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PUBLIC HEARINGS
H. ITEM 1.

D
/;/reva rd
AGENDA REPORT
August 14, 2018

Public Hearing to Consider Approval of Resolution for Adoption of State Revolving Loan Fund
(SRF) #WW05113 Wastewater Facility Plan for the Riverside Drive Force Main Replacement project
required by the FDEP

SUBJECT:

Public Hearing to Consider Approval of Resolution for Adoption of State Revolving Loan Fund (SRF) #W\W05113
Wastewater Facility Plan for the Riverside Drive Force Main Replacement project required by the Florida Department of
Environmental Protection. (District 5)

FISCAL IMPACT:
$7,835,040

DEPT/OFFICE:
Utility Services

REQUESTED ACTION:

Itis requested that the Board of County Commissioners conduct a public hearing for approval of a resolution adopting
State Revolving Fund #WW05113 Wastewater Facility Plan for the Riverside Drive Force Main Replacement project.

SUMMARY EXPLANATION and BACKGROUND:

The Riverside Force Main Replacement Project starts at Eau Gallie Boulevard and runs south along Riverside Drive to
Oakland Avenue, for a distance of approximately 3.3 miles. The force main section is in need of replacement. This
project will also add surge tanks at the B-19 and B-20 lift stations to further protect the system from pressure spikes
and negative pressures. The project is included in the Utility Services adopted Capital improvements Program.

The proposed force main replacement and surge tanks installation are necessary to eliminate sections of defective pipe
which have been prone to failure over the last several years, and to eliminate sanitary sewer overflows which have
occurred with prolonged rain events. The Florida Department of Environmental Protection (FDEP) issued a Consent
Order in November 2016 which required Brevard County to identify the causes of sanitary sewer discharges and put a
plan into place to address the discharge issues. This work plan meets the FDEP requirements.

The Utility Services Department has contracted HDR, Inc. Consulting Engineers to design the project and assist
with the process of obtaining funding from the Florida Department of Environmental Protection managed Clean
Water State Revolving Fund Program. This funding option affords the Department the opportunity to secure lower
interest rates and substantial savings in the financing of the facility improvements and expansion. Recent SRF
loans approved by the State have been financed at a rate of less than | .5% compared with 3% to 4% for traditional
bond financing.

Fiscal Impact: This project is expected to cost approximately $7,900,000 and is part of the department’s Capital
Improvements Program. The project will be budgeted in fund 4163, cost center 365391 when the SRF loan is
approved.

Contact: Jim Helmer, Utility Services Director, 321-633-2091, jim.helmer@brevardfl.gov

https://brevardfl.novusagenda.com/AgendaWeb/ CoverSheet.aspx?ItemID=1457 7/31/2018
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CLERK TO THE BOARD INSTRUCTIONS:

ATTACHMENTS:
Description
o Resolution: Riverside Force Main
D Riverside Drive Forcemein Replacement Facility Plan

REVIEWERS:
Department Reviewer
Utility Services Helmer, Jim

https ://brevardfl.novusagenda.com/AgendaWeb/CoverSheet.aspx?ItemID=1457 7/31/2018



BOARD OF COUNTY COMMISSIONERS

BFIEVAFIé:an?

FLORIDA’'S SPACE COAST

Tammy Rowe, Clerk to the Board, 400 South Street » P.O. Box 999, Titusville, Florida 32781-0999 Telephone: (321) 637-2001
Fax: (321) 264-6972
Tammy.Rowe@brevardclerk.us

August 15, 2018

MEMORANDUM
TO:  Jim Helmer, Utility Services Director

RE: ltem H.1., Resolution for Adoption of State Revolving Fund (SRF) Fund
#WWO05113 Wastewater Facility Plan for the Riverside Drive Force Main
Replacement Project Required by Florida Department of Environmental
Protection (FDEP)

The Board of County Commissioners, in regular session on August 14, 2018, conducted
a public hearing and adopted Resolution No. 18-105, adopting the State Revolving
Fund (SRF) Fund #WWO05113 Wastewater Facility Plan for the Riverside Drive Force
Main Replacement Project required by Florida Department of Environmental Protection
(FDEP). The public hearing process was used to explain the Project and present the
financial impacts to the public. The Board unanimously approved the Resolution and
there were no speakers or opposition to the Item. Enclosed is fully-executed and two
certified copies of the Resolution for your action.

