughter Creek on the northern portion of the site.  The site is shown partially on FEMA Insurance Rate map 10005C0154J, and 10005C0155J, both revised 1/6/2005.  

2.11 Residences and Habitable Structures within or Contiguous to the Site

Existing residences and habitable structures within or contiguous to the Treatment Plant site and all Spray Fields are shown on the drawings.  The locations of these structures are approximate and are based on published aerial photography.
3.0 DESIGN WASTEWATER CHARACTERISTICS
It is anticipated that all flow to the Treatment Facility will be domestic in nature.  It is not expected that this facility will be receiving Industrial Wastewater.  Table 3-1 summarizes the anticipated influent and effluent characteristics.

Table 3-1:  Design Wastewater Characteristics

	PARAMETER
	INFLUENT
	EFFLUENT

	Average Daily Flow (MGD)
	3
	3

	Peak Daily Flow (MGD)
	4.95
	7.5

	BOD (mg/L)
	350
	<10

	COD (mg/L)
	700
	20

	Total Organic Carbon (mg/L)
	224
	6.4

	Total Suspended Solids (mg/L)
	350
	10

	Ammonia (mg/L)
	37.5
	Assume 0

	TKN (mg/L)
	60
	Assume 0

	Nitrate/Nitrite (mg/L)
	0
	10 or 25

	Total Phosphorus mg/L)
	12
	3

	Chloride (mg/L)
	75
	60

	SAR
	2.16
	2.16

	Sodium (mg/L)
	60
	60

	Magnesium (mg/L)
	22
	22

	Calcium (mg/L)
	22
	22

	Conductivity
	1.2
	1.2

	Cadmium (mg/L)
	0.005
	0.005

	Copper (mg/L)
	0.1
	0.1

	Lead (mg/L)
	0.05
	0.05

	Nickel (mg/L)
	0.02
	0.02

	Zinc (mg/L)
	0.15
	0.15

	Priority Pollutants
	n/a
	n/a

	pH
	6 to 9
	 6 to 9


4.0 DETAILED SOIL INVESTIGATION REPORT

A Detailed ‘Soil Investigation Report’ developed by Brickhouse Environmental, dated December 2008 and in accordance with Table 202-2 of the regulations is included in Appendix 10.
5.0 WATER BALANCE/DETERMINATION OF DESIGN WASTEWATER LOADING(S)

Infiltration testing for the spray sites was performed by Brickhouse Environmental.  The complete results of this testing is provided in the Soil Investigation Report which is included in Appendix 10.  The report summarizes that “based on the rates of 3.2 inches/hour for the clay loams, 3.9 inches/hour for the loamy sands, and 3.1 inches/hour for the largest sample, the limiting permeability rate for each site is conservatively estimated at 3 inches/hour.”  The State of Delaware, Guidance and Regulations Governing the Land Treatment of Wastes, allows the use of a maximum of 10% of the saturated hydraulic conductivity of the most restrictive soil layer for the entire site.  Based on the limiting permeability rate of 3 inches/hour, the site has a maximum saturated hydraulic conductivity of 0.3 inches/hour (7.2 inches/day).  The complete water balance calculations are included in Appendix 12 and are summarized below in Table 5-1.
Table 5-1:  Yearly Water Balance Summary
	MONTH
	DAYS
	EVAP (PET*)
	PERC1
	PRECIP (P5**)
	DALLOWED2
	D/WEEK

	 
	 
	(IN)
	(IN)
	(IN)
	(IN/MONTH)
	(IN/WEEK)

	JANUARY
	31
	0.1
	223.2
	4.7
	218.6
	49.4

	FEBRUARY
	28
	0.1
	201.6
	4.4
	197.3
	49.3

	MARCH
	31
	0.7
	223.2
	5.6
	218.3
	49.3

	APRIL
	30
	1.8
	216
	4.5
	213.3
	49.8

	MAY
	31
	3.3
	223.2
	5
	221.5
	50.0

	JUNE
	30
	4.8
	216
	5.1
	215.7
	50.3

	JULY
	31
	5.5
	223.2
	6.3
	222.4
	50.2

	AUGUST
	31
	4.9
	223.2
	8.2
	219.9
	49.7

	SEPTEMBER
	30
	3.6
	216
	5.2
	214.4
	50.0

	OCTOBER
	31
	1.9
	223.2
	5.4
	219.7
	49.6

	NOVEMBER
	30
	0.9
	216
	4.6
	212.3
	49.5

	DECEMBER
	31
	0.2
	223.2
	5.2
	218.2
	49.3

	TOTAL
	365
	27.8
	2628
	64.2
	2,591.6
	596.4

	
	
