Exhibits Presented at Public Meeting

Exhibit | Date Exhibit Name

1 Feb 2012 "City of Rehoboth Beach Wastewater Treatment Plant Ocean Outfall Project
Environmental Impact Statement” Report by GHD

2 Jun 12, 2002 Lewes-Rehoboth Beach-Sussex County Wastewater Disposal Options Meeting
Handout

3 Sep 16, 2002 | Regional Ocean Outfall Study Meeting Minutes - GMB

4 May 13, 2003 | Reginonal Wastewater Effluent Disposal Study Progress Meeting Minutes

5 Jun 23,2005 | "Rehoboth Beach Effluent Disposal Study Evaluation of Wastewater Discharge
Alternatives" Presentation by Stearns & Wheler

6 Aug 2005 "Rehoboth Beach Wastewater Treatment Plant Effluent Disposal Study" Report
by Stearns & Wheler

7 Dec 16,2005 | "Ocean Outfall Permit Requirements™ Memo from Stearns & Wheler to Mayor
Cooper

8 Jun 16, 2008 "City of Rehoboth Beach Wastewater Treatment Facilities: A Historical
Narrative" Presentation by Bob Stenger

9 Jul 7, 2008 "Rehoboth Beach Effluent Disposal Study Evaluation of Wastewater Discharge
Alternatives - Commissioners' Workshop" Presentation by Stearns & Wheler

10 Jul 21, 2008 Homeowner’s Meeting and Water Budget Handout by William Ullman

11 Aug 4, 2008 "Spray Irrigation of Treated Wastewater: A Sensible Approach to Wastewater
Promoting Beneficial Reuse of Reclaimed Water" Presentation by Ronald
Graeber

12 Aug 5, 2008 "Request for Proposal - Construction and/or Services Agreement for the
Disposal of Wastewater from the City of Rehoboth Beach Wastewater
Treatment Plant via Land Application” from City of Rehoboth Beach

13 Aug 19, 2008 | Construction and/or Services Agreement for the Disposal of Wastewater From
the City of Rehoboth Beach WWTP via Land Application Pre-Proposal Meeting
Minutes

14 Sep 2, 2008 "Coastal Zone Federal Consistency" Presentation by Sarah Cooksey

15 Sep 2, 2008 "Steps for Permitting a Wastewater Spray Irrigation System in Delaware™
Presentation by Ronald Graeber

16 Sep 4, 2008 Response to Land Application RFP - Tidewater

17 Sep 15,2008 | "Rehoboth Beach Effluent Disposal Project Status Report" Presentation by
Stearns and Wheler at Commissioner's Meeting

18 Oct 15,2008 | Response to Land Application RFP - Artesian

19 Oct 20, 2008 | "Regulatory Background: Systematic Elimination of Point Sources in the Inland
Bays Watershed" Presentation by Jennifer Volk (Updated Nov. 1)

20 Oct 20, 2008 | "Regulations Governing Beach Protection and the Use of Beaches" and "The
Beach Preservation Act" Presentation by Maria Sadler

21 Oct 27, 2008 "Workshop Notes ..." Memo from Stan Mills

22 Nov 1, 2008 Wastewater Discharge Alternative Workshop Agenda and DNREC Contact

Information




Exhibit | Date Exhibit Name

23 Dec 15,2008 | "Review of Wastewater Discharge Alternatives Past and Present” Presentation
by Stan Mills

24 Dec 15,2008 | "Delaware Water Pollution Control Revolving Loan Fund" Presentation by Terry
Deputy

25 Mar 2009 "Rehoboth Beach Wastewater Treatment Plant Alternate Discharge Cost
Evaluation" Report by Stearns & Wheler

26 May 2009 “Treated Wastewater Effluent: A Reclaimable and Reusable Resource For
Delaware Agriculture.” Report by Irrigation Preservation Task Force Report

27 May 15, 2009 | "Rehoboth Beach Update on Ocean Outfall Alternative" Presentation by
Stearns & Wheler GHD to Commissioners

28 Aug 18,2009 | "A Regional Planning Report to Assess a Joint Sussex County/City of Rehoboth
Land Application Project” Presentation by WR&A and Stearns & Wheler

29 Oct 2009 "A Regional Planning Report to Assess a Joint Sussex County/City of Rehoboth
Land Application Project” Report by WR&A and Stearns & Wheler

30 Oct 29, 2009 | Running Compilation of Board of Commissioners' Workshop and Regular
Meeting Agenda Items and Portions of Approved Meeting Minutes Relating to
Wastewater Discharge Alternative Discussions beginning June 16, 2008 - Last
updated October 29, 2009

31 Nov 7, 2009 "Rehoboth Beach Wastewater Treatment Plant Alternative Discharge
Evaluation" Presentation by GHD

32 Nov 7, 2009 Notice of Public Hearing - Alternate Wastewater Discharge Methods

33 Mar 23, 2010 | Rehoboth Beach Ocean Outfall Project DNREC Permit Meeting Minutes

34 Jun 11,2010 | Rehoboth Beach Ocean Outfall Project DNREC Review Meeting Minutes

35 Sep 21,2010 | City of Rehoboth Beach Environmental Impact Statement Scoping Meeting
Agenda

36 Nov 29,2010 | Environmental Impact Statement Format per the Environmental Review
Procedures for the Water Pollution Control Revolving Fund

37 Oct 11,2011 | "Rehoboth Beach Ocean Outfall Project Progress Report” Presentation by GHD
at Commissioner's Meeting

38 Apr 2,2012 Legal Notice for the Public Hearing sent out to Cape Gazette, Coast Press,

Delaware State News, and The News Journal. Includes Affidavits, Cut Sheets,
and Actual Ads.




LEWES - REHOBOTH BEACH - SUSSEX COUNTY
Wastewater Disposal Options Meeting
June 12, 2002

City of Rehoboth Beach
Wastewater Treatment Plant

HISTORY
Performance Goal
Date Project Cost TN (mg/L) TP
1987 Startup of original WWTP <20 --
1994 Phase | Upgrade $ 250,000 8 <6
1997 Phase Il Upgrade $2,600,000 6-8 2
Future Limit of Technology 3 0.5

July 1998 TMDL lIssued (“Zero Discharge™)
Ongoing Negotiate Consent Order

Ongoing Evaluate Alternatives to Eliminate Effluent Discharge
Alternatives Considered:
e Land Application
Rapid Infiltration Beds
Deep Well Injection
Ocean Outfall
Water Reuse



Ocean Outfall

Advantages Disadvantages
Proven success (Bethany Beach, Ocean City) No recharge of groundwater
Minimum land requirements Public perception

Long term solution
Possible regional solution
Utilizes existing WWTP

Approximate Cost: $ 25 million (effluent filters, pump station, force main and outfall)




Land Application

Advantages

Disadvantages

Recharges groundwater
Accepted technology
Potential for public access

Approximate Cost:
Spray Irrigation System

Land

Rapid Infiltration Beds

Advantages

Lack of available land

Cost of land

Requires operation of 2 separate WWTPs
Contributes nutrients through groundwater

$ 17,000,000
Includes PS, FM and improvements to WWTP
$ ?? (450 ac @ $20,000/ac = $9,000,000)

Disadvantaqges

Lower relative cost
Recharges groundwater

Approximate Cost:
RIBs

Land

Deep Well Injection

Advantages

Requires net groundwater flow to ocean
Land not available east Route 1

Precludes public access to site

Contributes nutrients through groundwater

$ 7,000,000
Includes PS, FM
$ ?? (110 ac @ $20,000/ac = $2,200,000)

Disadvantaqges

Requires relatively little land

Approximate cost:
Injection System

Land

Does not recharge local aquifers
Never used in Delaware

Public perception

Extensive site investigation
Pilot testing required

Difficult permit approval

$18,000,000
Includes PS, FM and improvements to WWTP
$ ?? (Aprox. 25 ac @ $20,000/ac = $500,000)






MEETING MINUTES

REGIONAL OCEAN OUTFALL STUDY

CAPACITY EVALUATION AND PLANNING STUDY
WEST REHOBOTH EXPANSION

SUSSEX PROJECT 99-07
GMB FILE NO. 99004-RS

A Meeting was held at the North Conference Room at SCED office on September 16, 2002.

Those in attendance were:

Michael 1zzo Sussex County Engineering Dept. (SCED)
Rip Copithorn Stearns & Wheler (S&W)
Peter Bozick George, Miles & Buhr, LLC (GMB)

Items discussed were:

1.

The regional effluent disposal study is intended to produce a report that provides the back-up
information needed by the Corps of Engineers in order to issue an individual construction permit (1P)
for an ocean outfall.

Dr. Joseph Farrell of the University of Delaware has expressed support for the ocean outfall and a
willingness to participate. Discussed the formation of a Citizens Advisory Committee (CAC), to
include Dr. Farrell, Public Health, Coastal Zone Management, Surfrider’s Foundation, Inland Bays,
Sierra Club, Audobon, etc.

Copithorn to check with Al Farling at DNREC about allowing Sussex County to apply directly to
DNREC for funding their portion of the study. 1zzo expects that SCED would send a copy of GMB’s
contract to Farling at DNREC for information and/or approval.

Copithorn to check with Farling about the City of Lewes’ decision to withdraw from the regional
study. Is the project still acceptable to DNREC? Copithorn to check with Greg Ferresse to obtain a
copy of the letter from the City of Lewes on their position to not participate in the study.

Copithorn is looking at a nine (9) month timeframe for the study. There is no specific target date at
this time to drive the completion of the study.

ARCHITECTS & ENGINEERS
SALISBURY*BALTIMORE*LEWES+* SEAFORD*YORK

206 DOWNTOWN PLAZA

SALISBURY, MARYLAND 21801

410-742-3115 FAX 410-548-5790
www.gmbnet.com




Meeting Minutes
March 16, 2012

Page 2 of 2

10.

11.

12.

13.

14.

15.

Sussex County & GMB need to enter into a contract for their portion of the project. Likewise, the
City of Rehoboth Beach and S&W need to enter into a contract. This is expected to be accomplished
within the next three (3) weeks.

A kick-off meeting or chartering session is expected to be convened in about 4-6 weeks. Perhaps as
many as 20 — 30 persons would attend to include all potential stakeholders in the planning, design,
construction, or permitting of the project.

The City of Rehoboth Beach has negotiated a “consent agreement” with DNREC. It has not yet be
signed by both parties. The consent agreement spells out a 10 year time frame broken down into
smaller time segments for (1) the study of alternatives, (2) making a commitment to a selected
alternative, (3) the design period and (4) the construction period. However, Rehoboth Beach needs
to implement some type of initial short-term or temporary nutrient trading to effect some initial
nutrient reductions. Copithorn wondered if DNREC has issued a list of acceptable levels of N
removal from BMP’s that could be considered.

1zzo asked about the legislative issue that affected earlier projects such as Dagsboro-Frankford.
Project. It concerned legal restrictions relative to locating a WWTP and Spray Facility outside the
boundaries of the service area and/or locations within a coastal zone area?

Copithorn is looking for DNREC to define the “worst case” scenario for pollutants in order to drive
the outfall diffuser modeling and determine the required length and depth for the outfall at each
location.

Specific sites need to be identified and reviewed in the field for the spray irrigation alternative. We
should consider using Skip Valliant or another realtor for identifying and obtaining option easements
for site specific spray irrigation evaluations.

Discussed other possible “alternatives” for Rehoboth Beach. For example, Rehoboth helping to
finance the removal of onsite septic systems in Oak Orchard and other areas, in order to get more
nutrient removal in the inland bays that an ocean outfall. Or allowing Rehoboth to spray irrigate in
the summer and discharge to the canal in the winter. Or providing a “reclaimed” water pipeline for
reuse.

Discussed the importance of getting definitive positions from DNREC so that certain alternatives
(RIB’s and deep well) could be decided upon once and for all. Worried that after the report is
completed; DNREC could change their position on the viability of various disposal options.

For discussion purposes, we are currently talking about a $30 million project for an ocean outfall
including the submarine portion and land portions of the project. Copithorn to send copy of cost
estimate.

Sussex County needs to come-up with a position paper on the capacity requested for their portion of
the ocean outfall.

Please contact the writer with suggested revisions.

Respectfully submitted,

PAB

Peter A. Bozick, Jr., P. E.



Regional Wastewater Effluent Disposal Study
for the City of Rehoboth Beach and Sussex County

Progress Meeting

May 13, 2003
Attendees:

Sam Cooper
Greg Ferrese
Bob Stenger
John Schneider
Rodney Wyatt
Ron Graeber
Al Farling
Sarah Cooksey
Scott Andress
Tim Goodger
Joe Farrell

Bill Ullman
Jeff Tinsman
Mike 1zzo
Skip Valiant
Rip Copithorn
Paul Moffett

Mayor
City Manager

WWTP Manager

County Engineer

City of Rehoboth Beach

City of Rehoboth Beach

City of Rehoboth Beach

DNREC

DNREC

DNREC

DNREC/Financial Assistance Branch
DNREC/Coastal Zone Management
Delaware Geological Survey
NOAA/National Marine Fisheries Service
Univ. of Delaware

Univ. of Delaware

Delaware Fish & Wildlife

Sussex County

Seacoast Realty

Stearns & Wheler

Stearns & Wheler

Presentation

Dr. Bill Ullman with the University of Delaware, College of Marine Studies presented
the results of a study that identified the nitrogen and phosphorus inputs to the Inland

Bays.

Ocean Outfall

Rip Copithorn reviewed the preliminary model results of the diffuser and the amount of
initial and far-field dilution expected with the Rehoboth Beach only and the Regional

wastewater flows.

Initial results indicate that, with the flows form Rehoboth Beach only, the proposed
location of the outfall (6,000 feet off Rehoboth Beach) may be adequate to achieve the
dilution required to meet water quality standards at the beach. The higher flows
associated with the regional solution may require the outfall to be extend or at least
located in deeper water to maximize the initial dilution.



Proposed Action Items

Obtain more accurate and detailed bathymetric data to optimize the location of the outfall
and to make some judgments regarding the location of the outfall for the Regional
solution.

Meet with Joe Farrell and Bill Ullman of the University of Delaware to discuss issues
concerning the ocean outfall.

Discuss diffuser design with modelers to improve initial dilution

Land Application

Skip Valiant of Seacoast Realty reviewed his efforts to date in searching for specific land
application sites that may be available within approximately 12 miles of the wastewater
treatment plant site. Approximately 36 potential sites were identified from tax maps and
the owners were contacted by mail. The letter that was sent was on Stearns & Wheler
letterhead and indicated that the purpose of the land acquisition was for the disposal of
treated wastewater. It appears that there is very little interest, on the part of the land
owners, to sell or lease their property for this purpose. The following leads were
developed as a result of the search:

115 acres Gladfeilter Property. Potential lease
150 acres Potential sale although not promising
374 acres Near Henry Creek and Benton Pond. No serious interest

Land values near the water are ranging from $ 30,000 — 50,000 per acre. Much further
inland you may find properties for $ 10,000 — 15,000 per acre.

Typical reasons sited for not selling a property include a wish to keep land in the family,
desire to keep land away from developers and a commitment to continue farming.

The potential use of preserved/protected farmlands was discussed. Although spray
irrigation on such land would not currently be permitted, legislation being considered will
make it feasible. These types of properties will be considered in the effort to site a land
application facility. There is a potential that this project may be competing with DNREC
Parks and Recreation for the same properties. We will contact Ron Vickers with DNREC
to coordinate.