Your continued cooperation is greatly appreciated.
Sincerely yours,

BOARD OF COUNTY COMMISSIONERS
SCOTT ELLIS, CLERK

\'i‘f&.mmg Rerse
Tammy Rowe, Deputy Clerk
/ds

Encls. (3)

CC: Finance
Budget

PRINTED ON RECYCLED PAPER



RESOLUTION NO.2018-105
A RESOLUTION OF THE BOARD OF COUNTY
COMMISSIONERS OF BREYARD COUNTY, FLORIDA,
APPROVING THE WASTEWATER FACILITY PLAN (2018)
AS REQUIRED BY THE FLORIDA DEPARTMENT OF

ENVIRONMENTAL PROTECTION STATE REVOLVING
FUND PROGRAM AND PROVIDING FOR AN EFFECTIVE

DATE.

WHEREAS, local government agencies are allowed under the general laws of Florida to
apply for public loans though the State of Florida in order to finance the construction of
wastewater treatment facility expansion and improvements, and

WHEREAS, the administrative regulations of the Florida Department of Environmental
Protection ("FDEP"), the state agency that oversees the State Revolving Fund Program, requires
the Board of County Commissioners, as the local governing body of Brevard County, to formally
approve a Wastewater Facility Plan describing the Riverside Drive Force Main Replacement
project in order to comply with the funding requirements of the State of Florida;and

WHEREAS, formal approval of a Wastewater Facility Plan is required in order for
Brevard County to participate in the State Revolving Fund Program;and

WHEREAS, the Florida Department of Environmental Protection requires a public
hearing in conjunction with the adoption of the Wastewater Facility Plan;

WHEREAS, the Board of County Commissioners of Brevard County has held such
public hearing on August 14,2018;and

WHEREAS, there does not appear to be significant public objection to the Plan as

presented at the public hearing; and



WHEREAS, the Board of County Commissioners of Brevard County, Florida, desires to
formally approve the Wastewater Facility Plan (2018), a copy being attached hereto and
incorporated herein by reference, and desires to make certain improvements to its wastewater
system as more fuily described in the said plan, and

WHEREAS, the Board of County Commissioners concurs with the findings and
summary of necessary improvements that are described in the Facility Plan for the purpose of
wastewater system improvements.

NOW, THEREFORE, BEIT RESOLVED BY THE BOARD OF COUNTY

COMMISSIONERS OF BREVARD COUNTY, FLORIDA, THAT:

Section 1. The foregoing recitals are incorporated herein by reference.

Section 2. The Board of Commissioners of the Brevard County, Florida, is authorized to
approve, and does hereby approve, the Wastewater Facility Plan (2018), a copy being attached
hereto and incorporated herein by reference. The said Facility Plan is approved pursuant to the
State Revolving Fund Program for the purpose of making various improvements to the County's
wastewater facilities. A copy of the County's Facility Plan shall be maintained by the County
Clerk.

Section 3. The County Manager is hereby authorized and directed to execute the said
Facility Plan, including any and all papers and documents necessary and incidental thereto.

Section 4. The County Manager is further designated to be the County's representative
who is authorized to provide the assurance and commitments that will be required by the said
Facility Plan; and to represent the County in carrying out the County's responsibilities under the

said Facility Plan, including the authority to delegate responsibility to appropriate County staff



members to carry out the various technical, financial, and administrative activities associated with
implementing the said Facility Plan.
Section 5. All Resolutions or part of Resolutions in conflict with any of the provisions of
this Resolution are hereby repealed to the extent of such conflict. If any section or portion of a
section of this Resolution proves to be invalid, unlawful, or unconstitutional, it shall not be held
to invalidate or impair the validity, force, or effect or any other section or part of this Resolution.
Section 6. This Resolution is PASSED AND ADOPTED in Regular Session, this 14th

day of August, 2018.

ATTEST: BOARD OF COUNTY COMMISSIONERS
OF BREVARD COUNTY, FLORIDA

Scott Ellis, Clerk Rita Pritchett, Chair
Brevard County Commission

(As approved by the Board on August 14,2018)



RESOLUTION NO. 2018-

A RESOLUTION OF THE BOARD OF COUNTY
COMMISSIONERS OF BREVARD COUNTY, FLORIDA,
APPROVING THE WASTEWATER FACILITY PLAN (2018)
AS REQUIRED BY THE FLORIDA DEPARTMENT OF
ENVIRONMENTAL PROTECTION STATE REVOLVING
FUND PROGRAM AND PROVIDING FOR AN EFFECTIVE
DATE.