	
	
	
	
	

	*PER TABLE 702-2 OF THE REGULATIONS (GEORGETOWN)
	
	

	**PER TABLE 702-3 OF THE REGULATIONS (GEORGETOWN)
	
	


The results of the water balance calculations show that the spray sites could accept a loading of 49.3 inches per week based on a maximum saturated hydraulic conductivity of 0.3 inches/hour. However, the State Regulations stipulate a maximum loading of 2.5 inches/week (0.0148 inches/hour).  Therefore, the spray sites will be limited to the allowable maximum of 2.5 inches/week.  The mounding analysis performed by Artesian Wastewater Management, Inc. (included in Appendix 7) shows that the mounding did not exceed the minimum 2.0 foot separation distance from the ground surface to the groundwater interface at a loading of 2.5 inches/week.  
Although the water balance calculations show that the spray sites can accept a loading of 2.5 inches/week for 52 weeks out of the year, it is unlikely that this will be the case.  As stated previously the intent is to not interfere with the agricultural utilization of the spray fields.  A steady loading of 2.5 inches/week for 52 weeks out of the year could potentially be detrimental to healthy crop production.  It is necessary to allow for dry periods throughout the irrigation process of sufficient length for the soil to become re-aerated as water moves through the soil profile.  A loading of an average of 1.65 inches per week over the acreage available for spray irrigation (see Table 2-1:  Spray Field Summary Table) would result in a total ultimate utilization of 7 MGD and still provide for dry periods in the irrigation cycle.
Additionally, it will be necessary to suspend irrigation during inclement weather.  Storage ponds capable of handling up to sixty (60) days of average daily flows are proposed at this facility.
6.0 NITROGEN BALANCE AND NUTRIENT MANGEMENT PLAN
A Vegetative Nutrient Management Plan was prepared for this facility by Keen Consulting, Inc. which is included in Appendix 13 of this report.  Keen Consulting is the acting nutrient consultant for the majority of the existing farm lands that make up the 1722+/- acres of lands proposed for spray irrigation.  Due to the nature of this project in that the spray irrigation is proposed on active agriculture lands, and that there exists a MOU with DNREC (included in Appendix 18) specifying that the agricultural function of these lands takes priority over the land application of reclaimed wastewater, the nitrogen balance calculations were performed in a manner slightly different than the calculations for a dedicated spray irrigation facility.  
The calculations are set up on a month to month basis using a typical crop rotation over a period of two years.  In this case the rotation starts with Corn in May thru September, then Wheat in October thru June, then a Double Crop Soybean in July thru October and finishing the two year cycle with a cover crop in October thru April.  Keen Consulting recommended this cycle and provided yield, nitrogen and phosphorus uptake values for each crop.  Keen also provided guidance, based on conventional farming practices and nutrient management planning, as to when and how much fertilizer would typically be applied during each crop cycle as well as when and how much fertilizer would be taken up (or be available to) the crop throughout the cycle.  
For each crop, a set of control calculations, based on conventional farming practices and nutrient management planning, have been performed which illustrate a typical scenario of fertilization and crop uptake.  The calculations are provided in Appendix 14.  These calculations show that there is zero residual nitrogen and thus a concentration of zero mg/L of nitrate in the percolate as the amount of nitrogen applied via fertilizer is directly equivalent to the amount of nitrogen that the crop needs and is able to uptake.  It was assumed for the control calculations that zero wastewater was being applied to the crop and thus the only source of nitrogen available to the crops was through the fertilizer.
The second set of calculations performed for each crop utilized the same rational as in the control set with regards to the ability of the crop to uptake nitrogen on a month to month basis.  However, in this set of calculation several variables were applied.  The variables are as follows:  wastewater application rate (inches per week), concentration of nitrogen in the applied wastewater (mg/L) and nitrogen applied via fertilizer (lbs).  The intent of this model was to experiment with the loading of the wastewater in order to (1) provide the crop with sufficient nitrogen for healthy growth, (2) evaluate the required nitrogen application through chemical fertilization, (3) evaluate the impact of various levels of nitrogen on the concentration in the effluent and (4) not exceed the state drinking water standard of 10 mg/L of nitrate in the percolate.
In both sets of calculations, crop ancillary losses, i.e. denitrification are assumed to be included in the crop uptake numbers supplied by the nutrient consultant.