Rapid Infiltration Beds (RIB)

The status of this option was reviewed. RIBs could be permitted if the groundwater did
not flow toward the inland Bays. The possibility of siting an RIB in the Lewes area was
discussed. This was based on a conversation with DGS that indicated that the
groundwater in the Broadkill watershed flows to the Delaware Bay and thus would not
violate the TMDL. However, DNREC indicated that the Broadkill was under study and
would soon receive a TMDL that would preclude this option.



Mounding of groundwater was mentioned as a potential disadvantage of a RIB system.
The other issue is the potential contribution of nutrients to the inland Bays through the
groundwater. DNREC indicated that the acceptability of a RIB system would have to be
determined on a site specific basis.

Groundwater Injection
Shallow Well

Shallow well injection is only acceptable in an unconfined aquifer that is already
contaminated; in this case with brackish water. The definition of brackish is greater than
10,000 mg/L TDS. However, the levels of salts in the potential shallow well injection
areas along the coast have only been documented to contain several hundred mg/l TDS.
Thus shallow well injection would not be feasible. Ron Graeber of DNREC indicated
that he was not sure that this definition of brackish water was applicable in this case and
would confirm.

Deep Well

Deep well injection would require pumping into a confined aquifer, below the drinking
water aquifer. Discussions with DGS identified a potential target. Approximately 800 to
900 feet deep is a stratum of Cheswold sand which is part of the Calvert Formation. The
amount of pumping that it would allow and the pressure required is not known and
expensive pilot tests with a test well would be required in order to develop design criteria.
Other issues include potential clogging due to solids or biological slime and possible
adverse chemical reactions with the ground water. Thus this alternative would be
expensive to pursue with little assurance of being successful.






Rehoboth Beach Effluent Disposal Study

Evaluation of Wastewater Discharge

Alternatives

» Background

* Objectives/Goals

» Land Search

» Discharge Alternatives
» Conclusions

* Next Steps




Background

e TMDL requiring zero discharge

« JPPM Presentation — January 2002

» Kick-Off Meeting — December 13, 2002
« Workshop #1 — May 15, 2003

 Inland Bays Presentation — July 31, 2003
o Workshop #2 — February 19, 2004

« ldentify the most cost-effective and technically
feasible solution for the City of Rehoboth Beach

« ldentify the most cost-effective and technically
feasible Regional solution




Approach

Evaluate the following discharge alternatives

* Rehoboth Beach Solutions
— Land Application
— Rapid Infiltration Beds
— Underground Injection
 Deep Injection Wells
* Shallow Injection Wells
— Ocean Outfall

» Regional (Rehoboth Beach and Sussex County)
— Ocean Outfall

Land Availability Study

Watershed




Land Availability Study

« Skip Valliant / Sea Coast Realty identified properties:
— private property
— located within 12 miles of the WWTP
— greater than 100 acres

« Initial and follow-up letters were sent expressing
interest in purchasing or leasing properties

Sample Letters




Land Availability Study

* Minimal response
 Agricultural Preservation Districts

« Initial and follow-up letters were sent to District
landowners

» Follow-up phone calls were made to landowners that
expressed any interest

Land Availability

Survey - Results

B Not interested (17) Al(4)
© No response (43)
B Interested (3)

34
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Spray lrrigation

Land Requirements

» Area required
— Spray fields only 496 acres
— Total (including buffers and lagoon) 740 acres

* Not enough land available for purchase or lease

11

Spray lrrigation

Site Location

12




Spray lrrigation

Spray Field Layout

13

Spray lrrigation

Cost Summary

Description Cost

Rehoboth Beach WWTP Effluent Pump $1,000,000
Station

Force Main to Lagoon (Holding Pond) $15,500,000
Spray Irrigation System $16,400,000
Land Purchase Price® $18,500,000
Construction Cost (Year 2004 Dollars)® $51,400,000
Engineering, Construction Inspection, $9,900,000
Administration, Legal and Financial

Expenses @ 30%
Total Project Cost $61,300,000
Notes:

1. Land price estimate based on 740 acres @ $25,000 per acre.

. 14
2. Cost includes 30 % contingency




Spray lrrigation

Advantages / Disadvantages

Advantages
— Well established and accepted practice in Delaware
— Recharges groundwater
— Preserves agricultural land use

Disadvantages
— Lack of available land

— High cost of property
— City essentially operating two treatment facilities

— Significant effluent storage volume required

Rapid Infiltration Beds (RIB)

Falmouth, MA - 0.8 mgd facility

16




Rapid Infiltration Beds

Issues

Nutrient Fate
» Potential sites are in the Rehoboth Bay Watershed
» Groundwater flows directly and indirectly into the Love Creek and Herring
Creek
» Ultimately the nutrients discharge to Inland Bays:
— At 3.4 mgdand 5 mg/L TN = 142 Ibs/day
— At 3.4 mgdand 1 mg/L TP =28.5 Ibs/day

Groundwater Mounding

» Discharge into Columbia aquifer

» Groundwater depth is approximately 10 feet

» Hantaxis Model used to determine mounding based on:

* An annual average flow of 2.3 mgd over 90 acres results in the potential
formation of a 9 foot mound

» Additional modeling required for more precise predictions

17

Rapid Infiltration Beds

Field Location

18




Rapid Infiltration Beds

RIB Layout

19

Rapid Infiltration Beds

Summary of Costs

Description Cost
Rehoboth Beach WWTP Effluent Pump $1,000,000
Station
Force Main to Holding Pond $15,500,000
Rapid Infiltration Bed System $18,900,000
Land Purchase Price® $7,350,000
Construction Cost (Year 2004 Dollars)® $42,750,000
Engineering, Construction Inspection, $10,600,000
Administration, Legal and Financial
Expenses @ 30%
Total Project Cost $53,350,000
Notes:
1. Land price estimate based on 296 acres @ $25,000 per acre.

2. Cost includes 30 % contingency. No contingency for land prices. 20




RIB — Advantages/Disadvantages

Advantages
— Easy to operate
— Relatively inexpensive

Disadvantages
— Large land requirement (cost)
— Nutrient transport into Inland Bays greater than TMDL
— Potential for 9-foot of water mounding
— Potential for increase nitrates in groundwater

21

Underground Injection

Definitions

 Shallow Injection Wells (Class V)

— Wells that discharge into an existing or potential drinking
water aquifer defined as Underground Source of Drinking
Water (USDW) which has TDS < 10,000 mg/L

— Must meet primary drinking water standards
* Deep Injection Wells (Class I)

— Discharge below USDW aquifers

— Confined from aquifers above

22




Shallow Injection Well

» Regulated as Class V well

— Delaware’s UIC regulations define Class V as well being
used to “replenish the water in an aquifer” and “not

included in Class I, 11, 111, and IV wells.”
— Does not specifically define the injection of treated
wastewater

— Must meet primary drinking water standards or discharge
in a non-USDW aquifer (>10,000 TDS, salt water
intrusion)

* Injection would enter the water table

(Columbia aquifer)
23

Shallow Injection Well

Issues

Nutrient Fate
— The groundwater recharges the Lewes and Rehoboth Canal
— Nutrient load will move from the Canal into the Inlands
Bays
Groundwater Mounding

— Groundwater mounding can occur based on rate of
recharge and hydraulic conductivity

— Discharge will recharge water table — Columbia aquifer
— Groundwater depth is approximately 5-10 feet below grade

— Significant potential for localized mounding and flooding if
shallowest aquifer used

— Pilot testing necessary for well and aquifer verification

24




Shallow Injection Well

Advantages / Disadvantages

Advantages
— Significantly less land requirements
— Recharge groundwater

Disadvantages
— Nutrient transport ultimately into Inland Bays
— Complex operations
— High level of pretreatment required (drinking water standards)
— Periodic maintenance required (acid cleaning)
— Unknown aquifer hydraulic capacity
— Significant risk of mounding based on RIB data
— Potential increase of nitrates in groundwater
— No salt water intrustion aquifers available

— Pilot borings required to characterize well and aquifer
25

Deep Injection Well

Typical Schematic

26




Deep Injection Well

27

Deep Injection Well

Site Selection Criteria

e An injection zone must:
— not be a USDW
— be separated from USDW by overlying confining layers
— have adequate hydraulic capacity

— be sufficiently far from a location where the aquifer turns
into a USDW such that no effluent can migrate to the
USDW

28




Deep Injection Well

Cheswold Formation

Potential DIW
aquifer

29

Waste Gate Formation

30




existing wells providing data
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surface

. shallow fresh water aquifer

confining layer

© shallow fresh water aquifer

confining layer

/

Waste Gate

Formation
sandstone

Waste Gate Formation ol

Zones
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Deep Injection Well

Advantages / Disadvantages

Advantages
— Significantly less land requirement
— No potential for ultimate discharge to surface water
— Primary drinking water standards not required
Disadvantages
— Complex operations
— High level of pretreatment required including filtration and chlorination
— Periodic maintenance required
— Unknown subsurface below 900 ft
— Unknown aquifer hydraulic capacity
— Pilot borings required to characterize well and aquifer
— No qualified local contractor
— No groundwater recharge
— High Risk 32




Deep Injection Well

Site Layout

33

Deep Injection Well
Schematic

34




Deep Injection Well

Summary of Costs

Description Cost
Rehoboth Beach WWTP - Effluent Filters $2,680,000
Rehoboth Beach WWTP — Effluent Pump Station $1,000,000
Chlorination System $30,000
Force Main to Well Field $1,090,000
6,000 ft Deep Injection Well (20 wells @ $4,000,000) $80,000,000
Well Field Pipe Manifold $760,000
Well Redevelopment $410,000
Land Purchase Price® $1,050,000
Construction Cost (Year 2004 Dollars)@ $87,020,000
Engineering, Construction Inspection, Administration, $25.,800.,000

Legal and Financial Expenses @ 30%

Total Project Cost

$112,800,000

Notes:
1. Land price estimate based on 42 acres @ $25,000 per acre
2. Cost includes 30 % contingency. No contingency on land purchase.

35

Ocean Qutfall

e Location

 University of Delaware current model

» Mixing Model (CORMIX)
— Rehoboth Beach only
— Regional alternatives
— Optimized diffuser design

36




Qutfall
Locations

37

University of Delaware

Current Model

Depth Averaged Current 7/93

38




Current
Velocit
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Distance to
100:1 Dilution

Rehoboth Beach
Only Flows

40




Distance to
100:1 Dilution

Regional

Flows

41

Schematic Design of Diffuser

42




Ocean OQutfall —

Advantages/Disadvantages

Advantages
— Minimal operation required (pumping)
— Minimal maintenance requirements (outfall inspections)
— No potential nutrient transport into Inland Bays
— Perceived as ultimate solution
Disadvantages
— Public acceptance
— Permitting
— No groundwater recharge

43

Ocean Outfall

Cross Section

44




Ocean Outfall

Force Main and Outfall

Ocean Outfall

Summary of Costs

Rehoboth Beach Only

Regional Solution

Description Cost
Rehoboth Beach WWTP $2,860,000
Effluent Filters
Rehoboth Beach WWTP $1,500,000
Effluent Pump Station
Effluent Force Main $2,670,000
Ocean Outfall $22,100,000
Construction Cost (Year 2004 $29,130,000
Dollars)®
Engineering, Construction $7,500,000
Inspection,
Administration, Legal
and Financial Expenses
@ 30%
Total Project Cost $36,630,000

Description Cost

Rehoboth Beach WWTP $4.360,000

Improvements
Wolfe Neck RWF $17,700,000

Improvements
Rehoboth Beach Force Main $1,290,000
Wolfe Neck Force Main $3,710,000
Force Main from Tie-In to

Ocean Outfall $1,950,000
Ocean Outfall $22,400,000
Construction Cost (Year

2004 Dollars)® $51,400,000
Engineering, Construction

Inspection,

Administration, Legal $15,400,000

and Financial Expenses

@ 30%
Total Project Cost $66,800,000




Alternative Comparison

Land Underground Injection Ocean
Application Outfall
Issue RIB Shallow Deep
Public Acceptance + 0 - - -
Environmental Impacts + - - 0 0
Nutrient Loading to Inland 0 - - + +
Bays
Permitting Issues + - - - 0
Reliability 0 0 - - +
Operability 0 + - - +
Constructability 0 + - - 0
Long Term Solution 0 - 0 0 +
Groundwater Recharge + + + - -
Land Requirement - - 0 0 +
Risk + 0 - - +
Cost 0 0 0 = 1
Summary + 5 3 1 1 7
0 6 4 3 3 3
- 1 5 8 8 2 47

Cost Comparison

. 20- Oo&M
Effluent Disposal Alternative Ca(g'(t)gzg)OSt Prezsﬁtr Worth Péf)ssi”(tzggjg)h
Costs (2004%)
Spray Irrigation $61,300,000 $1,990,000 $63,290,000
Rapid Infiltration Bed $53,350,000 $1,920,000 $55,270,000
Deep Well Injection $112,800,000 $2,210,000 $115,010,000
Ocean Outfall
Rehoboth Beach $36,630,000 $2,240,000 $38,870,000
Regional — Rehoboth Beach $16,800,000 $2,240,000 $19,040,000
Regional — Sussex County $50,100,000 $8,560,000 $58,660,000




Conclusions

Eliminate: Recommended Alternative:
e Spray Irrigation » QOcean Qutfall

— Land not available — Lowest PW Value
 Rapid Infiltration Beds — Regional solution

— Land not available
— Nutrient discharge to Inland
Bays
» Shallow Well Injection
— No appropriate sites or aquifers
— Nutrient discharge to Inland
Bays
» Deep Well Injection
— Excessive risk and cost
49

Ocean Outfall

Impact on User Fees

Rehoboth Beach Only Regional Solution

No Grant With Grant No Grant With Grant

Rehoboth Beach

Total Annual User Charge $997 $455 $661 $455

Percent Increase 223% 50% 118% 50%

% MHI @ 1.4 0.6 09 0.6

Grant Amount ® -- $32,500,000 -- $12,700,00
0

Sussex County

Total Annual User Charge $983 $882

Percent Increase 58% 42%

% MHI @ 1.7 15

Grant Amount ¥ -- $29,900,00
0

Notes:

(@ Rehoboth Beach MHI = $72,050 (projected to 2012).

(@) Sussex County MHI = $57,600 (projected to 2012) — Estimate.
()Grant as required to limit user charge increase to 50%.

() Grant based on 50% of capital cost.
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Next Steps

Finalize report with comments form this workshop
Make report available (pdf format)

Present to various interest groups

Consent order compliance schedule
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Questions ?
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EXECUTIVE SUMMARY

l. Background

The Federal Clean Water Act requires states to identify water bodies that do not meet water quality
standards and to impose a “Total Maximum Daily Load” (TMDL) on both the point and non-point
sources that discharge to the water body. The TMDL is intended to limit the pollutant discharges
so that the water quality will improve. In 1996 portions of both the Indian River and the
Rehoboth Bay were listed as water quality impaired and thus required the development of a
TMDL. The TMDL was issued in August, 1998 and required that “all point source discharges
which are currently discharging into the Indian River, Indian River Bay, Rehoboth Bay, and their
tributaries shall be eliminated systematically.” Thus, the Rehoboth Beach WWTP, which
discharges into the Lewes-Rehoboth canal, was no longer allowed to discharge and had to find an
alternate method to discharge its treated wastewater effluent.