WHEREAS, local government agencies are allowed under the general laws of Florida to
apply for public loans though the State of Florida in order to finance the construction of
wastewater treatment facility expansion and improvements, and

WHEREAS, the administrative regulations of the Florida Department of Environmental
Protection ("FDEP"), the state agency that oversees the State Revolving Fund Program, requires
the Board of County Commissioners, as the local governing body of Brevard County, to formally
approve a Wastewater Facility Plan describing the Riverside Drive Force Main Replacement
project in order to comply with the funding requirements of the State of Florida;and

WHEREAS, formal approval of a Wastewater Facility Plan is required in order for
Brevard County to participate in the State Revolving Fund Program; and

WHEREAS, the Florida Department of Environmental Protection requires a public
hearing in conjunction with the adoption of the Wastewater Facility Plan;

WHEREAS, the Board of County Commissioners of Brevard County has held such
public hearing on August 14,2018;and

WHEREAS, there does not appear to be significant public objection to the Plan as

presented at the public hearing; and



WHEREAS, the Board of County Commissioners of Brevard County, Florida, desires to
formally approve the Wastewater Facility Plan (2018), a copy being attached hereto and
incorporated herein by reference, and desires to make certain improvements to its wastewater
system as more fully described in the said plan, and

WHEREAS, the Board of County Commissioners concurs with the findings and
sumimary of necessary improvements that are described in the Facility Plan for the purpose of
wastewater system improvements.

NOW, THEREFORE, BEIT RESOLVED BY THE BOARD OF COUNTY

COMMISSIONERS OF BREVARD COUNTY, FLORIDA, THAT:

Section 1. The foregoing recitals are incorporated herein by reference.

Section 2. The Board of Commissioners of the Brevard County, Florida, is authorized to
approve, and doecs hereby approve, the Wastewater Facility Plan (2018), a copy being attached
hereto and incorporated herein by reference. The said Facility Plan is approved pursuant to the
State Revolving Fund Program for the purpose of making various improvements to the County's
wastewater facilities. A copy of the County's Facility Plan shall be maintained by the County
Clerk.

Section 3. The County Manager is hereby authorized and directed to execute the said
Facility Plan, including any and all papers and documents necessary and incidental thereto.

Section 4. The County Manager is further designated to be the County's representative
who is authorized to provide the assurance and commitments that will be required by the said
Facility Plan; and to represent the County in carrying out the County's responsibilities under the

said Facility Plan, including the authority to delegate responsibility to appropriate County staff
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1 Executive Summary

The Brevard County Utility Services Department (USD) provides wastewater service to both
residential and commercial customers throughout the County’s service area. The existing
Riverside Drive force main includes approximately three miles of the county’s primary

transmission main to the South Beaches Regional Wastewater Treatment Plant.

The proposed force main replacement project is needed to eliminate the repeated force main
breaks that have been occurring along this stretch of pipeline and to satisfy the current Florida
Department of Environmental Protection (FDEP) consent order that has been issued against the

county for these pipe breaks.

The force main replacement project will allow the county to resolve critical failures within their
sewer transmission system and continue to provide reliable wastewater collection and treatment

to the county’s service area.

This document demonstrates that the construction and operation of the proposed improvements
are in the public interest and will not cause adverse health and environmental impacts.
Terrestrial and aquatic communities will not be negatively affected. Threatened or endangered
species will be unaffected. This project will not impact any known archeologically sensitive
areas. Construction for the new force main will be limited to FDOT and county right-of-way, and
will follow the existing force main alignment to minimize any additional conflicts. Furthermore,

there are no environmental justice concerns with this project.

The County is familiar with the requirements of the State Revolving Fund (SRF) Program, and
has previously gone through the SRF process. They understand the program requirements and

will fully comply with the planning and design submittal guidelines.



1.1 Project Description and Location

The County’s South Beaches Force Main System consists of roughly 13 miles of 20" and 24’
force main that provides collection and transmission from over forty lift stations throughout the
South Patrick Shores and Melbourne area, and ultimately terminates at the South Beaches
Regional Wastewater Treatment Plant. The force main system is comprised of a combination of
ductile iron and polyvinyl-chloride (PVC) pipe. The two sections of PVC force main within this
pipe system have been identified as needing replacement. The first segment of PVC force main
replacement (1.0 mile long) is from DeSoto Parkway to Banana River Drive and is currently
being replaced, with construction expected to be complete by June of 2018. The second area of
force main replacement (3.3 miles long) will be the focus of this facility plan and is referred to as
the Riverside Drive Force Main replacement project. The Riverside Drive force main segment
provides service to roughly 44,000 residential and commercial customers throughout the area.
Figures 1-1 and 1-2 depict the overall location of the project, the existing system limits, and the

proposed project iayout.