For the wooded portions of the spray irrigation fields, nitrogen balance calculations were performed on a monthly basis for a twelve month period beginning in January and ending in December.  Again, Keen Consulting provided guidance as to the total yearly, as well as the monthly, breakdown of nitrogen uptake for both Pines and Hardwoods.  An assumed denitrification loss of 15 percent was used in the calculations for the wooded areas.  The variables in these calculations are wastewater application rate (inches per week) and concentration of nitrogen in the applied wastewater (mg/L).  This particular example set of calculations uses a constant concentration of 25 mg/L of nitrogen in the applied wastewater and varies the application rate in order to not exceed the standard of 10 mg/L in the percolate.  However, the same spreadsheet could be run using any combination of application rate and concentration so long as the bottom line (the concentration of nitrate in the percolate) does not exceed 10 mg/L.  A disc with the excel spreadsheets for these calculations has been included in Appendix 14.  The findings are summarized below in Table 6-1 and Table 6-2.
Table 6-1:  Summary Table - Nitrogen Balance Calculations
	N CONCENTRATION IN WASTEWATER -  25 mg/L

	

	MONTH
	CROP
	APPLICATION RATE         (in/mo)
	N CONC IN PERCOLATE (mg/L)

	JANUARY
	COVER
	2.7
	9.2

	FEBRUARY
	
	2.8
	9.9

	MARCH
	
	3.1
	9.7

	APRIL
	
	1.7
	9.7

	MAY
	CORN
	11.1
	0.1

	JUNE
	
	10.7
	1.0

	JULY
	
	11.1
	3.6

	AUGUST
	
	7.5
	9.7

	SEPTEMBER
	
	1.7
	9.9

	OCTOBER
	WHEAT
	4.4
	9.7

	NOVEMBER
	
	4.4
	9.4

	DECEMBER
	
	3.1
	9.6

	JANUARY
	
	2.7
	9.2

	FEBRUARY
	
	4.4
	9.3

	MARCH
	
	3.1
	9.7

	APRIL
	
	10.7
	9.1

	MAY
	
	11.1
	2.6

	JUNE
	
	0.2
	9.1

	JULY
	SOYBEAN (DC)
	0.4
	8.9

	AUGUST
	
	1.8
	8.7

	SEPTEMBER
	
	0.9
	8.7

	OCTOBER
	
	2.2
	9.7

	NOVEMBER
	COVER
	2.1
	9.2

	DECEMBER
	
	3.1
	9.6


Table 6-2:  Summary Table - Nitrogen Balance Calculations

	N CONCENTRATION IN WASTEWATER -  10 mg/L

	

	MONTH
	CROP
	APPLICATION RATE  @ 2.5”/wk       (in/mo)
	N CONC IN PERCOLATE (mg/L)