Although there was considerable discussion regarding the impacts of the TMDL on the operation
of the Rehoboth Beach WWTP, an extended period of negotiations over the details of its
implementation resulted in an agreement in the form of a consent order to eliminate the discharge.
The consent order provides a timetable for 1) meeting interim permit levels for nitrogen and
phosphorus based on a 25% reduction from currently permitted levels; 2) study of alternatives for
eliminating the discharge; 3) identifying sources of funding for the project; and 4) implementing
the recommended improvements. Trading with non-point sources to reduce or “eliminate” the

nutrient load discharged to the Inland Bays was also permitted.

The objective of this study was to evaluate various alternatives for the disposal of treated effluent
from the Rehoboth Beach Wastewater Treatment Plant with the primary criteria for an acceptable
alternative being that it not result in the discharge of any nitrogen or phosphorus to the inland bays.
The various alternatives were evaluated to identify the alternative which was most technically

feasible, cost effective and environmentally acceptable.
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Preliminary evaluations of effluent discharge alternatives indicate that any proposed solution will
most likely be very expensive and would place an economic burden on the City of Rehoboth
Beach and its residents. A significant amount of state and federal funding will be required to make
the project economically viable. At the same time, growth in the area of Rehoboth Beach and
northern Sussex County is creating a demand for additional wastewater treatment capacity. The
combined costs to comply with the TMDL and to serve the future needs of the communities in the
area prompted the State to encourage a regional solution. A solution that serves the needs of the
entire region of northern Sussex County including Rehoboth Beach, would spread the costs over a

much larger base and thus could reduce the impact on the individual rate payer.

A total of four alternatives were identified for consideration through discussions with the City, the

County and DNREC. These alternatives are briefly described as follows:

« Land Application
Treated effluent is sprayed on agricultural land to irrigate crops and provide nutrients. The
effluent percolates through the soil to the groundwater.

« Rapid Infiltration Beds
Treated effluent is flooded on to sand beds allowing the water to percolate down into the
groundwater.

« Subsurface Injection
Treated effluent is injected either through a shallow well in an area where the groundwater
is contaminated or through a deep well into an aquifer that is confined below the drinking
water aquifers.

« Ocean Outfall
Treated effluent is discharged through an outfall and diffuser into the ocean at a depth and

distance from the shore that insures public health and environmental standards are met.

Only the ocean outfall alternative offers an opportunity to dispose of treated effluent on a regional
basis. If both Sussex County and the City of Rehoboth Beach pursued any of the other alternatives,
then each would look for a site as close as possible to their individual wastewater treatment
facilities. Large tracts of land suitable for land application or rapid infiltration beds are difficult (if

ES-2 Rehoboth Beach WWTP
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not impossible) to find. This, plus the fact that pumping to a central regional disposal site can add
extra capital and operating costs, make such alternatives impractical.

1. Existing Conditions
A. Rehoboth Beach Wastewater Treatment Plant

The Rehoboth Beach Wastewater Treatment Plant (WWTP) is an advanced secondary treatment
plant that produces a high quality effluent. The service area is primarily residential with some
light commercial consisting of shops and restaurants. Thus, the influent wastewater is typical of

domestic wastewater treatment facilities.

The design capacity of the plant is 3.4 mgd, but because of the seasonal nature of the area, the
flows vary greatly between the summer and winter with peak flows occurring on summer holiday
weekends. The 2003 summer and winter average flows were approximately 2.1 mgd and 0.8 mgd,
respectively. The existing WWTP was built in 1989 and was upgraded in 1994 and 1997 to
implement biological nutrient removal (BNR) and chemical phosphorus removal.

The current discharge permit for nitrogen and phosphorus is based on a 12 month moving
cumulative load of nitrogen and phosphorus discharged in the effluent. The total allowable load
(based on the sum of the previous 12 months) is 32,427 pounds of nitrogen and 7,077 pounds of
phosphorus. The plant is actually performing at a level which is better than the discharge permit
requires. The consent order that enforces the requirements of the TMDL will impose further

restrictions on the discharge of nitrogen and phosphorus until it is finally eliminated completely.

B. Sussex County Wastewater Treatment Facilities

Sussex County owns and operates several wastewater treatment facilities serving different areas of

the County. These include:

« Wolfe Neck Regional Wastewater Facility (WNRWF)
« Inland Bays Regional Wastewater Facility (IBRWF)
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« Piney Neck Regional Wastewater Facility (PNRWF)
« South Coastal Regional Wastewater Facility (SCRWF)

The Wolfe Neck, Inland Bays and Piney Neck RWFs are all aerated lagoon systems with effluent
disposal by spray irrigation. The service area of the SCRWF is in the southern portion of the
County, outside an area that would realistically be considered as part of a regional solution with
the City of Rehoboth Beach. The plant is relevant to this study because it currently discharges its
treated effluent through an ocean outfall. The effluent discharge permit imposed by DNREC on
this facility will be the model used by DNREC in permitting any additional ocean outfalls. The
service areas of the Wolfe Neck and Inland Bays RWFs could conceivably become part of a
regional solution. These areas, as well as many of the unsewered areas in northern Sussex County,

are growing and will be in need of additional wastewater treatment capacity.

C. Summary of Flows

A summary of the wastewater treatment flow requirements that are considered in this study are

presented in Table ES-1.

Table ES-1: Wastewater Treatment Flow Requirements

Rehoboth Beach Sussex County Total
Average Daily 3.4 8.0 11.4
Max Month 6.8 16.0 22.8
Peak Instantaneous 10.2 24.0 34.2

1. Evaluation

of Alternatives

A. Land Application

1. Description

Land application involves the spray of treated wastewater effluent over a vegetated site at
agronomic rates appropriate for irrigating the crop.

since the practice involves the indirect recycle of water.

It is considered a form of beneficial reuse

This process accomplishes several
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objectives including irrigation of the crop, additional wastewater treatment and disposal of the
effluent through recycling to the groundwater.

2. Summary of Advantages / Disadvantages
Advantages
« Well established and accepted practice in Delaware
« Recharges groundwater

« Preserves agricultural use of land

Disadvantages
« Lack of available land
« High cost of property

« Significant effluent wastewater storage volume required

3. Discussion

Approximately 740 acres of land are required for the disposal of the treated effluent from the City
of Rehoboth Beach. Land is becoming increasingly scarce, especially in the vicinity of the City,
and the cost of the land is increasing dramatically. Ideally, the land application site selected for
effluent disposal would be fairly rectangular or square, have soil conditions that allow good
percolation and adequate depth to ground water, be free of wells, streams and structures, be
relatively flat and not be wooded. Anything that varies form the ideal increases the amount of

property required.

A great deal of effort was expended in attempting to locate an actual site that could be used and
which could be purchased or leased. Professional assistance was retained to search for properties
and both private properties and land preserved by the Agricultural Land Preservation Act was
considered. A group of properties was identified, centered around one property that expressed
some interest in selling. The site is approximately 11.5 miles from the Rehoboth Beach WWTP.
However, in order for land application to be feasible, the surrounding properties would also have
to agree to sell and it was clear that agreement to sell was not going to be obtained. Despite this,
the property was pursued and a purchase offer was extended. The offer was not accepted because

ES-5 Rehoboth Beach WWTP
Effluent Disposal Study



of the conditions which are required in order to protect the City. In general, there appeared to be
considerable objection on the part of individual landowners to the use of their property for the

application of treated wastewater effluent.

B. Rapid Infiltration Beds
1. Description

Rapid infiltration involves the percolation of treated effluent into the ground water through a soil
bed at a fairly high rate. The basins are typically flooded and then allowed to dry and rest for a
period of time. Thus the rapid infiltration beds (RIBs) rotate in and out of service. The soil that
provides the bed for percolation of the effluent is typically either sand or the natural soils on the
site. A minimal amount of additional treatment is achieved through filtration but the treatment
level is less than provided by spray irrigation which involves effluent application rates that are
much lower and the use of crops to take up nutrients. Filtration through the soil may remove some
minor amount of BOD and solids. A very minor amount of nitrogen, present as organic nitrogen in
particulate form, may be removed but ammonia and oxidized nitrogen (nitrate) which are soluble,
will pass through to the ground water. Ammonia can be oxidized to nitrate through the process of

nitrification by bacteria present in the soil, if sufficient amounts of oxygen is present.

2. Summary of Advantages / Disadvantages
Advantages
« Proven technique for effluent disposal
« Recharges groundwater
o Relatively low impact in terms of amount of land required (compared to land

application) and cost

Disadvantages
« Potential to contribute nutrients to Inland Bays through contact with surface water
« Potential for local mounding of groundwater

« Use would prevent public access to land
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3. Discussion

Rapid infiltration Beds require less land than does spray irrigation; approximately 300 acres of
land would be required. However, for all the same reasons discussed relative to the land
application alternative, the land required for this alternative could not be identified. In addition,
the rapid infiltration bed alternative involves a permit issue which could potentially disqualify it
from any further consideration. The TMDL developed for the inland bays requires that there be
absolutely no discharge of nutrients from the Rehoboth Beach WWTP to the inland bays. RIBs, if
located within the inland bays watershed, will discharge some amount of nutrients into the ground
water which then moves with the ground water toward a receiving stream that then flows to the
inland bays. Thus their use would technically be prohibited in the watershed. Ground water
modeling would be required to prove that the ground water did not carry nutrients to the inland

bays.

C. Underground Injection
1. Description

Underground injection is the disposal of wastewater below ground by pumping or gravity flow to
an aquifer. A well is defined as any bored, drilled or driven shaft or dry hole that is deeper than it
is wide. There are five classes of wells regulated by EPA and DNREC; however, there are
basically two types of underground injection systems that could potentially be used to dispose of
the treated effluent from the Rehoboth Beach WWTP. These are Shallow Well Injection (Class V)
and Deep Well Injection (Class I).

Deep Wells are wells that inject waste below the lowermost geological formation containing an
existing or potential drinking water aquifer defined in the Underground Injection Control (UIC)
program as an Underground Source of Drinking Water (USDW). A USDW is an aquifer that is
presently used for drinking water, has the potential to be used for drinking water or has a total
dissolved solids (TDS) concentration less than 10,000 mg/L. Deep wells inject into aquifers below
USDWs and are regulated as Class | wells. A confining geologic layer must be present between
the USDW and the contaminated aquifer to protect the USDW from potential contamination. The
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porosity and permeability in the injection zone must be sufficient to prevent excessive pressure

buildup in the aquifer. The depth of Class | wells varies but can be as deep as 12,000 feet or more.

Shallow wells would typically include any system that injects treated wastewater into a shallow
aquifer either by pumping into the aquifer or by infiltration. This type of well system is regulated
as a Class V well. There are many types of Class V wells including agriculture drainage wells,
storm water drainage wells, large capacity septic systems, fossil fuel recovery wells in addition to

municipal wastewater effluent disposal wells.

With shallow injection wells, the aquifer is not confined and the injected wastewater effluent is
free to migrate as determined by the pressure gradients. The greatest concern with this type of
disposal system is the protection of all USDW aquifers and there are two situations under which
this type of well may be permittable. The two conditions under which this type of well may be
permitted are that either the treated effluent must meet safe drinking water standards or the shallow
aquifer must already be contaminated to the point where it would no longer be considered as a
potential source of drinking water. This latter situation could possibly exist in coastal areas where

salt water has intruded into the shallow drinking water aquifer.

2. Summary of Advantages / Disadvantages
Advantages
« Relatively small land requirement
« Recharge of ground water

« Potential to form barrier to salt water intrusion (shallow well)

Disadvantages
« Extensive pilot testing would be required to determine design requirements and
permitability.
« Risk associated with initial testing investment without the assurance of obtaining
discharge permits.
« Public acceptance of an unknown disposal method.
« Operational issues related to the potential for plugging of the injection well.
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o Long-term risk, based on experience elsewhere, associated with potential to

contaminate other aquifers.

3. Discussion

There are no known areas of groundwater contamination in the watershed, within an existing
shallow drinking water aquifer, that would allow the injection of treated effluent. Previous test
wells have located areas with some level of salt water intrusion as indicated by Total Dissolved
Solids levels in the range of several hundred mg/L but not exceeding the 10,000 mg/L level that
would classify it as not suitable as a drinking water source. It is also understood that DNREC
would never allow an existing USDW aquifer, that could be a potential source of drinking water,

to be declassified as a USDW and therefore to be used for shallow well injection.

A potential deep well formation, identified by the Maryland Geologic Survey, exists at a depth of
approximately 5,000 feet or greater. This formation known as the Waste Gate Formation is
believed to contain very high TDS levels and is confined by impervious layers above. This
formation was used as the basis of developing cost estimates for this form of effluent disposal.
However, a great deal of information is not known about the geology of the formation and there is

considerable technical, financial and environmental risk inherent in pursuing this option.

D. Ocean Outfall

1. Description

This method of effluent disposal is based on the discharge of the treated effluent wastewater into
the ocean at a distance offshore and depth where the potential public health and environmental
impacts are negligible. The initial dilution and dispersion of the treated effluent insures

compliance with all water quality regulations and public health standards

2. Summary of Advantages / Disadvantages
Advantages
« Minimal operating requirements
« Minimal maintenance requirements

« No potential nutrient transport into the inland bays
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« Perceived as ultimate solution

« Potential as regional solution

Disadvantages
« Public acceptance
« Permitting issues

« No ground water recharge

3. Discussion

The ocean outfall alternative is the only alternative that can be considered as a regional solution in
addition to serving the needs of the City of Rehoboth Beach alone. Dilution modeling of the
outfall diffuser was completed under two different scenarios; one with the flows expected from the
City alone and two, with the flows from both the City and the County under a regional approach.
The modeling indicated that there would be excellent initial and farfield dilution under the various
operating conditions and ambient conditions and that the outfall would meet all expected discharge
permit and public health requirements. Some improvements at the Rehoboth Beach WWTP and
the Sussex County plants would be required in addition to the outfall. Although several outfall
locations were considered, the proposed location, based on the modeling effort and other
considerations, is to extend 6,000 feet off of Rehoboth Beach as shown in Figure ES-1.
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Figure ES-1: Proposed Location of Ocean Outfall and Force Main

E. Costs
A summary of the capital, operations and maintenance, and present worth costs are presented in
Table ES-2.
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Table ES-2: Alternative Cost Summary

_ _ Capital Cost 20-year O&M Present
Effluent Disposal Alternative (2005$) Present Worth Worth Cost
Costs (2005%) (2005%)
Spray Irrigation $61,300,000 $1,990,000 $63,290,000
Rapid Infiltration Bed $53,350,000 $1,920,000 $55,270,000
Deep Well Injection $112,800,000 $2,210,000 | $115,010,000
Ocean Outfall
Rehoboth Beach $36,630,000 $2,240,000 $38,870,000
Regional — Rehoboth Beach $16,800,000 $2,240,000 $19,040,000
Regional — Sussex County $50,100,000 $8,560,000 $58,660,000

IV. Recommended Plan

A. Comparison of Alternatives

A comparison of the various alternatives on the basis of a number of subjective issues is presented
in Table ES-3.