The Riverside Drive Force Main Replacement project starts at Eau Gallie Boulevard and runs
south along Riverside Drive all the way to the intersection of Oakland Avenue. The project will
include the installation of roughly 3.3 miles of new ductile iron force main, isolation valves, air
release valves, pipe fittings, reconnection of existing lift stations within the project area, and the

removal/abandonment of the existing 24" PVC force main.
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1.2 Justification for Project
The force main replacement project discussed within this document is needed for the following

reasons listed below.

e To resolve the recurring pipe breaks in the existing force main
* To eliminate the resultant sewage spills related to pipe failures

* To satisfy the current FDEP consent order against the Brevard County USD

1.21 Force Main Breaks and Failures
The South Beaches Force Main System has experienced a significant number of pipe failures

over the last few years. The force main failures documented have all been concentrated in the
areas where the pipe material is PVC. Various studies have been done on these sections of
piping to determine the cause of the pipe failures. Table 1-1 shows a summary of the pipe
failure by type that have occurred to date. The findings from the studies that have been done
show that the pipeline was not installed properly due to over deflection of the joints, a lack of
pipe restraints, and improper compaction of pipe backfill. In addition, a surge analysis study
showed both negative system pressures and pressure surges in the system that would cause
weak points in the system to fail. Due to the number of pipe failures and the findings from the
force main studies, the complete replacement of the remaining PVC pipe from Eau Gallie Blvd
to Oakland Avenue is recommended. Figures 1-3 and 1-4 show the pipe failure locations within

the limits of the Riverside Drive Force Main Replacement project.

Table 1-1: South Beaches Force Main Failures by Type

Type of Break Occurrences
Bell Split 10
Leak 11
Joint Separation 2

Other 3




Figure 1-4: Force Main Breaks: Paradise Bivd to Oakland Avenue



1.2.2 Eliminate Sanitary Sewer Spills
The South Beaches Force Main system parallels thirteen miles along the Indian River Lagoon.

The Indian River Lagoon is classified under the Florida Administrative Code (FAC) 62-302.700
as an Outstanding Florida Water (OFW) and the Brevard County USD is committed to affording
the highest level of protection. Due to the proximity of this force main route to the Indian River
Lagoon, any pipe failures resulting in a sanitary sewer overflow (SSO) would pose a direct
impact to the lagoon. In addition to the close proximity to the lagoon, the force main system
crosses multiple canals and navigable waterways that are directly connected to the Indian River
Lagoon. Any pipe failures at these water crossings would result in a direct sewage discharge
into the lagoon. By replacing the last section PVC force Main in the system along Riverside
Drive, the USD would be able to greatly reduce the risk of future SSO's in the South Beaches

area.

1.2.3 Satisfy FDEP Consent Order
In November 2016, the Florida Department of Environmental Protection issued a Consent Order

related to sewage spills resulting from these force main breaks, which can be found in
Appendix A. Included in the Consent Order is the requirement that Brevard County USD
conduct a study to determine the cause of the failures within the force main system, and put a
plan into place to address the issues. The USD completed a force main system study
(Appendix B) and a surge analysis study (Appendix C), and as a result of the
recommendations from these studies the USD determined that the defective pipeline should be
replaced. Therefore, to satisfy the current FDEP consent order, the County is required to
replace the defective pipe sections as per the recommendations of the South Beaches Force
Main Study.

2 Alternatives Comparison

2.1 Force Main Replacement Alternatives
Due to the frequent pipe failures that have occurred over the last few years, the potential public

and environmental risks due to SSO'’s, and the current FDEP consent order against the county,
it is evident that action must be taken to address this issue. The following alternatives are

evaluated herein:

e Point Repair Existing 24" PVC Force Main
o Complete Replacement with 24” Ductile Iron (DI) Force Main

e Complete Replacement with 30” Ductile Iron (DI) Force Main with Surge Tanks



A comparison of alternatives is based on project cost, system reliability, environmental impact,
and future capacity/life. Each of the alternatives are evaluated and ranked form lowest to
highest, 1 to 3. The points are totaled and the highest point total is the recommended

alternative.

Lowest cost projects have the highest ranking. The maost reliable options and the options with
least environmental impacts also receive priority ranking. Finally, those options with the most

benefits for future lifespan/capacity receive the highest ranking.