	JANUARY
	COVER
	11.1
	7.1

	FEBRUARY
	
	10.0
	7.0

	MARCH
	
	11.1
	6.9

	APRIL
	
	10.7
	8.0

	MAY
	CORN
	11.1
	0.2

	JUNE
	
	10.7
	0.1

	JULY
	
	11.1
	0.0

	AUGUST
	
	11.1
	4.5

	SEPTEMBER
	
	10.7
	8.1

	OCTOBER
	WHEAT
	11.1
	5.3

	NOVEMBER
	
	11.1
	5.2

	DECEMBER
	
	11.1
	6.9

	JANUARY
	
	11.1
	7.1

	FEBRUARY
	
	10.0
	5.0

	MARCH
	
	11.1
	6.9

	APRIL
	
	10.7
	0.1

	MAY
	
	11.1
	0.3

	JUNE
	
	10.7
	9.7

	JULY
	SOYBEAN (DC)
	11.1
	9.3

	AUGUST
	
	11.1
	7.7

	SEPTEMBER
	
	10.7
	8.7

	OCTOBER
	
	11.1
	7.6

	NOVEMBER
	COVER
	10.7
	7.4

	DECEMBER
	
	11.1
	6.9


7.0  PHOSPHORUS AND OTHER CONSTITUENT LOADING RATES

The concentration of phosphorus in the effluent from the treatment facility is estimated to be below 3 ppm (mg/L), however for the phosphorus site life calculation we assumed a concentration of 4 ppm (mg/L) to be conservative.  At a maximum application of 2.5 inches per week for 44 weeks per year, the phosphorus loading is 99.6 lbs/acre/year (PWWloading).  The average yearly crop uptake of phosphorus was computed to be 96.1 lbs/acre (PCropuptake) based on P uptake rates provided for each crop over a two year planting cycle as provided in the Nutrient Management Report prepared by Keen Consulting.  Thus, the net phosphorus applied (PWWloading-PCropuptake) is 3.5 lbs/acre/year.  The average P Sorption Index was determined to be 13.23 for six (6) inches of soil based on data provided in the Soil Investigation Report by Brickhouse.  This computes to a phosphorus storage capacity of 270 lbs/acre/6” depth and 540 lbs/acre/12” depth, thus equating to an average site life for phosphorous (540 lbs/acre/ft ÷ 3.5 lbs/acre/year) of approximately 152.3 years.  Detailed phosphorus calculations are presented in Appendix 15.
The site life for the metals Cadmium, Copper, Lead, Nickel and Zinc have been calculated based on a maximum loading of 2.5 inches per week for 44 weeks per year.  The results of these calculations are presented in Table 7-1 and demonstrate that none of the trace metals analyzed will limit the spray irrigation system.
Table 7-1:  Concentration of Metals in Wastewater and Calculated Site Life

	PARAMETER
	DESIGN EFFLUENT CONC.**
	TOTAL APPLIED 
	MAX LOADING LEVEL PER YEAR2
	(C.E.C.<5*)   ALLOWABLE LOADING LEVEL
	SITE LIFE3

	 
	(mg/L or ppm)
	(gal/acre/year)
	(lb/acre/year)
	(lb/acre)
	(years)

	 
	 
	 
	 
	 
	 

	Cadmium (Cd)
	0.005
	0.01
	0.12
	4.4
	35.3

	Copper (Cu)
	0.1
	0.30
	2.49
	125
	50.2

	Nickel (Ni)
	0.05
	0.15
	1.25
	125
	100.4

	Lead (Pb)
	0.02
	0.06
	0.50
	500
	1003.6

	Zinc (Zn)
	0.15
	0.45
	3.74
	250
	66.9


8.0  DETERMINATION OF LAND LIMITING CONSTITUENT (LLC)
There are two operating scenarios for this facility, one in which concentration of nitrogen (N) in the effluent is 10 mg/L (or less) and the other in which it is 25 mg/L (or less).  Each scenario has a different Land Limiting Constituent.  In the first scenario, when the effluent is being treated to a level where the N concentration is 10 mg/L, the land limiting constituent is the DNREC regulated hydraulic loading of 2.5 inches/week.  When the effluent contains less than 10 mg/L of nitrogen, the nutrient load on the soil will not be limiting as the percolate will always contain less than the regulated concentration of nitrogen. Thus, as shown in the water balance calculations, the spray fields could accept a loading of 49.3 inches/week but are limited to the regulated rate of 2.5 inches/week.
In the second scenario, where the effluent is being treated to a level where the N concentration is 25 mg/L, the land limiting constituent is the DNREC regulation specifying that the concentration of nitrogen in the percolate is not to exceed 10 mg/L.  Thus, in periods where the N concentration is 25 mg/L and the crop uptake of nitrogen is low, the hydraulic loading will have to be limited, in most cases to less than 2.5 inches/week, in order to insure the N concentration of the percolate does not exceed the regulated amount.  This scenario is illustrated in the nitrogen balance calculations in Appendix 14 and summarized in Table 6-1 and Table 6-2 of this report.
9.0  DETERMINATION OF WETTED FIELD AREAS AND REQUIRED STORAGE VOLUME

9.1 Wetted Field Areas

There are approximately 1,722 acres of land in agricultural preservation reserved for spray irrigation for this facility.  Currently, there are existing spray irrigation systems on approximately 491 acres with proposed irrigation systems on 835 acres.  This totals 1,326 acres (approximately 77% of the total acreage available) for effluent disposal.  The area available for spray is significantly greater than the area required to dispose of the average daily flows for all phases of the facility. A loading of an average of 1.65 inches per week over the acreage available for spray irrigation would result in a total ultimate utilization of 7 MGD.  The layout of the existing and proposed irrigation systems are shown in the drawings prepared by Artesian Consulting Engineers included in Appendix 20.  The associated wetted field areas for each existing and proposed spray zone are included in Appendix 12 with a summary below in Table 9-1.
Table 9-1:  Spray Field Summary Table