Table ES-3: Comparison of Alternatives

Land Underground Injection Ocean
Issue Application RIB Shallow Deep Outfall
Public Acceptance + 0 - - -
Environmental Impacts + - - 0 0
Nutrient Loading to Inland 0 - - + +
Bays
Permitting Issues + - - - 0
Reliability 0 0 - - +
Operability 0 + - - +
Constructability 0 + - - 0
Long Term Solution 0 - 0 0 +
Groundwater Recharge + + + - -
Land Requirement - - 0 0 +
Risk + 0 - - +
Cost 0 0 0 - +
Summary  + 5 3 1 1 7
0 6 4 3 3 3
- 1 5 8 8 2
Notes:

1. A (+) indicates that, in regards to the particular issue the alternative is generally considered to be positive or beneficial.
2. A (0) indicates a neutral response.

3. A (-) indicates that the alternative is negative or detrimental with regards to the issue.

4. Indicates an issue, which essentially eliminates the alternative from further consideration.
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B. Discussion

It is recommended that the City of Rehoboth Beach pursue an ocean outfall as the method of
effluent disposal. Based on evaluations of the various methods of effluent disposal available to the
City, an ocean outfall is the only technically feasible approach available to the City that has a
realistic potential to be sited and permitted. A summary of the primary reasons for selecting this

alternative follows:

« Land Application, while technically feasible, is not a viable option because the land
required to implement this option is not available. Also the cost to purchase land, were it to
be available, is becoming increasingly expensive.

« Rapid Infiltration Beds would not be permitted within the watershed because they would
result in the flow of nutrients through the ground water to the inland bays. In addition,
adequate land to site the RIBs could not be located.

« Underground Injection, while technically feasible, is not a practical option because of the
cost and risk associated with permitting and developing the wells.

« Preliminary modeling indicates that, even under the worst-case scenario regarding the
performance of the wastewater treatment plant and ocean currents, public health
requirements are met at or in close proximity to the diffuser.

« Ocean outfalls have a well-documented history of protecting public health and compliance
with environmental regulations.

« An ocean outfall can be considered a final solution in the sense that, once it is built and in
operation, the discharge is immune from future regulatory issues and environmental
concerns related to the TMDL program for the Inland Bays, which regulates the discharge
of nutrients in the watershed.

« An ocean outfall is the only alternative that has the potential to be a regional solution and
thus possibly further reduces the impact on the individual user charges.

« Considering the City of Rehoboth Beach alone, the ocean outfall is the most cost-effective

alternative.
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C. Impact on User Charges
1. General
The impact of the estimated capital and the operation and maintenance for the ocean outfall and
associated improvements on the user charges for both the City of Rehoboth Beach (Rehoboth
Beach only solution and Regional solution) and for Sussex County (Regional solution) was
determined. The basis of this determination was the current actual rate structure for both the City
and the County. Several funding scenarios were considered including:

« No grant funding available

« Grant funding provided to limit user charge increase to 50%

2. Rehoboth Beach Only
Scenario 1 — Finance Entire Capital Project Cost

The capital and operating costs were escalated to 2012 dollars to better determine the impact of the
Rehoboth Beach solution. The capital cost for the Rehoboth Beach ocean outfall in year 2012
dollars is $43,740,000. Based on the assumption of no grant funding, the annual costs associated
with the Rehoboth Beach Ocean Outfall are summarized in Table ES-4. Table ES-4 includes the
projected debt service to repay the loan plus the existing and projected annual operation and

maintenance costs for the recommended plan.

Table ES-4: Annual Cost for Ocean Outfall

Source Value
Existing O&M Costs $1,530,000
Additional O&M Costs (Ocean Outfall)? $189,000
Additional WWTP O&M Costs® $418,000
Annual Interest* $1,750,000
Annual Principal® $1,470,000
Total Annual Cost $5,360,000

Notes:

1. From Rehoboth Beach 2004 — 2005 budget escalated to 2012 at 3% per year.

2. For detailed computation see Appendix K.

3. From Table 9-5 Annual Costs Associated with the Wastewater Treatment Plant escalated
to 2012 at 3% per year

4, Based on $43,740,000 * 4% = $1,750,000

5. Principal = $43,740,000 * 0.0736 - Interest ($1,750,000)
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The current revenue for the City is approximately $1,661,000 annually. An increase of 223% of
the metered sewer rates, North Shores revenue, Dewey Beach revenue and Henlopen Acres
revenue would be required to achieve an annual revenue of $5,360,000 (factor of 3.23 times

existing rates). Table ES-5 summarizes the revenue associated with an increase of 223%.

Table ES-5: Annual Revenue with 223% Increase in User Charges’

Source Value
Metered Sewers — Commercial $2,070,000
Metered Sewers — Residential $1,270,000
North Shores $420,000
Dewey Beach $1,480,000
Henlopen Acres $120,000
Total $5,360,000°

Notes:
1. For detailed computations see Appendix K. All revenue sources were increased by the 223%.
2. Rounded to the nearest ten thousand.

Based on the 2,115 customers with service connections less than 1-inch, an increase of 223%
would result in an annual average user charge of $977.46, which is less than the maximum
“reasonable” user charge of $1080.76 per the DNREC guidelines.

Scenario 2 — Grant Financing to Limit User Charge Increase to 50%

A more reasonable increase, but still a significant increase to the Rehoboth Beach users and other
customers, over the next several years would be an increase of no more than 50% over the current
charges. Table ES-6 summarizes the revenue expected with an increase of 50%. As shown in
Table ES-6, the revenue is significantly less than the projects $5,360,000 required (see Table ES-
4),
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Table ES-6: Annual Revenue with 50% Increase in User Charges®

Source Value
Metered Sewers — Commercial $960,000
Metered Sewers — Residential $590,000
North Shores $200,000
Dewey Beach $690,000
Henlopen Acres $60,000
Total $2,500,000°

Notes:
1. For detailed computations see Appendix K. All revenue sources were increase by 50%.
2. Rounded to the nearest ten thousand.

With an increase of 50% in user charges, significant grant money would be required to build the
Rehoboth Beach Ocean Outfall. With an annual budget of $2,500,000, a grant for 88.7% of the
total capital cost, $43,740,000, is required resulting in a loan of approximately, $4,940,000. The
annual costs associated with the loan are summarized in Table ES-7.

Table ES-7: Annual Cost for Ocean Outfall with 88.7% Grant Funding

Source Value
Existing O&M Costs’ $1,530,000
Additional O&M Costs (Ocean Outfall)? $189,000
Additional WWTP O&M Costs® $418,000
Annual Interest® $198,000
Annual Principal® $162,000
Total Annual Cost $2,500,000°

Notes:

1. From Rehoboth Beach 2004 — 2005 budget escalated to 2012 dollars.

2. For detailed computation see Appendix K.

3. From Table 9-5 Annual Costs Associated with the Wastewater Treatment Plant escalated
to 2012 dollars

4, Based on $4,940,000 * 4% = $198,000

5. Principal = $4,940,000 * 0.0736 — Interest ($198,000)

6. Rounded to the ten thousand.

3. Regional Solution
The capital and operating costs were escalated to 2012 dollars to better determine the impact of the
Regional ocean outfall solution. Table ES-8 summarizes the capital and operating cost for

Rehoboth Beach and Sussex County for the Regional Ocean Outfall.
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Table ES-8: Regional Solution Capital and Operating Costs

Capital Cost | Existing O&M Additional Additional
Source (2012%) Costs (2012%) O&M Cost O&M Cost for
(2012%) WWTP (2012%)
City of Rehoboth Beach $20,060,000 $1,530,000 $189,000 $418,000
Sussex County $59,820,000 N/AD $720,000 N/A
Total Cost $79,880,000

Note:
1. Not available at this time.

A. Impact on Rehoboth Beach User Charges
Scenario 1 — Finance Entire Capital Project Costs

The City of Rehoboth Beach would have to finance its portion of the regional solution. The capital
cost for the Rehoboth Beach Ocean Outfall is estimated to be $20,060,000 (year 2012 dollars).
Based on the assumption of no grant funding, the annual costs for the City of Rehoboth Beach

associated with the Regional Ocean Outfall are summarized in Table ES-9.

Table ES-9: Rehoboth Beach Annual Cost for Regional Ocean Outfall

Source Value
Existing O&M Costs’ $1,530,000
Additional O&M Costs (Ocean Outfall)? $189,000
Additional WWTP O&M Costs® $418,000
Annual Interest* $678,000
Annual Principal® $802,000
Total Annual Cost $3,620,000°

Notes:

1. From Rehoboth Beach 2004 — 2005 budget escalated to years 2012 dollars.

2. For detailed computation see Appendix K.

3. From Table 9-5 Annual Costs Associated with the Wastewater Treatment Plant escalated
to year 2012 dollars.

4, Based on $20,060,000 * 4% = $802,000

5. Principal = $20,060,000 * 0.0736 — Interest ($802,000)

6. Rounded to the ten thousand.

The current revenue for the City is approximately $1,661,000 annually. An increase of 118% of
the metered sewer rates, North Shores revenue, Dewey Beach revenue and Henlopen Acres

revenue would be required to achieve an annual revenue of $3,620,000. Table ES-10 summarizes

the revenue associated with an increase of 118%.
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Table ES-10: Annual Revenue with 118% Increase in User Charges’

Source Value
Metered Sewers — Commercial $1,400,000
Metered Sewers — Residential $860,000
North Shores $280,000
Dewey Beach $1,000,000
Henlopen Acres $80,000
Total $3,620,000°
Notes:

1. For detailed computations see Appendix K. All revenue sources were increased by the

118%.
2. Rounded to the nearest ten thousand.

Based on the 2,115 customers with service connections less than 1-inch, an increase of 118%
would result in an annual average user charge of $660.73, which is less than the maximum
“reasonable” user charge of $1080.76 per the DNREC guidelines.

Scenario 2 — Grant Financing to Limit User Charge Increase to 50%

A more reasonable increase but still a significant increase to the Rehoboth Beach users and other
customers over the next several years would be an increase of no more than 50% over the current
charges. Table ES-11 summarizes the revenue expected with an increase of 50%. As shown in

Table ES-11, the revenue is significantly less than the projected $3,620,000 required (see Table

Table ES-11: Annual Revenue with 50% Increase in User Charges®

Source Value
Metered Sewers — Commercial $960,000
Metered Sewers — Residential $590,000
North Shores $200,000
Dewey Beach $690,000
Henlopen Acres $60,000
Total $2,500,000°
Notes:

1. For detailed computations see Appendix K. All revenue sources were increase by 50%.

2. Rounded to the nearest ten thousand.
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With an increase of 50% in user charges, significant grant money would be required to build the
Regional Ocean Outfall. With an annual budget of $2,500,000, a grant for 75.5% of the total
capital cost, $15,150,000, is required resulting in a loan of approximately, $4,910,000. The annual

costs associated with the loan are summarized in Table ES-12.

Table ES-12: Annual Cost for Ocean Outfall with 75.5% Grant Funding

Source Value
Existing O&M Costs’ $1,530,000
Additional 0&M Costs (Ocean Outfall)? $189,000
Additional WWTP O&M Costs® $418,000
Annual Interest* $164,000
Annual Principal® $196,000
Total Annual Cost $2,500,000°

Notes:

1. From Rehoboth Beach 2004 — 2005 budget escalated to year 2012 dollars.

2. For detailed computation see Appendix K.

3. From Table 9-5 Annual Costs Associated with the Wastewater Treatment Plant escalated
to year 2012 dollars.

4. Based on $4,910,000 * 4% = $196,000

5. Principal = $4,910,000 * 0.0736 — Interest ($196,000)

6. Rounded to the ten thousand.

B. Impact on Sussex County User Charges

Scenario 1 — Finance Entire Capital Project Costs

The impact to the Sussex County users was determined by the County with the estimated capital
cost and operating costs from Table ES-2. The cost estimates were escalated to year 2012 dollars.
The capital and O&M costs associated with the WWTP improvements and regional ocean outfall
are $59,822,000 and $720,000 (year 2012 dollars). For the determination of the annual debt
service associated with the construction of the WWTP plant upgrades and the ocean outfall, a 40-
year bond with an interest rate of 5.5% was assumed. Table ES-13 summarizes the Sussex County

cost associated with the WWTP improvements and the operation of the ocean outfall.
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Table ES-13: Sussex County Annual Costs*

Source Value
Annual Loan Cost (Interest & Principal) $3,714,000
Additional O&M (WWTP & Regional
Ocean Outfall) $720,000
Total $4,434,000°

Notes:
1. All cost shown in Year 2012 dollars.
2. Annual Loan Cost based on 40-year bond at 5.5% annual interest

Based on the 2006 Budget, the estimated number of users is 15,348. The estimated number of
users was increased at 3% per year to 2012. Table ES-14 summarizes the impact of the WWTP

and Regional Ocean Outfall solution to the Sussex County users.

Table ES-14: Annual Revenue for WWT Costs®

Source Value
Additional Annual Cost for WWTP &
Regional Ocean Outfall? $4,434,000
Number of Users (Year 2012) 18,326
Additional Cost per User for WWTP and

Ocean Outfall $242
2012 Estimated User Charger® $741
Total 2012 User Charge $983
Percent Increase in User Charge” 58%

Notes:

1. All cost shown in Year 2012 dollars.

2. Annual Loan Cost based on 40-year bond at 5.5% annual interest. See Table ES-13.
3. Estimated 2005 user charge of $621 escalated to 2012 at 3% for 6 years

4. Increase = Project User Charge / Current User Charge - 1

Scenario 2 — 50% Grant Funding

Table ES-15 summarizes the cost to Sussex County if 50% grant funding is awarded for the

Regional Ocean Outfall solution including the cost for upgrading the WWTP.
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Table ES-15: Sussex County Annual Costs with 50% Grant Funding®

Source Value

Total Capital Cost (Year 2012 dollars) $58,820,000
Grant Funding $29,910,000
Loan $29,910,000
Annual Loan Cost (Interest & Principal) $1,857,000
Additional O&M (WWTP & Regional

Ocean Outfall) $720,000
Total $2,577,000°

Notes:
1. All cost shown in Year 2012 dollars.
2. Annual Loan Cost based on 40-year bond at 5.5% annual interest

Table ES-16 summarizes the impact of the WWTP and Regional Ocean Outfall solution to the
Sussex County users.

Table ES-16: Annual Revenue for WWT Costs?

Source Value
Additional Annual Cost for WWTP &
Regional Ocean Outfall $2,577,000
Number of Users (Year 2012) 18,326
Additional Cost per User for WWTP and

Ocean Outfall $141
2012 Estimated User Charger® $741
Total 2012 User Charge $882
Percent Increase in User Charge® 42%

Notes:

1. All cost shown in Year 2012 dollars.

2. Annual Loan Cost based on 40-year bond at 5.5% annual interest. See Table ES-13.
3. Estimated 2005 user charge of $621 escalated to 2012 at 3% for 6 years

4. Increase = Project User Charge / Current User Charge - 1
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CHAPTER 1

INTRODUCTION

1.1  BACKGROUND

The City of Rehoboth Beach Wastewater Treatment Plant (WWTP) receives wastewater from
the City and surrounding areas of Henlopen Acres and Dewey Beach. The WWTP treats the
waste to a very high level removing not only organics and solids, as is typical of a secondary
treatment plant, but also removing nitrogen and phosphorus which can stimulate algae growth in

the receiving stream.