2.1.1 Point Repair Existing 24” PVC Force Main
The first alternative is that Brevard County USD can elect to leave the existing 24" PVC force

main in place, and perform point repairs based on suspected problems within the system. This
option would require the County to develop a list of repairs and improvements based on past
pipe failure patterns, information provided from previous system evaluations/studies, and based
on additional exploratory efforts. Improvements would inciude instailing joint restraints on the
existing force main, replacing pipe segments in areas with multiple failures, replacing pipe
segments with excessive joint deflection or settlement, and replacing the segment of pipe under
the canal. The primary benefits of this alternative is lower construction costs, and less
impact/disruption due to limited pipe replacement. In Table 2-1, the conceptual cost estimate
for this aiternative is roughly $2.1 miilion. There are several significant disadvantages to this
option, which include poor reliability, continued risk to the public/environment, unaddressed
system pressure issues, and limited long term lifespan. Since the feasibility of locating and
repairing every weak point in this system is not practical, the assumption would have to be
made the pipe failures will continue to occur periodicaily into the foreseeable future. An
assumption of two breaks per year, for a period of ten years, was made for the purposes of the
cost estimate. In addition each pipe failure that occurs poses a potential risk to both the public
health and the surrounding environment, including the Indian River Lagoon. Finally, the long-
term lifespan of a pipe system that has been patched in multiple places is not sustainable, and

the system would eventually need to be replaced.



Table 2-1: Conceptual Cost Estimate-Point Repair Existing 24" Force Main

TTEM . T R T S S VIV ¥ N e i e S D SN AR S g e (]
1 Mobilization/Demobilization/General Conditions for Infrastructure Imponements 1 LS 530,000.00 $30,000
2 Maintenance of Traffic 1 LS $30,000.00 $30.000
3 Bonds and Insurance Requirements 1 LS $5,000.00 $5,000
4 Force Main Locating Senices 1 LS $10,000.00 $10.000
5 Professional Videotaping of Site Conditions (Pre/Post Construction) 1 LS $5,000.00 $5,000
6 Contingency {20% of ltem 2-General Sitework Subtotal) $339,950
| SUBTOTAL $419,950
B ; el T o7 I e 3 N A AP
7 Remowe/Replace 24" PVC Force Main 2655 LF $150.00 $398,250
8 Post Restrain 24" PVC Force Main 100 EA $800.00 $80.000
9 Replace 24" Canal Crossing (HDD) 1 LS $86,000.00 $85,000
10 Utility Fitting - Ductile lron Elbow - 24" 15 EA $7,000.00 $105,000
1 Point Repairs (2 per year, for 10 Years) 20 EA $40,000.00 $800,000
12 Remowe and Replace Concrete Sidewalk 1000 SF $25.00 $25,000
13 Base and Asphalt Trench Repair 800 SY $50.00 $40.000
14 Asphait Milling & Oveday 1000 sSY $15.00 $15,000
15 Remowe and Replace Concrete Driveway Apron 500 SY $60.00 $30,000
16 Pawement Striping 1 LS $5,000.00 $5,000
17 Removwe and replace Unsuitable Materials 300 CcY $30.00 $9.000
18 Seeding 2500 SY $2.00 $5,000
19 Sodding 2500 SY £5.00 $12,500
20 Landscaping 1 LS $10,000.00 $10,000
21 Pressure Testing 1 LS $5,000.00 $5,000
22 Density Testing 1 LS $25,000.00 $25,000
23 Dewatering 1 LS $50,000.00 $50,000
CONSTRUCTION SUBTOTAL| $1,699,750
TOTAL ESTIMATED COST| $2,719,700
*Assume 15% of Existing 24" Force Main Needs Replacement. LOW (-15%) $1,801,745
*Assume (2) Point Repairs Required per Year, for 10 Year Period. HIGH (+20%) $2,543,640

2.1.2 Complete Replacement: 24” Ductile Iron Force Main
The second alternative evaluated for this facility plan is the complete replacement of the existing

24’ PVC force main with a new 24" ductile iron force main. The primary benefit of this
alternative is that all remaining PVC pipe within the South Beaches Force Main system would
be replaced with ductile iron. Replacement of the existing 24" PVC force main would eliminate
all issues identified in the previous study with regard to improper pipe installation, joint
restraints, and compaction. The ductile iron force main would provide a much higher level of
protection against future breaks, and therefore remove the public health/environmental impacts.
In addition, this alternative wouid likely extend the life of the pipe system for the next 50+ years,
conservatively. The disadvantages of this alternative include construction cost, site construction
impacts, and unaddressed issues with pressures in the system. The conceptual cost estimate
for this alternative is $6.3 million, as seen in Table 2-2, is more expensive that the point repair
alternative due to the extent of construction required to replace the entire 3.3 miles of pipeline.
The replacement of the entire pipeline would also have more of a construction impact to the
community and local residents. Another drawback to this alternative is that it does not address
the negative system pressures and pressure surges that were identified in the surge analysis

study, and this would require additional action to be taken in the future.