	Spray Field #
	Soil/

Topo Field #
	Sussex County Tax Map ID
	Gross Acreage
	Existing Spray Area      (Acres)
	Proposed Spray Area (Field)
	Proposed Spray Area (Woods)
	Total Spray Area (Acres)
	Percent Coverage    (%)

	 
	
	
	
	
	
	
	
	 

	1
	G
	2-35-13-6.06   2-35-13-6.05
	590.0
	177.7
	159.8
	166.9
	504.4
	85%

	 
	
	
	
	
	
	
	 
	 

	2
	F
	2-35-7-7.00
	140.9
	92.2
	12.3
	0.0
	104.5
	74%

	 
	
	
	
	
	
	
	 
	 

	3
	E
	2-35-6-21.00
	137.0
	83.2
	7.4
	13.5
	104.1
	76%

	 
	
	
	
	
	
	
	 
	 

	4
	D
	2-35-6-11.00    2-35-6-11.02   2-35-7-1.00   2-35-7-164.00
	118.9
	0.0
	55.5
	32.0
	87.5
	74%

	 
	
	
	
	
	
	
	 
	 

	5
	C
	2-35-7-27.00
	157.7
	0.0
	37
	38.2
	75.2
	48%

	 
	
	
	
	
	
	
	 
	 

	6
	B
	2-30-21-13.00  2-30-21-35.00   2-31-21-35.01
	395.1
	138.1
	76
	86.3
	300.4
	76%

	 
	
	
	
	
	
	
	 
	 

	7
	A
	2-30-22-1.00
	181.8
	0.0
	116.3
	34.1
	150.4
	83%

	 
	
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Total
	1721.4
	491.2
	464.3
	371.0
	1326.5
	77%


With the large area available for spray irrigation, multiple spray zones, diversity of physical location and land cover (cropland versus woodland) there is a great level of operational flexibility.  Rotation of the spray zones will allow for uninterrupted farming activities and insure that there is no excess saturation of the crops and soils. 
9.2 Required Storage Volume

Subsection 310 of the Regulations specifies that DNREC requires a minimum of 15 days storage.   The total storage volume required is made up of three components; operational storage, inclement weather/emergency storage and water balance storage.  It is anticipated that this facility will operate five out of seven days a week and thus the requirement for operational storage is two (2) days.  
The inclement weather/emergency storage is based on the equation:

Delta P x (30.4 days/month)
D(allowed) crit
Where Delta P is 2.1 inches for the Southern Delaware Climactic Division based on Table 310-1 of the Regulations and D(allowed) crit  is 10.8 inches per month (based on a maximum of 2.5 inches per week).  Therefore; the inclement weather/emergency storage required is approximately six (6) days.

The water balance storage is a function of the hydraulic loading and is based on the equation:
WBS = Dpotential – Dallowed

Due to the rapid infiltration rate at the spray sites (3 inches/hour), the design hydraulic conductivity is 7.2 inches/day.  This results in a Dallowed  value of 197.3 inches/month which is unrealistic as the regulatory maximum hydraulic loading is 2.5 inches/week.  Therefore; a Dallowed of 10.83 inches/month was utilized for the water balance storage calculations.  Dpotential is a function of the average daily flow and the design spray area.  The design spray area for each phase has not been explicitly determined for reasons stated above; however, with a total of 1,326 acres available for disposal it can be deduced that a minimum area for disposal for each phase would be greater than 115 acres.  At an average daily flow of 1,000,000 gallons and a design spray area of 115 acres, Dpotential would be 9.7 inches/month.  This result would carryover for phases 2 (2 MGD) and 3 (3 MGD) at 230 acres and 345 acres, respectively. Therefore; Dpotential – Dallowed is always going to be a negative number and thus no water balance storage is required.   
The full set of storage volume calculations supporting these results is included in Appendix 12.
Although the regulatory calculations result in only eight (8) days of required storage; sixty (60) days of storage for each 1 MGD phase is proposed.  The plan is to have three storage ponds, one for each phase.  Each pond will have a total storage volume of 60 million gallons with a total of 180 millions gallons of storage for the entire 3 MGD facility.
10.0 PROCESS DESIGN FOR PREAPPLICATION TREATMENT FACILITY

The following outlines the major elements of the process design for the treatment facility.  The layout of the facility and the corresponding hydraulic profile are illustrated on the drawings included in Appendix 20.  The treatment facility equipment sizing is based on the proposed average and peak flows summarized below in Table 10-1.