The original WWTP was completed in November 1987 and was designed to provide a secondary
level of treatment. At that time, nutrient removal was not a requirement of the discharge permit.
During the next permit review, however, nutrients became an issue and the nitrogen and
phosphorus levels were capped based on the performance that the plant was capable of
achieving. This was consistent with the “Comprehensive Conservation and Management Plan
(CCMP) for Delaware’s Inland Bays” which was a plan that established goals for nutrient
reductions throughout the Rehoboth Bays watershed. The reductions for the WWTP were based

on the baseline load of nitrogen and phosphorus discharged in 1989.

In 1993 the discharge permit issued by the Delaware Department of Natural Resources &
Environmental Control (DNREC), for the City of Rehoboth Beach WWTP, expired. The City
then entered into a voluntary agreement with DNREC to implement Biological Nutrient Removal
(BNR) at the Rehoboth Beach WWTP. The City agreed to undertake this capital project in an
effort to do its part to improve water quality in the Inland Bays. A final cap on nutrients was
established based on the 1989 baseline load. The final cap was established as a 30% reduction in
nitrogen and a 70% reduction in phosphorus to be monitored on a rolling annual average.
Interim goals of a 15% and 30% reduction in nitrogen and phosphorus discharge were also

established. These percentage reductions equate to the allowable loads shown in Table 1-1.
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Table 1-1: Nutrient Loading Goals for the Rehoboth Beach WWTP

1989 Baseline Load | Interim Reduction Final Cap
TN 46,324 lbs. 39,375 Ibs. 32,427 lbs.
TP 23,589 lbs. 16,512 Ibs. 7,077 Ibs.

The plant was upgraded in two phases, in 1994 and 1997, to reduce the nitrogen and phosphorus
discharge as required by the consent order. By 1998, the WWTP had actually reduced the
amount of nitrogen and phosphorus being discharged by 43% and 82%, respectively, thus
exceeding the requirements of the permit. Continued operational improvements have achieved
further reductions in the amount of nutrients presently discharged by the plant. A summary of

performance from recent years is presented in Table 1-2.

Table 1-2: Summary of Performance from Recent Years

Annual Load (#/yr)
Year TN TP
1998 26,501 4,265
1999 30,133 5,193
2000 25,386 4,390
2001 21,402 4,666
2002 26,404 2,567

During this period of time, DNREC was developing a water quality model of the Inland Bays in
response to Federal requirements. The Federal Clean Water Act requires states to identify water
bodies that do not meet water quality standards and to impose a “Total Maximum Daily Load”
(TMDL) on both the point and non-point sources that discharge to the water body. The TMDL is
intended to limit the pollutant discharges so that the water quality will improve. In 1996
portions of both the Indian River and the Rehoboth Bay were listed as water quality impaired and
thus required the development of a TMDL. The TMDL was issued in August, 1998 and required
that “all point source discharges which are currently discharging into the Indian River, Indian
River Bay, Rehoboth Bay, and their tributaries shall be eliminated systematically.” Thus, the
Rehoboth Beach WWTP, which discharges into the Lewes-Rehoboth canal, was no longer
allowed to discharge and had to find an alternate method to discharge its treated wastewater
effluent.
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Although there was considerable discussion regarding the impacts of the TMDL on the operation
of the Rehoboth Beach WWTP, an extended period of negotiations over the details of its
implementation resulted in an agreement in the form of a consent order to eliminate the
discharge. The consent order provides a timetable for 1) meeting interim permit levels for
nitrogen and phosphorus based on a 25% reduction from currently permitted levels; 2) study of
alternatives for eliminating the discharge; 3) identifying sources of funding for the project; and
4) implementing the recommended improvements. Trading with non-point sources to reduce or

“eliminate” the nutrient load discharged to the Inland Bays was also permitted.

Preliminary evaluations of effluent discharge alternatives indicate that any proposed solution will
most likely be very expensive and would place an economic burden on the City of Rehoboth
Beach and its residents. A significant amount of state and federal funding will be required to
make the project economically viable. At the same time, growth in the area of Rehoboth Beach
and surrounding areas of Sussex County is creating a demand for additional wastewater
treatment capacity. The combined costs to comply with the TMDL and to serve the future needs
of the communities in the area prompted the State to encourage a regional solution. A solution
that serves the needs of the entire region of north-central Sussex County including Rehoboth
Beach, would spread the costs over a much larger base and thus could reduce the impact on the

individual rate payer.

1.2  OBJECTIVES

The primary objectives of this study are as follows:

Evaluate technical feasibility of various alternatives for discharging treated effluent.

Estimate realistic construction and operating costs for each alternative.
Identify the most cost-effective and environmentally acceptable alternative to pursue.

M wnp e

Consider the ocean outfall as both a Rehoboth Beach solution and a regional solution to

serve portions of Sussex County.
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The study approach, as discussed in the next section, was intended to provide sufficient technical
documentation and to be sufficiently broad in scope to justify the recommended alternative to the
satisfaction of the various permit agencies and public stakeholders. It must be realized that, in
order to proceed with the recommended alternative through the permit and design phases of the
project, additional technical and environmental information will need to be gathered through
field investigations and study.

The impact of the estimated project costs on the user charges in the service area were estimated
based on assumptions regarding funding and the sharing of costs among jurisdictions (regional
solution). The purpose of this analysis was to allow judgments to be made by the City of
Rehoboth Beach and Sussex County regarding the cost-effectiveness of proceeding

independently or cooperating in a regional solution.

1.3 APPROACH

A total of four alternatives were identified for consideration through discussions with the City,

the County and DNREC. These alternatives are briefly described as follows:

« Land Application
Treated effluent is sprayed on agricultural land to irrigate crops and provide nutrients.
The effluent percolates through the soil to the groundwater.

« Rapid Infiltration Beds
Treated effluent is flooded on to sand beds allowing the water to percolate down into the
groundwater.

« Subsurface Injection
Treated effluent is injected either through a shallow well in an area where the
groundwater is contaminated or through a deep well into an aquifer that is confined

below the drinking water aquifers.

1-4 Rehoboth Beach WWTP
Effluent Disposal Study



« Ocean Outfall
Treated effluent is discharged through an outfall and diffuser into the ocean at a depth
and distance from the shore that insures public health and environmental standards are

met.

Preliminary designs were completed for each feasible alternative in an effort to develop realistic
cost estimates. The environmental impacts and permit requirements were also evaluated. The
most cost-effective solution, which minimized environmental impacts and provided a long-term,

reliable method of effluent disposal was then identified.

The ocean outfall alternative was considered as a potential solution for the City of Rehoboth
Beach alone and as a regional solution to provide capacity for the City and portions of Sussex
County. Only the ocean outfall alternative offers an opportunity to dispose of treated effluent on
a regional basis. If both Sussex County and the City of Rehoboth Beach pursued any of the other
alternatives, then each would look for a site as close as possible to their individual wastewater
treatment facilities. Large tracts of land suitable for land application or rapid infiltration beds are
difficult (if not impossible) to find. This, plus the fact that pumping to a central regional disposal
site can add extra capital and operating costs, make such alternatives impractical.

The estimated project costs were factored into the rate structure of the City and the County to
assess the fiscal impact on individual users. The user charges are based on a conceptual plan for
sharing the capital and operating costs between the City and the County and on assumptions
made regarding the level of funding provided by the State.

1.4  ORGANIZATION OF THE REPORT

The existing wastewater treatment facilities, flows and loads, and the discharge permit
requirements are described in Chapter 2, Existing Conditions. Significant effort was expended in
attempting to identify actual sites that could be purchased or leased by the City to operate a land
application system for effluent disposal. These efforts are described in Chapter 3, Land Search.

The four effluent disposal alternatives are then presented as follows:
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o Chapter 4 Land Application

o Chapter5 Rapid Infiltration Beds
« Chapter 6 Underground Injection
o Chapter7 Ocean Outfall

In each case, the disposal alternative is described, the advantages and disadvantages are
presented, the technology and its application elsewhere is reviewed, the environmental and
regulatory issues associated with its use are discussed, and a preliminary design is developed.
The capital and operating costs of the proposed facility are presented and finally an
implementation plan is discussed. The alternatives are compared and a recommended plan is
developed in Chapter 8, Evaluation of Alternatives. Chapter 9, Financial Considerations,
presents the potential impacts of the project on the user charges and discusses funding of the

project.
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CHAPTER 2

EXISTING CONDITIONS

21 REHOBOTH BEACH

The City of Rehoboth Beach owns and operates one wastewater treatment plant, which

discharges to the Lewes-Rehoboth Canal.

2.1.1 Description of Facilities

The Rehoboth Beach Wastewater Treatment Plant (WWTP) is an advanced secondary treatment
plant that produces an effluent of higher quality than that of a typical secondary treatment plant.
The service area is primarily residential with some light commercial consisting of shops and

restaurants. Thus, the influent wastewater is typical of domestic wastewater treatment facilities.

The design capacity of the plant is 3.4 mgd, but because of the seasonal nature of the area, the
flows vary greatly between the summer and winter with peak flows occurring on summer holiday
weekends. The 2003 summer and winter average flows were approximately 2.1 mgd and 0.8

mgd, respectively.

The existing WWTP was built in 1987 and was upgraded in 1994 and 1997 to implement
biological nutrient removal (BNR) and chemical phosphorus removal. Sludge is aerobically
digested and land applied. Figure 2-1 shows a process schematic for the Rehoboth Beach

WWTP. The plant currently consists of the following treatment processes:

« Screening
e Grit removal

« Activated sludge process
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FIGURE 2-1: Rehoboth Beach WWTP Process Flow Diagram
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Barrier oxidation ditches (2) with cyclical aeration and variable speed DO
controlled blowers for carbonaceous BOD removal, nitrification and
denitrification

Final clarifiers (2) — 98-ft diameter, 12-ft side water depth

Ferric Chloride addition for chemical phosphorus removal

« Microscreen effluent filtration

« Chlorination

« Dechlorination

o Reaeration

Figure 2-2 shows the existing site plan for the Rehoboth Beach WWTP.

2.1.2 Effluent Requirements

The current NPDES discharge permit limits for the Rehoboth Beach WWTP, issued by DNREC
are summarized in Table 2-1. The parameters are as presented in the draft permit dated May 28,
2003. The permit is expected to be finalized in the Fall of 2005.

Table 2-1: Rehoboth Beach NPDES Permit Limits

Parameter Permit Requirement Unit Basis
Flow 3.4 mgd Daily Average
BODs 19 mg/L Daily Average
TSS 15 mg/L Daily Average
TN 24,300 Ibs/yr Annual rolling average (1)
TP 5,308 Ibs/yr Annual rolling average (1)
DO >5.0 mg/L Continuous
pH 6.0-9.0 Std. units Continuous
Enterococcus 10 Colonies/100mL Geometric mean
Note:

1. Compliance required within 2 years of permit issuance by either nutrient removal at the WWTP of by effluent
trading with non-point sources
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2.1.3 Performance

The WWTP has performed very well. Actual effluent data is summarized in Table 2-2.

Table 2-2: Rehoboth Beach WWTP Current Performance Data

Parameter Average Annual
Concentration (mg/L) Load (Ibs/yr)
BOD 2.3 8,820
TN 8.7 33,400
TP 0.5 1,920
Notes:

1. Performance data based on January — December 2003.
2. Annual average flow for 2003 was 1.26 mgd.

It is expected, based on historical records that the flows will increase slowly at a rate of
approximately 2.5% per year. The design capacity of the plant (3.4 mgd) is considered adequate
and there are no plans to expand the capacity either now or in the future.

2.2  SUSSEX COUNTY WASTEWATER TREATMENT FACILITIES

Sussex County owns and operates several wastewater treatment facilities serving different areas

of the County. These include:

« Wolfe Neck Regional Wastewater Facility (WNRWF)
« Inland Bays Regional Wastewater Facility (IBRWF)
« Piney Neck Regional Wastewater Facility (PNRWF)
« South Coastal Regional Wastewater Facility (SCRWF)

The service area of the SCRWF is in the southern portion of the County, outside an area that
would realistically be considered as part of a regional solution with the City of Rehoboth Beach.
The plant is relevant to this study because it currently discharges its treated effluent through an

ocean outfall. The effluent discharge permit imposed by DNREC on this facility will be the
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model used by DNREC in permitting any additional ocean outfalls. The service areas of the
Wolfe Neck and Inland Bays RWFs could conceivably become part of a regional solution. These
areas, as well as many of the unsewered areas in northern Sussex County, are growing and will

be in need of additional wastewater treatment capacity.

A brief description of each facility and its discharge permit limits are presented below.

2.2.1 Wolfe Neck Regional Wastewater Facility

The Wolfe Neck Regional Wastewater Facility is an aerated lagoon treatment system with a
design capacity of 4 mgd. The facility is located just north of Rehoboth Beach. Figure 2-3
shows a process flow diagram for the WNRWF. Wastewater from the West Rehoboth Expansion
of the Dewey Beach Sanitary Sewer District is screened prior to entering a series of aerated
lagoons (each 23.8 million gallons). Treated effluent is disinfected and then disposed through
spray irrigation. An existing site layout is shown in Figure 2-4. The land application site consists
of 320 acres that are leased form the State of Delaware’s Division of Parks and Recreation. The
spray equipment consists of five center pivots spray irrigation systems. The spray fields are
farmed for wheat, barley, clover and forage crops.

2.2.2 Inland Bays Regional Wastewater Facility

The Inland Bays Regional Wastewater Facility is an aerated lagoon treatment system with a
design capacity of 1.46 mgd. The facility is located near Millsboro, Delaware. Treated effluent
is disinfected and then pumped to the land application site. The 208 acre site consists of two

center pivot spray systems that irrigate the land for cultivation of corn, barley and wheat crops.
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2.2.3 Piney Neck Regional Wastewater Facility

The Piney Neck Regional Wastewater Facility is an aerated lagoon system with a design capacity
of 0.20 mgd. The facility is located near Dagsboro, Delaware. The treated effluent is disinfected

and then land applied on 38 acres that are farmed for corn and rye.

A solid set spray system is used for distributing the effluent. Treated effluent is also sprayed on

a 16.7 acre site of loblolly pine.

2.2.4 South Coastal Regional Wastewater Facility

The South Coastal Regional Wastewater Facility is an activated sludge plant located near
Frankford, Delaware that currently has a design capacity of 6 mgd. The plant was recently
upgraded to incorporate a new sludge treatment process that will produce a Class A sludge for
land application. Also, the wastewater treatment plant is in the process of being upgraded and
expanded to a design capacity of 9 mgd. Construction of the expansion is expected to be

completed in November of 2006.

Table 2-3: Sussex County RWFs NPDES Permit Limits

BOD TSS
Facility Flow Daily Ave. | Daily Peak | Daily Ave. TN
mgd mg/L mg/L mg/L Ibs/acre/yr
Wolfe Neck RWF 4.00 50 75 90 396
Inland Bays RWF 1.46 50 75 90 200
Piney Neck RWF 0.20 50 75 90 418 ™
South Coastal RWF® 9.00 15 23 15 N/A®
Notes:
1. On spray irrigation fields (350 Ibs/acre/yr on loblolly pine)
2. New permit requirements after expansion.
3. No application limit because of ocean outfall discharge.
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2.3 SUMMARY OF STUDY CONDITIONS

The objective of the study is to identify the best alternative effluent disposal method for the City
of Rehoboth Beach alone and for Rehoboth Beach and Sussex County together as a regional
solution. The flows and loads that will be considered as the basis for this evaluation are

summarized below.