Table 10-1:  Treatment Facility Flow Summary
	 
	PHASE 1
	BUILDOUT

	AVERAGE DAILY FLOW (MGD)
	1
	3

	MONTHLY PEAK FLOW (MGD)
	1.7
	5.1

	HOURLY PEAKING FACTOR
	2.95
	2.48

	HOURLY PEAK FLOW (GPM)
	2,052
	5,161

	PEAK FLOW (MGD)
	2.95
	7.43


1. Primary Screening:  Two (2) HYCOR Helisieve Plus Units (HLS500XLP), each with a peak capacity of 4 MGD are proposed for the facility.  The stand alone units are to be enclosed in a covered building along with the grit removal units.  Each unit is approximately 18 feet long, 3 feet wide and 7.5 feet tall. Additionally, in the screening building there will be a concrete bypass channel with a bar screen that is approximately 11 feet long, 3 feet wide and 4.5 feet tall.
2. Grit Removal:  A FLUIDYNE Hydro-Grit system with Hydro-Grit Classifier is proposed for grit removal.  The single free-standing unit is capable of handling a peak flow of 7.5 MGD.  The 10 foot diameter unit is 12 feet tall and will be in the same building as the HYCOR Helisieve units.  The Hydro-Grit system utilizes circular aeration to provide effective subcyclonic grit separation irrespective of the feed stream flow rate or volume making it highly appropriate for domestic wastewater applications.
3. Odor Control:  Odor control will be necessary for the Primary Screening Building.  An in-ground biofilter located outside of this building is proposed at this facility.  In the biofilter, odorous air is passed upward through a bed of porous material via a perforated pipe air distribution system surrounded by crushed stone.  The biofilter treatment material is often composed of a mixture of soil, compost, peat, leaf mulch, sand, wood chips and other porous materials.  Odors are removed by a combination of absorption, adsorption and biological oxidation.  It is extremely important to keep the biofilter moist (moisture content of 50 to 60 percent recommended) as excessive drying of the media can reduce the effectiveness of odor removal.
4. Aeration Basin:  A Biolac Wastewater Treatment System is proposed with one (1) Biolac Basin for each 1 MGD phase of the facility.  Each basin as approximately 168 feet long and 189 feet wide with a side water depth of 10 feet.  The basin for Phase 1 is further broken down into two sections separated by a concrete wall in order to provide a greater level of operational flexibility when the facility is operating at smaller flows.  The Biolac System is an activated sludge process using extended retention of biological solids to create an extremely stable, easily operated system.  The longer sludge age dramatically lowers effluent BOD and ammonia levels.  The SRT is 66 days with a BOD5 removal of 97% (less than 10 mg/L) and complete nitrification (less than 1 mg/L ammonia).  Operational flexibility in the Biolac will extend its capabilities to denitrification and biological phosphorus removal.  The large quantity of biomass treats widely fluctuating loads and the sludge stability allows for sludge wasting to non-aerated sludge ponds or basins.  The aeration component of the Biolac is the BioFlex and Biofuser system.  The BioFlex are moving aeration chains with attached BioFuser’s which are fine bubble diffuser assemblies.  Control of the air distribution to the BioFlex chains create moving waves of oxic and anoxic zones within the basin.  This repeated cycling allows for nitrification and denitrification of the wastewater without recycle pumping or external basins.  This mode of Biolac operation is called Wave Oxidation.    
5. Clarifiers:  Type “R” clarifiers are proposed with the Biolac system. The clarifier design incorporates a common wall between the clarifier and the aeration basin.  The “R” clarifier promotes efficient solids removal with inlet ports in the bottom of the wall and then filtering the flow through the upper layer of the sludge blanket.  The hopper-style bottom simplifies sludge removal and minimizes clarifier HRT.  There are four (4) clarifiers proposed for the Phase 1 Biolac basin and three (3) clarifiers for the Phase 2 and Phase 3 Biolac basins.
6. Coagulant Feed: The coagulant feed will occur directly into the pipe in two locations prior to entering the operations building which is where the flocculator and filters are located.  One feed will be located on the effluent pipe coming from the Biolac Basins and one on the pipe coming from the storage ponds.  These locations are noted on the Site Plans in the drawings for the Treatment Facility (Appendix 20).