2.3.1 Rehoboth Beach Only

The design capacity of the existing treatment plant is 3.4 mgd. The discharge permit assumes
that the 3.4 mgd is an average day flow. However, the TMDL calculations that form the basis of
the nutrient discharge limits for the plant, assume that the average flow for the summer season is
3.4 mgd. This capacity is adequate for the foreseeable future and there are no plans to expand
the capacity. The actual flows will vary daily and seasonally and these variations are significant
to the design of the infrastructure required for the various alternative disposal methods being
considered. Based on historical records, the flow varies seasonally (average summer and winter
flow) by a factor of approximately 2.0. Thus when the plant is at the design capacity of 3.4 mgd
in the summer, the average winter flow will be approximately 1.7 mgd. Using historical data to
estimate the maximum month and peak day peaking factors yields the design flows that are

summarized in Table 2-4 below.

Table 2-4: Rehoboth Beach WWTP Design Flows

Condition | Flow (mgd)

Average Day
Summer 3.4
Winter 1.7
Peak Day
Summer 6.8
Winter 3.4

Peak Instantaneous

Summer 10.2

Winter 5.1
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2.3.2 Regional Solution

Sussex County has estimated their need for wastewater treatment capacity to be 8 mgd on an
average daily basis. Table 2-5 summarizes the flow requirements for average design capacity
and peak day and peak instantaneous flow based on typical flow peaking factors for peak day

and peak instantaneous flow.

Table 2-5: Sussex County RWF Design Flows

Peaking Factor Flow
Average Day N/A 8.0
Peak Day 2.0 16.0
Peak Instantaneous 3.0 24.0

The regional solution must consider both the flow from the Rehoboth Beach WWTP and the
Wolfe Neck RWF. Table 2-6 summarizes the flow requirements for the regional solution.

Table 2-6: Combined Flows (Regional Solution)

Rehoboth Beach Sussex County Total
Average Daily 3.4 8.0 114
Peak Day 6.8 16.0 22.8
Peak Instantaneous 10.2 24.0 34.2
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CHAPTER 3

LAND SEARCH

3.1 AREAREQUIREMENTS

3.1.1 Land Application

A significant amount of land is required for land application. The spray area alone would require
approximately 500 acres, depending on the nature of the soils. Additional land is required for
buffers and setbacks. Thus, if the property has an odd, disjointed shape and there are a number
of streams or structures on the property, the land required for buffers could be very significant.
Land is also required for an effluent holding pond to temporarily store the effluent prior to
spraying. Thus, it was assumed, for the initial land search, that a total of at least 550 acres will be

needed with approximately 500 acres of the property suitable for spray application.

Ideally the site selected would be fairly square or rectangular so that the spray fields could be
arranged efficiently to make maximum use of the property, using a combination of circular spray
rigs or solid set sprinklers. Also, for the reasons cited above, the property would ideally be fairly
level and void of streams and structures. However, it is recognized that this is unrealistically
restrictive so the property search included smaller properties that, if not contiguous, were at least
close to each other. The disadvantage of utilizing multiple properties, aside from the fact that the
total area required increases, is that the cost of constructing and operating such a system also

increases.

Private property and lands designated, under the Delaware Agricultural Lands Preservation Act,
as either a Preservation District or a Preservation Easement were considered in the search.
Agricultural Preservation Districts or Easements cannot currently be used for effluent disposal by
land application. However, DNREC has indicated that the revisions to the legal requirements
governing these properties are under review and it is expected that the law will be changed to

allow such use.
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3.1.2 Rapid Infiltration Beds

Approximately 175 acres are required for the use of Rapid Infiltration Beds (RIBs) as a method
of effluent disposal. This does not include the land required for a storage lagoon and buffers.
Although it is certainly easier to find 175 acres as compared to the site requirements for land
application, this method of disposal is governed by some environmental restrictions that further

complicate the site location.

3.2 APPROACH

A professional realtor was retained to conduct a search of properties in an effort to identify land
that may be available for use as a spray irrigation site. The search was conducted by Mr. Skip
Valiant, President of Seacoast Realty. Initially the search focused on large properties (greater
than 100 acres) located within approximately 10 to 12 miles of the wastewater treatment plant.
Beyond this distance, the cost to convey the wastewater to the spray site becomes excessive
compared to other feasible alternatives. Because of the lack of response, the search was widened
to include smaller properties (less than 100 acres) with the hope of finding contiguous properties
that could be grouped into a larger site.

A total of 46 properties were identified in the Sussex County Tax Maps (Areas 234 and 334).
The properties ranged in size from 87 acres to 828 acres. The properties are shown on the map
in Figure 3-1.

The owner of each potential site was sent a letter, on Stearns & Wheler letterhead, presenting the
reason for the inquiry and asking them to respond regarding their interest in pursuing either a
sale or lease agreement (copy of typical letter in Appendix A). These initial contacts were made
during the period of March through May 2003. Follow-up contacts were made to the owners

multiple times, whether by letter and/or phone. The response was discouraging. As shown on
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Figure 3-1, many owners called to say that they were not interested while others could not be
reached and did not respond. Those who expressed some minor interest indicated that they
would only consider a lease and that they were concerned with land application because they
wanted to continue growing vegetables on the land. It would of course not be allowed to grow
crops for direct human consumption on the property if it were used for land application. A few
owners expressed some potential interest, but the size of the properties were well below the
minimum requirements for land application. There was one owner that expressed definite
interest but the property, because of its size, would only possibly be suitable for rapid infiltration
beds.

In May 2003 it was decided to expand the search for property beyond the initial search area.
These additional property owners were contacted by letter during the period of May to June

2003. The results were again disappointing with no viable candidates identified.

It was then decided to further expand the search by considering lands that are preserved for
agricultural use by the Delaware Agricultural Lands Preservation Act. The Agricultural Lands
Preservation Foundation was established by the State of Delaware to create incentives to
agricultural land owners to preserve their land for farming and not sell to developers. The land
may be preserved either as an Agricultural Preservation District or as an easement. The creation
of a District requires the landowner to execute a deed restriction that prevents rezoning of the site
for development as a subdivision. The landowner receives several tax exemptions as a benefit.
This agreement is temporary and typically binds the land to the deed restrictions for a period of
10 years. The property may also be protected through an easement, which basically makes

permanent, the deed restrictions described previously for a District.

However, currently the law does not allow the application of treated effluent on lands preserved
by the Agricultural Land Preservation Act. In the last several years there have been initiatives in
the legislature to remove these restrictions and, according to DNREC, it is expected that

eventually the restrictions will be removed.
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Three different properties or groups of properties protected by the Agricultural Lands
Preservation Act were contacted during the month of August 2003. Each of these three sites
were made up of several smaller properties. Any one individual property would not provide
enough area to satisfy the land application requirements. However, the properties were
contiguous and it was hoped, as was the case with the private properties, that one of property
owners would agree to land application thus creating an impetus for adjacent property owners to
follow suit. None of the property owners contacted expressed an interest in allowing spray

irrigation.

As a last effort to identify a possible site, it was decided to pursue one of the few properties that
expressed a possible interest in selling their property. The goal was to get one piece of property
committed and under contract hoping that the surrounding sites may also eventually agree thus

creating a land application site large enough to meet the needs of the project.

The only property that definitely said that they would be interested in selling was the Glatfelter
Pulpwood Company property identified as property No. 25 on the table of properties (Tax Map
No. 2-34 5.00 33.00). This site has an approximate area of 115 acres which is not adequate for
land application without several adjacent properties also being made available. The site could
also be used for a rapid infiltration bed type disposal system but again, only with some additional
adjacent properties. A purchase contract was developed by the City, in conjunction with their
solicitor, and presented to Glatfelter Pulpwood Company in April 2004 through Mr. Skip
Valiant, the agent representing the interests of the City. The purchase offer had by necessity, a
number of contingencies to protect the interests of the City. The offer was not accepted. There
are a number of issues regarding contingencies that would have to be negotiated with any

potential land purchase.

Complete documentation of the land search is provided in Appendix B.
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3.3 CONCLUSION

Based on the experience to date, it is concluded that it is very unlikely that the City will be able
to identify or purchase the amount of land in a suitable location to allow the construction of a
spray irrigation facility or rapid infiltration bed facility to meet the needs of the City of Rehoboth
Beach. Efforts to identify potential sites continued throughout the study, but without success.

One of the objectives of this study is to estimate the cost of a spray irrigation facility to serve the
needs of the City and in order to meet this objective, it will be assumed that sufficient property in
the vicinity of the Glatfelter property is available. This site, along with several of the adjacent
properties, will be used as a basis for estimating the capital and operational costs of a spray
irrigation system. The Glatfelter property will also be used as a basis for estimating the cost of a
Rapid Infiltration Bed system. These cost estimates will be developed to provide a means of
comparison to the other alternatives being considered but it is recognized that, because the land

is not yet available nor is it likely to be available, the project may not actually be feasible.

3.4 ISSUES

3.4.1 General

Several trends are impacting land use and making it more difficult to acquire the amount of land
required. There is tremendous competition among developers for properties near existing coastal
communities and the construction of new developments continues to occur further inland. The

competition for land continues to drive the purchase price up dramatically.

DNREC is also seeking to acquire large properties to preserve as parkland. Although such
properties could potentially be used for spray irrigation, the program increases the competition
for the available land. Land use restrictions would prevent the parklands from being used for

rapid infiltration beds.
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Large commercial operations for logging or farming are leveraging the increased value of their
existing properties by selling or trading existing acreage near the coast for larger tracts of land
further inland. However most, if not all, of the properties that have had this opportunity
presented to them have already been sold to others. The City of Rehoboth Beach is not in a
position to respond quickly to an opportunity that would require the City to commit large sums
of money to a land acquisition not knowing if the site is even adequate to meet their wastewater

disposal needs.

Some property owners would prefer to keep their property undeveloped. The Agricultural Land
Preservation Act provides an opportunity for them to set the property aside and still generate
some revenue. As discussed previously, legally such properties are not available for use as spray
irrigation sites. However, it is our understanding that DNREC intends to change the legal
requirements governing the use of such properties and that spray irrigation will eventually be an

allowable use.

3.4.2 Specific to Rehoboth Beach

There are several issues which handicap the ability of the City to aggressively pursue real estate
opportunities, even if they were to appear. These issues are reflected in the contingencies that
were written into the purchase offer in regards to the Glatfelter Pulpwood Company property and

are summarized below.

Since there is no single parcel of land large enough to accommodate the required spray irrigation
system, several adjacent or nearby lots must be purchased. This would require the City to
commit to purchasing one tract of land without knowing if the other lots required to make a

workable system are available or can be purchased at a reasonable price.

Because of the magnitude of the capital costs for each of the effluent disposal alternatives under
consideration and the relatively small user base in the City of Rehoboth Beach service area, it
will be necessary for the State to provide some combination of grants and low interest loans to
make the project financially viable. It is also likely that some degree of regional cooperation will
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be necessary to make the project cost-effective. It is not possible for the City to “up-front” the
amount of money that would be required to purchase the land for the project.
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CHAPTER 4

LAND APPLICATION

41  DESCRIPTION

Land application involves the spray of treated wastewater effluent over a vegetated site at
agronomic rates appropriate for irrigating the crop. It is considered a form of beneficial reuse
since the practice involves the indirect recycle of water. This process accomplishes several
objectives including irrigation of the crop, additional wastewater treatment and disposal of the

effluent through recycling to the groundwater.

The additional treatment provided by the land application system is limited but, in the case of the
Rehoboth Beach wastewater treatment plant, the effluent is already treated to a very high level.
The level of treatment at the plant is greater than other existing land application sites in the state

that have been functioning successfully for years.

The rate of application is controlled by a number of factors including primarily the hydraulic
capacity of the soil and the nutrient loading which is based on capacity of the crop to utilize
nutrients in the effluent. Typically the nutrient load is the limiting factor. However, with the
Rehoboth Beach wastewater effluent, the level of nitrogen and phosphorus in the effluent is
significantly lower than most other spray irrigation applications. Thus higher hydraulic loading
rates may be permitted. A summary of the factors that are considered in the design of a spray

irrigation facility are presented below:

« Soil permeability

« Ground water table

o Type of crop

o Weather

o Wastewater characteristics

4-1 Rehoboth Beach WWTP
Effluent Disposal Study



4.1.1 Summary of Advantages / Disadvantages

Advantages

« Well established and accepted practice in Delaware
« Recharges groundwater

« Preserves agricultural use of land

Disadvantages

« Lack of available land
« High cost of property

« Significant effluent wastewater storage volume required

42 ENVIRONMENTAL IMPACTS

Land application has been practiced successfully in Delaware for over 25 years with no adverse
effect on the fields, crops or groundwater. The various types of potential impacts are discussed

in this section.

421 Health

The primary health related concern is in regards to the potential for either direct or indirect
contact with pathogenic organisms contained in the effluent wastewater. This could potentially
occur either by direct contact with effluent which has collected in ponds on the site or in runoff
from the site or possibly from contact with aerosols. This risk is essentially nonexistent since the
effluent is disinfected prior to application on the field. Epidemiological studies have
demonstrated that aerosols pose no increased health concern to the public. There are several

regulatory requirements that are intended to protect the public from these potential health risks.
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Buffers are required between the spray field and residential area, streams and wells. The amount
of buffer required depends on the degree of treatment provided to the wastewater. Typical
secondary treated wastewater is required to maintain a 100 to 150 foot buffer. Wastewater that
has been treated to a tertiary level, such as the Rehoboth Beach WWTP effluent, is required to
maintain a 50-foot buffer or less. Buffers between the spray site and adjacent streams, or

waterways that pass through the site, are also protected by water quality guidelines.

4.2.2 Water Quality

Surface Water

Design standards for land application systems prohibit the application of treated effluent at rates
that will exceed the hydraulic capacity of the soils. Thus runoff from the site should not be a
concern. However, buffers are also required which provide an extra measure of protection to

streams passing through the site.

Groundwater

The treated effluent will percolate through the soil and into the shallow aquifer. As it passes
through the soil and the roots of the crops, additional treatment of the effluent is achieved. The
Rehoboth Beach WWTP provides a higher degree of treatment than is normally achieved for the
land application of wastewater effluent. The standard level of treatment is to a secondary level.
However, the Rehoboth Beach WWTP provides tertiary treatment which removes additional
solids, provides biological nitrogen removal, and chemical phosphorus removal. The nitrate
concentration in the percolate must not exceed the state drinking water standard of 10 mg/L. The
effluent of the Rehoboth Beach WWTP is typically 6 mg/L Total Nitrogen of which

approximately 4 to 5 mg/L is in the form of nitrate.
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4.2.3 Soil Conditions

The primary concern with regards to the soils is the addition of salts that can accumulate over
time. High concentrations of salts can cause injury to the crops. Also high concentrations of
sodium relative to calcium and magnesium can reduce the permeability of the soil by the
dispersion of clay materials. This ratio is expressed as the Sodium Absorption Ratio (SAR).

43  SITESELECTION

As discussed in Chapter 3, the availability of land application sites that are suitable for use by the
City of Rehoboth Beach, are very limited. As of the date of this report, only one site with limited
acreage was identified as a possible site. In order for land application to be viable, additional
acreage from nearby or adjoining sites would be required. It is extremely unlikely that they will
be available since contacts to date with nearby property owners have resulted in either a negative
response or complete lack of interest in selling the property. However, in order to provide a
perspective on the feasibility of proceeding with land application as the selected alternative, it is
important to develop a cost estimate for a system that is as realistic as possible. Thus, it has been
assumed that for the basis of this report, the property identified in Figure 4-1 is the selected site.