7. Inline Mixing:  Mixing of the coagulant will occur via an inline static mixer in the pipe.
8. Flocculation:  A separate flocculation reactor is proposed in the operations building ahead of the filters.  There will be one precast concrete reactor, which is approximately 18.6 feet long 10 feet wide and 7 feet deep, for each 1 MGD phase.  Each reactor will have approximately 7,500 gallons of usable volume and will have one vertically mounted turbine-type flocculator.  

9. Filtration: DynaDisc cloth media filters are proposed for filtration.  There is one prefabricated unit per 1 MGD phase with 6 filters in each unit.  The prefabricated tanks are 15 feet long 9.9 feet wide and 10.7 feet deep.   The DynaDisc removes suspended solids as small as 10 micron.  Influent enters the filter and completely surrounds the discs. The suspended solids are removed from the flow as the influent passes through the cloth filter media.  The discs do not rotate and therefore each cartridge is easily replaceable without taking the entire filter off-line.  Backwashing occurs when the buildup of particles on the filter restrict the flow of liquid and cause the water level to rise within the unit.  When it reaches a specific predetermined level in the filter the backwash process begins.  The Dynadisc units are to be enclosed in a covered building which will also function as the control building.
10. Disinfection:  A MicroDynamics UV disinfection system is proposed for the facility.  Four UV modules (per phase) will be mounted within an open concrete channel located in the same building as the DynaDisc filters.  When all twelve units are installed the configuration will be able to provide disinfection for an average flow of 3 MGD with a peak flow of 9 MGD.  The system has a 3 log reduction on fecal coliform.  The MicroDynamics UV disinfection system delivers high intensity UVc light predominantly at the critical wavelength of 254nm.  It is unique in that is delivers the same high intensity ultra violet disinfection as conventional low pressure systems but is a microwave-powered technology.  The quality of the effluent will be continuously monitored at this point for turbidity and UV transmittance.
11. Treatment Plant Pump Station:  There will be a pumping station located at the control building which will function to pump the disinfected effluent into the storage lagoons.  This pump station will have the flexibility of pumping directly into the irrigation lagoon or the storage lagoon.  This pump station will consist of a concrete tank, ultimately fitted with four (4) vertical turbine pumps.  There will be one (1) pump per phase, each capable of handling a flow of 2,052 gpm, plus one spare. Each pump will operate on a VFD in order to accommodate lower flow situations. 
12. Irrigation Pump Station:  There will be a pumping station located at the irrigation pond which will serve to pump the treated effluent from the facility to the spray irrigation fields.  This pump station will be located adjacent to Route 30 and enclosed in a building.  It will be an expandable station and pumps will be added as necessary when flow demands increase.  The proposed pumps are Goulds Lineshaft vertical turbine pumps capable of pumping 4,127 gpm each.  There will be a total of six (6) pumps to handle the total flow for the facility, calculated to be 24,762 gpm.  This total flow was determined two ways.  The first way was to assume an ultimate facility design flow of 7.1 MGD with spray operations being conducted 8 hours per day, 5 days per week for 10 months per year.  The second way was to calculate the total flow (gpm) supported by each spray field at a loading of 1.65 inches per week.  A summary of these calculations are shown on the Pump Station plans included in the drawings in Appendix 20.  Additional disinfection via post chlorinate is proposed at this pump station.
13. Storage Pond Pump Station:  There will be a pump station located in the vicinity of the storage ponds which will serve to pump the effluent from the storage pond back to the head of the plant.  This pump station will be fitted with a series of vertical turbine pumps in cans and with VFD’s,  similar to the Irrigation Pump Station but with a range of smaller and larger pumps capable of handling a wide range of flow situations from zero to 5,161 gpm.  This will function to supplement flow through the facility in off-peak hours and also produce a higher quality effluent.