44  REGULATORY REQUIREMENTS
The regulations concerning the land application of treated effluent are contained in the DNREC

document entitled “Guidance and Regulations Governing the Land Treatment of Wastes

(Amended October, 1999). The basic requirements are summarized in this section.
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4.4.1 Wastewater Characteristics
The degree of wastewater treatment required depends on the intended use of the site and the
amount of public access that will be granted. A summary of the basic effluent requirements for

the different categories of access are summarized in Table 4-1.

Table 4-1: Effluent Requirements for Spray Irrigation

BOD TSS Fecal
Type of Public Access mg/L mg/L (col/100ml)
Average | Peak | Average | Peak
Restricted 50 75 50 90 200
Limited 30 30 200
Unlimited 10 10 20

Based on the data shown in Table 2-2, the Rehoboth Beach WWTP exceeds the requirements
specified for limited public access; however, additional treatment would be required for
unlimited public access. In order to qualify for unlimited public access, the existing effluent
would require additional treatment including chemical coagulation and flocculation followed by
filtration. Limited public access is perfectly acceptable since, if the City were to proceed with
land application, the land would be owned or controlled by the City and public access would not

be allowed.

4.4.2 Prohibitions

There are a number of restrictions placed on the agricultural use of the land for the protection of
human health. The growing of vegetables and the grazing of animals are prohibited on land that
is actively used for land application. The concern is for the potential transfer of pathogens and

parasitic organisms. Once land application has ceased, then:

« Grazing by animals other than diary cows may be resumed after one month
« Grazing by diary cows may be resumed after one year

« Vegetables may be grown after 18 months
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4.4.3 Site Characteristics

Physical Site

Gently sloping sites are preferred because the slope decreases the potential for ponding.
However, excessive slopes are not permitted because of the potential for runoff from the site.
The slope limits are 7 percent furrow crops, 15 percent for forage crops and 30 percent for

forested land.

Soils

The soils, as defined by the USDA Soil Conservation Service, must be characterized with
moderately slow permeability (0.02 to 0.6 inches/hour). Poorly drained soils with high
groundwater tables or restrictive subsurface layers are generally not acceptable. A detailed soil
investigation by a Professional Soil Scientist is required as part of the design and permitting
process. The tests required include saturated hydraulic conductivity and a series of tests on the
chemical properties of the soil. A hydrogeologic survey of the site by a Professional Geologist is

also required to characterize the water table.

4.4.4 Buffers

Buffers are required to provide protection against exposure to aerosols. The amount of buffer
required depends on the degree of public access allowed which in turn dictates the effluent
quality required. Both Restricted Public Access and Limited Public Access sites require a 150-
foot buffer between the edge of the wetted area and all property boundaries or the shoulder of a
road. A 100-foot buffer is required between the spray field and any perennial stream or lake. If
the watercourse is intermittent, then a 50-foot buffer is required between the water course and the
spray field. If the site is designed for Unlimited Public Access, then no buffers are required.
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4.4.4.1 Design Criteria

The design wastewater loading rate is a function of precipitation, evapo-transpiration, design
percolation rate, the loading of nitrogen and other constituents that could potentially limit the
amount applied, depth to groundwater and the average and peak wastewater flows during the
different seasons. The final design wastewater loading rate is determined by selecting a rate that
satisfies the water balance requirements on the site and the requirement to not exceed the
allowable loading of nitrogen, phosphorus and various metals on the site. The maximum
allowable wastewater loading rate is 2.5 inches per week and an instantaneous rate of 0.25 inches
per hour (DNREC Guidance).

Onsite storage capacity must be provided realizing that, while the wastewater is generated
continuously, disposal on the spray fields may be limited by operational issues, inclement
weather including rain or freezing conditions and by the water budget specific to the site.
Typically, 45 days of storage capacity or more is required. In addition, two days of capacity (at
average daily flow) is required to store wastewater (reject wastewater storage) in case the
effluent fails to meet the required water quality standards. There is some very limited storage
capacity available at the treatment plant. However, in the case of the proposed Rehoboth Beach
system, it is impractical to store the full volume of the reject wastewater (6.8 MG) and then
recycle it back through the wastewater treatment plant because the plant is located over 10 miles
from the spray site. A feasible alternative in this case is to locate several spray fields with the
additional buffer required to be classified as a limited or restricted access site. This approach
would allow the application of effluent that does not comply with the higher quality effluent

standards imposed by the unlimited public access classification.

4.4.4.2 Monitoring Requirements

In order to insure compliance with the permit requirements, various characteristics of the effluent

wastewater, the groundwater and the soils are monitored. Typical parameters monitored for the
effluent applied to the field include BOD, TSS, COD, NH4-N, NO3-N, TKN, TP, Cl, Na, K, Ca,
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Mg, metals and certain priority pollutants. Groundwater is monitored by the placement of
monitoring wells upgradient and downgradient of the spray fields. Representative samples of the

soil are analyzed periodically to monitor for changes in the soil chemistry.

45 PROPOSED DESIGN

The land application system design will include a spray irrigation system, onsite storage
(lagoon), a pump station and an effluent flow conveyance system. In addition, an effluent pump
station would be required at the Rehoboth Beach WWTP to provide the hydraulic head necessary
to pump effluent to the land application site. The total estimated project cost for this design is

provided at the end of this section.

45.1 Land Application Site

The site selected for the preliminary layout of the spray irrigation system was based on the single
property owner that indicated a willingness to sell his property to the City. However, as
mentioned previously, the size of this property is inadequate for a spray irrigation system.
Therefore, for effluent spraying to be feasible, it will be necessary to acquire adjacent properties.
As mentioned above, adjacent lands are not available to the City for purchase. However, for the
purpose of developing cost estimates for this alternative, it is assumed that the City would

acquire these lands for constructing an effluent spray irrigation system.

4.5.1.1 Lagoon

The lagoon will provide the effluent storage requirement for the spray irrigation system. The
storage volume requirement consists of three components, operational storage, wet weather and
emergency storage and water balance storage. Operational storage is the volume required to store
effluent wastewater during periods when the spray irrigation system is not in operation, for
example weekends. The wet weather and emergency storage provides for periods of excessive

rain or snowfall, saturated or frozen soil conditions and equipment failure. Water balance is the
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difference in storage volume between the potential effluent wastewater loading rate (assuming all
influent wastewater is applied to the spray fields) and the maximum allowable hydraulic loading

rate.
The design of the lagoon storage system is based on DNREC Guidance and Regulations
Governing the Land Treatment of Wastes, 1999. DNREC regulations require a minimum storage

period of 15 days but prefer a storage period of 45 to 60 days.

Operational storage is based on storing the entire plant design flow (3.4 mgd) over a 2-day
weekend.

Wet weather and emergency storage was calculated based on the following equation:

Wet Weather and Emergency Storage = Delta P x 30.4 days/month/D(allowed) critical
Where:

« Delta P = 30 year variation from 5-year return monthly

o D(allowed) crit. = Maximum allowable hydraulic loading in most critical water
balance month.

o A Delta P value of 2.1 inches was assumed for Southern Delaware (DNREC

Guidance).

Water balance storage was calculated using the following equation:

Water Balance Storage (in./month) = D(Potential) — D(allowed)
Where:

« D(Potential) = Potential wastewater loading (in./month) assumes all influent wastewater
is applied to the spray fields

« D(allowed) = Maximum allowable hydraulic wastewater loading (in./month)
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o D(Potential) is based on an assumed maximum design loading rate of 2.4 inches per
week This maximum loading rate may occur during the summer when conditions

generally facilitate higher loading rates.

D(allowed) is calculated from climatological data (Evaporation + Percolation — Precipitation)
obtained for Lewes, DE (the closest city with available climatological data). A percolation rate of
0.48 in/day was assumed for these calculations based on using 10% of the mean saturated
hydraulic conductivity of the most limiting layer within the first five feet from the surface (0.2
in./hr.).

Based on the calculations, the total storage volume was broken down as follows:

Total Storage (123 MG) = Operational Storage (43.7 MG) + Wet Weather and Emergency
Storage (23.8 MG) + Water Balance Storage (55.1 MG)

The total storage volume calculated above does not include storage for reject wastewater.

With this storage volume, the storage period will be approximately 36 days, assuming the entire
plant design flow will be diverted to the lagoon. This storage period is greater than the DNREC’s
recommended minimum storage period of 15 days but less than the preferred storage period of
45 to 60 days. Assuming a 45-day storage period, the required volume will be approximately 153
MG (assuming the entire plant design flow is diverted to the lagoon). However, this approach
may be too conservative since it is anticipated that the Rehoboth Beach WWTP will be able to
utilize the spray irrigation system year round. For the Rehoboth Beach WWTP spray irrigation

system, a storage volume of 123 MG is recommended.

It should be noted that the neighboring Sussex County WWTP, which is a 2.3 mgd facility has a
combined effluent storage volume of 83.8 MG for its spray irrigation system. This is equivalent
to approximately 36.4 MG of storage volume per MGD of flow. Based on the 123 MG storage
volume provided for the Rehoboth Beach WWTP, the equivalent storage will be 36.2 MG per
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MGD (based on a 3.4 mgd design capacity) which is similar to that of the Sussex County
WWTP.

The layout of the lagoon is dictated by the groundwater level in that area. Based on groundwater
information provided by the Delaware Geological Survey, the high ground water elevation
(which occurs during the wet season) is approximately 6 feet below grade. Allowing one foot of
separation above the high water level, the bottom of the lagoon will be located approximately 5
feet below grade. In order to achieve the required volume, a 5-foot berm will be constructed
around the lagoon to provide a total depth of 10 feet. The 10-foot depth includes 2 feet of

freeboard. The approximate area of the storage lagoon is 40 acres.

4.5.1.2 Spray Fields

The entire wetted area is subdivided into individual spray fields. Effluent should be applied once
or twice per week per field (DNREC Guidance). This would allow for aeration and drying of the
soil profile. The spray field is sized to adequately treat the storage volume discussed above plus
seven days of design average daily flow. DNREC requires that sufficient area be provided for the
spray fields so that the stored wastewater can be irrigated within a reasonable period of time such
that system operation and storage needs are not compromised. The formula for calculating

wetted area (spray field area) is as follows:

A(wetted) = A(ADF) + A(OP) + A(WW/E) + A(WB)
where:
o A(wetted) = required wetted field area (acres)
« A(ADF) = area (acres) necessary to treat seven days of average daily flows
« A(OP) = area (acres) necessary to treat the operational storage
« A(WWIE) = area (acres) necessary to treat the inclement weather/emergency storage

« A(WB) = area (acres) necessary to treat the water balance storage
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The required area for wet weather and emergency storage and for water balance storage is based
on the need to eliminate these storage volumes within a 90-day period. The design hydraulic

loading rate used for these calculations is 2.1 inches per week.

Based on the above formula and assumptions, the spray field area was determined as follows:

Wetted Area (496 acres) = A(ADF) (438 acres) + A(OP) (10 acres) + A(WW\E) (34 acres) +
A(WB) (14 acres)

Again, for the purpose of comparison, the Sussex County WWTP has a spray field area of 320
acres or 139 acres per MGD of flow (320 acres/2.3 mgd). Based on a spray field area of 496
acres, the Rehoboth Beach WWTP will have an equivalent area of 146 acres per MGD (496
acres/3.4 mgd). It should be noted that this area is approximate and is based on the above
assumptions. The assumed loading rates should be verified prior to proceeding with this

alternative.

A layout of the spray fields is shown in Figure 4-2. Appendix C contains calculations for the
spray irrigation system. The spray irrigation system was laid out using available lengths for the
spray irrigation system provided by a single manufacturer, Zimmatic. The spray irrigation
utilizes a center pivot spray system which allows irrigation in a circular pattern. It should be
noted that this layout is preliminary. A more detail design could result in a more effective overall
layout. Also the spray field site is very irregular which results in inefficient use of the property.
Based on this preliminary layout which includes a 47 acre-area for the storage lagoon and a 496-
acre area for the spray field, the total area of 740 acres will need to be purchased. This would

require purchasing property from at least seven property owners.
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4.5.1.3 Effluent Pumping and Conveyance

Flow from the Rehoboth WWTP will be conveyed through approximately 11.5 miles of 24-inch

pipe. There is inadequate hydraulic head available for the flow to be conveyed by gravity.

Therefore, effluent pumping will be required. An effluent pump station will be located at the

plant site, downstream of the disinfection process. Four vertical turbine pumps (three plus one

spare), each with a design capacity of 2,400 gpm will be used to pump effluent wastewater

through a 24- inch pipe to the storage lagoon. The pumps will be located above an underground

wet well and will be housed inside a building.

46  COSTS

An engineering estimate of probable construction cost for spray irrigation is presented in Table

4-2. A detailed cost breakdown is included in Appendix C.

Table 4-2: Estimate of Probable Construction Cost for the Rehoboth Beach
WWTP Spray Irrigation System Alternative

Description Cost
Rehoboth Beach WWTP Effluent Pump Station $1,000,000
Force Main to Lagoon (Holding Pond) $15,500,000
Spray Irrigation System $16,400,000
Land Purchase Price” $18,500,000
Construction Cost (Year 2005 Dollars)® $51,400,000
Engineering, Construction Inspection, $9,900,000
Administration, Legal and Financial Expenses @
30%
Total Project Cost $61,300,000
Notes:

1. Land price estimate based on 740 acres @ $25,000 per acre.

2. Cost includes 30 % contingency.
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4.7  SUMMARY

The use of land application for effluent disposal is a proven technology in Delaware and is
environmental acceptable. However, a suitable site or group of properties, in reasonable
proximity to the wastewater treatment plant, is not available. This has been documented through

an extensive property search. Thus, land application is not a practical alternative for the City.
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CHAPTER 5

RAPID INFILTRATION BEDS
5.1 DESCRIPTION

Rapid infiltration involves the percolation of treated effluent into the ground water through a soil
bed at a fairly high rate. The basins are typically flooded and then allowed to dry and rest for a
period of time. Thus the rapid infiltration beds (RIBs) rotate in and out of service. The soil that
provides the bed for percolation of the effluent is typically either sand or the natural soils on the
site. A minimal amount of additional treatment is achieved through filtration but the treatment
level is much less than provided by spray irrigation which involves effluent application rates that
are much lower and the use of crops to take up nutrients. Filtration through the soil may remove
some minor amount of BOD and solids. A very minor amount of nitrogen, present as organic
nitrogen in particulate form, may be removed but ammonia and oxidized nitrogen (nitrate) which
are soluble, will pass through to the ground water. Ammonia can be oxidized to nitrate through
the process of nitrification by bacteria present in the soil, if a sufficient amount of oxygen is
present. A picture of a wastewater treatment plant, with RIBs for effluent disposal, is shown in

Figure 5.1.

Rapid Infiltration Basins

—

Figure 5-1: Wastewater Treatment Plant with RIBs
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RIBs are essentially ground water recharge systems and the effluent will mix with the
groundwater in the shallow aquifer. Nutrients in the effluent will therefore travel with the
groundwater and reach any streams or surface water bodies that are recharged by the

groundwater.