14. Digester:  At the startup of the proposed facility, there will be two 40 foot diameter tanks (18 foot operating depth with 3 feet of freeboard) that will have been previously used as SBR basins for a temporary plant located on the site.  These tanks will be used as digesters for Phase One and are capable of sludge management to a flow of approximately 714,000 GPD.  These tanks will be used as thickeners for Phases Two and Three.  For Phase Two, a total of four 60 foot diameter tanks (18 foot operating depth with 3 feet of freeboard) will be installed.  For Phase Three, an additional two 60 foot diameter tanks (18 foot operating depth with 3 feet of freeboard) will be installed.  
15. Sludge Treatment:  Reed beds are proposed for sludge management.  The reed beds will use phragmites to dewater solids in a confined area.  Reed beds perform three basic functions:  they dewater the sludge, transform it into mineral and humus like components and store the sludge for a number of years.  Dewatering is accomplished through evaporation, transpiration and filtration.  Leachate is channeled back through the treatment process by an underdrain system.  To prevent drainage back up the reed plants are to be harvested annually.  The vegetation can be composted or burned.  The reed beds for this facility have been broken into multiple sections which allows for better ease of maintenance and more even distribution of sludge within the bed.   Four sections (approximately 9,968 square feet each) are proposed for each 1 MGD phase.  A total of twelve sections are proposed for the 3 MGD facility.  There will be an underdrain system for the Reed beds which will flow to a pump station capable of pumping the effluent (at a flow rate of 275 gpm) back to the head of the plant.
11.0 GROUNDWATER AND EFFLUENT MONITORING PLAN

11.1 Groundwater Monitoring
Groundwater monitoring will be conducted prior to the start of effluent discharge on the spray fields.  The location of the monitoring will be (determined at a later date or in accordance with the Geohydro study).  The results of the sampling shall be submitted to and received by DNREC’s Groundwater Discharges Section prior to the commencement of spray activities at any spray site.  The results of this sampling will provide background data for the spray sites.  The groundwater sampling will include the analysis of the following parameters:
	Parameter
	Unit Measurement

	 
	 

	Specific Conductance
	µS/cm

	Nitrate as Nitrogen
	mg/L

	Ammonia as Nitrogen
	mg/L

	Total Phosphorus
	mg/L

	Sodium
	mg/L

	Chloride
	mg/L

	Temperature
	mg/L

	pH
	S.U.

	Fecal Coliform
	Col/100mL


Groundwater monitoring shall be conducted on a periodic basis, in accordance with the permit requirements, for the active spray sites.  This is necessary in order to evaluate increased levels of potentially mobile pollutants, as well as monitor groundwater fluctuation.   Groundwater monitoring shall be conducted in three primary areas:  up-gradient of the land treatment site to provide background information, directly beneath the site, and down-gradient of the site.  The number and location of wells required at each site will depend on the site characteristics, present groundwater quality and potential for groundwater degradation beyond allowable limits.  The monitoring wells shall be sampled quarterly and groundwater elevations in the piezometers shall be recorded weekly to the nearest hundredth of a foot.  All wells should be cased to prevent contamination from surface water.  Surrounding surface water may be required to be monitored, via “grab” sampling, for the same parameters as the groundwater, plus constituents that may move in surface runoff and erosion, such as phosphorus and ammonia as nitrogen. 
11.2 Effluent Monitoring
Effluent monitoring will occur at the irrigation pump station as well as at the individual spray zones.  The monitoring at the pump station will be for flow as well as for the following parameters by composite sampler:
	Parameter
	Unit Measurement

	 
	 

	Biochemical Oxygen Demand
	mg/L

	Total Suspended Solids
	mg/L

	Total Kjeldahl Nitrogen
	mg/L

	Ammonia Nitrogen
	mg/L

	Organic Nitrogen
	mg/L

	Nitrate and Nitrite Nitrogen
	mg/L

	Total Phosphorus
	mg/L

	Potassium
	mg/L

	Sodium
	mg/L

	Chloride
	mg/L

	Cadmium
	mg/L

	Copper
	mg/L

	Zinc
	mg/L

	Nickel
	mg/L

	Lead
	mg/L

	pH
	S.U.


11.3 Influent Monitoring

Influent monitoring will occur prior to Primary Screening.  There will be an influent flow meter as well as monitoring for the following parameters:

	Parameter
	Unit Measurement

	 
	 

	Biochemical Oxygen Demand
	mg/L

	Total Suspended Solids
	mg/L

	Total Kjeldahl Nitrogen
	mg/L

	Total Phosphorus
	mg/L

	pH
	S.U.


The monitoring and record-keeping requirements should be specified in the design and must be approved by DNREC.  Record keeping will be the responsibility of the operator or manager of the treatment facility.  The records will be checked by DNREC personnel for accuracy and completeness. 
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