5.1.1 Summary of Advantages / Disadvantages

Advantages
« Proven technique for effluent disposal
« Recharges groundwater

« Relatively low impact in terms of amount of land required and cost

Disadvantages
« Potential to contribute nutrients to Inland Bays through contact with surface water
« Potential for local mounding of groundwater

« Use would prevent public access to land

5.2 ENVIRONMENTAL CONSIDERATIONS

5.2.1 Health

The rapid infiltration site would have to be closed to the public, which would eliminate direct
contact with effluent. The effluent is not sprayed; therefore, there is no risk of aerosols
presenting a health hazard to the public. The other source of potential adverse heath affects is
through ground water contamination. The treated effluent will continue to be disinfected and
thus there is little risk of introducing pathogens to the groundwater. Disinfection does not
remove all bacteria and viruses. However, additional removal will be achieved as the water

passes through the rapid infiltration bed and through the soils.
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5.2.2 Surface Water

Surface waters could be indirectly affected as the groundwater carrying the treated effluent
reaches a stream or surface water body. The primary impact would be the potential for the
groundwater to carry additional nitrogen and thus encourage eutrophication in the water column.
This would in fact be in violation of the TMDL requirements for the watershed, which prohibits
the introduction of nitrogen or phosphorus into the Inland Bays from a point source such as the
Rehoboth Beach WWTP.

5.2.3 Groundwater

The treated effluent will percolate through the soil and into the shallow aquifer. As the effluent
passes through the soil, some minimal amount of additional treatment is achieved. The
Rehoboth Beach WWTP provides a higher degree of treatment than is normally provided for
rapid infiltration beds. The standard level of treatment is to meet secondary treatment
requirements. The Rehoboth Beach WWTP provides tertiary treatment, which removes
additional solids, provides biological nitrogen removal and achieves chemical phosphorus
removal. The nitrate concentration in the percolate must not exceed the state drinking water
standard of 10 mg/L. The effluent of the Rehoboth Beach WWTP is typically 6 mg/L Total
Nitrogen of which approximately 4 to 5 mg/L is in the form of nitrate. There are no metals or
hazardous waste in the Rehoboth Beach WWTP effluent.

5.2.4 Land

Soils will be disturbed during construction of the facility which will require excavation and the
compaction of berms to construct the basins. Excavation will be required to the land for the
installation of the distribution piping. However, the disturbances are temporary. Percolation of
the effluent through the soils could result in plugging. However, the basins are sized and

designed to operate intermittently to allow for a drying period. This restores the capacity of the
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bed and extends its useful life. If necessary, the soil could be redeveloped to restore its
permeability.

53  SITE SELECTION

As discussed in Chapter 3, the availability of land suitable for use by the City of Rehoboth Beach
for effluent disposal, is very limited. Ideally, since effluent disposal by RIBs can potentially
form a barrier to salt water intrusion, the site should be located along the coast. The net flow of
groundwater would most likely be toward the ocean and the mounding affect of the effluent
would form a barrier to the continued intrusion of salt water into the superficial aquifers.
However, land along the coast is at a premium and, except for some parkland, it is not available.
Discussions were held with DNREC regarding the possibility of using a portion of the Delaware
Seashore State Park for a rapid infiltration bed system. This would not be a permissible use of
state lands because public access would be prohibited. Restriction of public access violates the

mission of the state parks and in fact is prohibited by deed restrictions.

The land search, described in Chapter 3, identified only one site with limited acreage as a
possible site for either land application or rapid infiltration beds. The property, referred to as the
Glatfelter property, is located approximately 11.5 miles from the Rehoboth Beach WWTP and
would require an effluent pump station and extensive piping to deliver the effluent to the site.
This site is the most realistic option at this point, but based on a preliminary design, would

require several adjacent properties in order to accommodate a RIB system.

5.4 REGULATORY REQUIREMENTS

DNREC does not have formal written guidance or regulations governing the design of Rapid
Infiltration Beds although they are currently under development. The EPA Process Design
Manual “Land Application of Municipal Wastewater” (EPA 625/1-81-013) currently serves as a

source of guidance.
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5.4.1 Wastewater Characteristics

The degree of treatment provided by the existing Rehoboth Beach WWTP exceeds the level that
would typically be required for effluent disposal using rapid infiltration beds. As show in Table
2-2, the plant achieves low levels of BOD and TSS and has the ability to remove nitrogen and
phosphorus to low levels. Thus, the RIBs would be sized hydraulically to minimize land
requirements. However, the RIBs would provide some degree of effluent polishing by removing

additional solids, organics and nutrients.

5.4.2 TMDL Limits

Although the treated effluent still contains relatively low concentrations of nitrogen and
phosphorus and in some cases, a concentration of nitrogen lower than the ambient groundwater
concentration in some locations in Delaware, the project will be subject to a TMDL review. This
review is intended to insure that the project complies with the requirement of the TMDL
previously developed for the Inland Bays that states that there shall be no contribution of
nitrogen or phosphorus from point sources. A nitrogen load calculation and ground water flow
analysis will have to be completed to determine if the RIBs would result in any net increase in
nutrient flow to the Inland Bays or to streams which flow to the Inland Bays. If there is a

contribution of nutrients then the project would not be permitable.

5.4.3 Ground Water Mounding

The wastewater effluent which percolates through the RIB flows initially downward where it
creates a mound of ground water beneath the bed. The mound tends to increase during the
flooding period of operation but then recedes during the resting period of operation. Excessive
mounding can cause several problems. First, mounding can interfere with percolation through
the bed thus reducing the effectiveness of the bed. Secondly, if mounding is significant enough,

it can cause flooding problems in nearby swales, ditches and basements. Analysis of the
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potential for mounding, based on the soil characteristics and ground water flows at the specific
site is required to demonstrate that ground water mounding will not be a problem.

5.4.4 Hydraulic Loading Rate

Soil tests are required to establish the acceptable hydraulic loading rate. Typically infiltration
tests will be conducted. The annual hydraulic loading rate is normally limited to between 4 and

10% for the measured clear water permeability in the soil which is the most restrictive layer.

5.4.5 Site Access

Access to the site should be restricted as the basins flooded with wastewater represent a hazard to
the public. The site access, pumping facilities and rapid infiltration beds should be fenced to

restrict access.

5.4.6 Monitoring Requirements

In order to insure compliance with the permit requirements, various characteristics of the effluent
wastewater, the groundwater, and the soils are monitored. Typical parameters monitored for the
effluent applied to the beds include BOD, TSS, COD, NHz-N, NOs-N, TKN and TP.
Groundwater is monitored by the placement of wells upgradient and downgradient of the RIBs.
Representative samples of the soil are analyzed occasionally to monitor for changes in the soil
chemistry.

9.5 PRELIMINARY DESIGN

5.5.1 Design Criteria

The rate at which water can be applied to a RIB is a function of the permeability of the

underlying soil. Delaware does not provide strict regulations regarding application rate, but
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refers to EPA guidance. Delaware guidance suggests that 120 to 300 acres are needed for every
million gallons per day of discharge. Based on practice, other state programs and EPA guidance,
this policy appears to be extremely conservative. EPA guidance provides recommended
application rates based on a range of percolation test infiltration rates. Table 5-1 summarizes the

application rates and associated land requirement based on percolation rates.

Table 5-1: Application Rates and Land Required for 3.4 MGD
Based on Soil Percolation Rates

Percolation Rate® | Application Rate' | Area Required | Area Required
(min/in) (gpd/sf) (sf) (acres)
<1 Not Suitable - -
1-5 1.2 2,833,333 65
6-15 0.8 4,250,000 98
16-30 0.6 5,666,667 130
31-60 0.45 7,555,556 174
60-120 0.2 17,000,000 390

Note:
1. Data taken from Table 7-2 from the EPA Process Design Manual for On-Site Wastewater
Treatment and Disposal

5.5.2 Facility Design

The majority of the Glatfelter site is comprised of the Evesboro Loamy Sand. The Evesboro is
classified as allowing moderately rapid recharge, that is a recharge of 2 to 6 inches per hour or
the equivalent 10 to 30 minutes per inch. Using the percolation rate, an application rate of 0.6

gpd/sf is a reasonable estimation based on EPA guidance.

Using the above application rate, the effluent hydraulic loading rate will be 29.3 ft/yr. Based on
the Table 5-13 from the EPA Process Design Manual for the Land Treatment of Municipal
Wastewater, Table 5-2 summarizes the application rate, drying rates, and cycle for the RIB

system during winter and summer conditions.
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Table 5-2: RIB Design Parameters for Secondary Effluent

Season Application Time Drying Time Cycle Time
(days) (days) (days)

Summer 3 5 8

Winter 3 10 13

Note:
1. Data taken from Table 5-13 from the EPA Process Design Manual for Land Treatment of
Municipal Wastewater.

It was also assumed that the winter period extends from November to March (151 days) and the
summer period extends from April to October (214 days). Therefore, there will be 12 cycles (151
days/13 days per cycle = 12 cycles) in the winter and 27 cycles (214 days/8 days per cycle = 27
cycles) in the summer for a total of 39 cycles per year. Based on this number of yearly cycles,
the hydraulic loading per cycle will be 0.75 ft (29.3 ft/yr/39 cycles per yr = 0.75 ft/cycle). The
application rate will be 0.25 ft/d (0.75 ft/cycle/3 days per cycle = 0.25 ft/cycle) based on a 3-day
application period.

The application rate can be used to calculate the depth of applied wastewater. Assuming an
infiltration rate of 2 in/hr., the maximum depth of applied wastewater over a 3-day period be
calculated as follows:

Depth of Applied Wastewater = Application Rate (ft/d) — Infiltration Rate
=0.25 ft/d — (2 in/h *1ft/12 in.* 24 h/d) = -3.75 ft

According to EPA Process Design Manual, “Land Treatment of Municipal Wastewater”, a
maximum applied wastewater depth of 12 inches is recommended to minimize clogging and
algal growth. In order to ensure that the recommended applied wastewater is not exceeded, it is
necessary that the infiltration rate be determined as accurately as possible.

Since the number of cycles varies seasonally, the area for the RIB will be calculated for both

summer and winter conditions. The larger of the two areas will control the design. The
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calculations for the required area for summer and winter conditions are shown below.

Additional calculations are summarized in Appendix D.

Winter Period:
Area = (3.4 x 10° gal/d * 151 d)/(0.75 ft/cycle*12 cycles*7.48 gal/cf*43560 sf/acre)
= 175 acres

Summer Period:
Area = (3.4 x 10° gal/d * 214 d)/(0.75 ft/cycle*27 cycles*7.48 gal/cf*43560 sf/acre)
=110 acres

The winter period would control the design. The required area for the RIB is 175 acres.

It should be noted that this land requirement does not include lands required for buffers, berms,
reserve capacity and ancillary facilities. As discussed in Chapter 3, the Glatfelter property and
surrounding properties are to be used for the preliminary design and for determination of the cost

estimate. Figure 5-2 shows the possible site location for the RIB system.

Based on the Table 5-14 in the EPA Process Design Manual for the Land Treatment of
Municipal Wastewater, a minimum of 3-5 beds are required for the RIB system. The manual also
recommends the RIB be sized between 5 — 20 acres for a larger treatment system such as the
Rehoboth Beach WWTP. Assuming a minimum of 16 beds is used for the RIB system, each bed
will be approximately 10.9 acres. A preliminary layout of the RIB is shown in Figure 5-3. In
order to construct the RIB effluent disposal system, approximately 300 acres would have to be

purchased.

As with the spray irrigation system, a holding pond for storage and flow equalization would be
provided with the RIB system. A storage volume 123 MG which equates to 36 days of effluent

at average daily flow was used for the preliminary design.
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5.6 POTENTIAL ISSUES

Groundwater Flow Direction and Nutrient Fate: The Glatfelter site is in the Rehoboth Bay
Watershed. Groundwater flows toward the coast both directly and indirectly by discharging into
Love Creek or Herring Creek. These streams would likely receive the greatest portion of the
recharged ground water. Transported nitrogen and, to some extent, attenuated phosphorous
would likely enter these water bodies. Significant dilution would occur as a result of the limited
volume of effluent that enters the groundwater flow system. However, nitrogen is generally
conservative in the subsurface and the mass of nitrogen discharged at the WWTP would likely be
transported to the streams.

Groundwater Modeling: Groundwater modeling has been suggested as a possible tool for more

precisely defining the fate and migration of treated wastewater and its constituents. Although
modeling does have the potential to better define flow patterns, the basic conclusion that the
groundwater discharges to proximal surface water bodies with the associated potential for
nutrients to be discharged to those water bodies does not change. As stated above, nitrogen is
considered to be generally conservative in the subsurface so the potential exists for the majority
of nitrogen discharged to enter the surface water system. Groundwater modeling could also
provide insight into travel time for the flow from a discharge site to the surface water. Given the
approximate water table gradient and aquifer hydraulic conductivity, a flow rate of
approximately 1 foot per day is a reasonable estimate. The nearest surface water is

approximately 6,000 feet from the site, indicating that the travel time would be many years.

The wastewater treatment plant can produce an effluent total nitrogen of approximately 6 mg/L
but could be upgraded to achieve and effluent nitrogen level of between 3 — 5 mg/L. At an
effluent total nitrogen concentration of 5 mg/L and an average daily flow of 3.4 MGD,
approximately 142 pounds of total nitrogen per day would be released to into the watershed and
receiving water. However, it should be noted that many wells in agricultural areas currently

have higher levels of nitrogen (in the form of nitrates).
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Depth to Water and Groundwater Mounding: Groundwater in the area of the site is found at a

depth of approximately 10 feet based on data from wells in the area. Considering just the current
average annual flow rate, applying 2.3 MGD of recharged water to the site will result in the
mounding of the water table as a function of the actual rate of recharge and the hydraulic
conductivity of the underlying receiving formation. Using a published transmissivity value of
10,000 ft*/day and an average thickness of 100 feet for the Columbia aquifer, a hydraulic
conductivity of 100 feet/day can be estimated. If 2.3 MGD is applied over a 90 acre area, a
mound of approximately 9.0 feet has the potential to form. The mounding calculation was
completed using an analytical calculator referred to as the Hantaxis Model. If basements or
septic systems are located in the vicinity of the discharge facility, the potential exists for those
structures to be flooded as a result of mounding. Site specific data regarding hydraulic
conductivity, depth to water and proximity of potential receptors would be required to verify this
potential impact. The mounding will become worse at the maximum month design flow of 3.4

mgd.

Impact on Wells: Information regarding private drinking water supply wells in the area of the

proposed RIB application site was requested from DNREC. The information provided by the
state indicates that there are approximately 205 wells in the general vicinity of the site. The
wells down gradient from the RIBS could potentially be impacted by the application of the

treated effluent.

5.7  COSTS

A summary of the engineering estimate of probable construction cost for the RIB is presented in

Table 5-3. Appendix D contains more details on the probable cost estimate.
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Table 5-3: Estimate of Probable Construction Cost for the Rehoboth Beach WWTP
Rapid Infiltration Bed Alternative

Description Cost

Rehoboth Beach WWTP Effluent Pump Station $1,000,000

Force Main to Holding Pond $15,500,000

Rapid Infiltration Bed System $18,900,000

Land Purchase Price®™ $7,350,000

Construction Cost (Year 2005 Dollars)® $42,750,000

Engineering, Construction Inspecti