Table 2-2: Conceptual Cost Estimate- 24" Force Main Replacement

EM 1- GENERAL REQ TN I e I B [EY i

s | $50,00000 $50,000

1 MoblIlzatlonIDemnblllza!loaneneral Conditions fur Infrastructure Impuwemenls 1
2 |Maintenance of Traflic 1 LS $30,000.00 $30,000
3 Bonds and Insurance Requirements 1 LS $5,000.00 $5,000
4 Suney Layout & Record Drawings 1 LS $30,000.00 $30,000
5 Professional Videotaping of Site Conditions (Pre/Post Construction) 1 LS $5,000.00 $5.000
6 Contingency {20% of ltem 2-General Sitework Subtotal) $1,032,840
| SUBTOTAL $1,152,840
R R S v i i son ARSI e DRl DG O ARy Al |- s STl e ]
7 Ullllty Pipe - 24" Ductile Iron Force Main 17700 LF $200.00 $3 540 000
8 Utility Fitting - Ductile lron Elbow - 24" 35 EA $7,000.00 $245,000
9 Utility Fixture - Valve Assembly - 24" 8 EA $32.000.00 $256,000
10 Utility Fixture - Tapping Sleewe/Valve - 24" 2 EA $48,000.00 $96,000
11 Utility Fixture - 2" Air Release Valve 6 EA $6,000.00 $36,000
12 24" HDD Canal Crossing 1 EA $85,000.00 $85,000
13 Remowe and Replace Concrete Sidewalk 15000 SF $25.00 $375,000
14 Base and Asphalt Trench Repair 800 SY $50.00 $40.000
15 Asphait Milling & Owerfay 1000 SY $15.00 $15,000
16 Remowe and Replace Concrete Driveway Apron 860 SY $60.00 $51,600
17 Pavement Striping 1 LS $10,000.00 $10,000
18 Flowable Fill 24" Force Main 17700 LF $8.00 $141,600
19 Removwe and replace Unsuitable Materials 1000 CcY $30.00 $30,000
20 Seeding 4000 SY $2.00 $8,000
21 Sodding 7000 SY $5.00 $35,000
22 Landscaping 1 LS $20,000.00 $20,000
23 Density Testing 1 LS $25,000.00 $25,000
24 Pressure Testing 1 LS $5,000.00 $5,000
25 Dewatering 1 LS $150.000.00 $150,000
CONSTRUCTION SUBTOTAL | $5,164,200
TOTAL ESTIMATED COST| $6,217,040
LOW (-15%) $5,369,484
HIGH (+20%) $7,580,448

2.1.3 Complete Replacement: 30” Ductile Iron Force Main with Surge Tanks
The third alternative considered is the complete replacement of the existing 24" PVC force main

with a new 30" ductile iron force main, and the installation of pressure surge tanks at strategic
locations. Like the previous alternative, the benefit of this option is that all remaining PVC pipe
within the South Beaches Force Main system would be replaced with ductile iron, and this would
eliminate all issues identified in the previous study with regard to improper pipe installation, joint
restraints, and compaction. The ductile iron force main would provide a much higher level of
protection against future breaks, and therefore remove the public health/environmental impacts.
This alternative would also extend the life of the pipe system for the next 50+ years,
conservatively. An additional benefit of using 30" DI pipe is that this would help alleviate the
high pressures seen in the existing force main system. Based on the force may study that was
done, upsizing the Riverside Drive Force Main to 30" would lower system pressures, reduce the
total dynamic head seen by the pump stations, and ultimately provide added insurance against
future pipe failures. Finally, this alternative would provide a solution for excessive pressure
fluctuations within the force main system by utilizing pressure surge tanks. Based on the surge
analysis report in Appendix C, surge tanks are recommended at the existing B-19 and B-20 lift
stations to protect the system from both pressure spikes and negative pressures. The

disadvantages of this alternative include construction cost and site construction impacts. The



conceptual cost estimate for this alternative is $7.8 million, as seen in Table 2-3, is more

expensive that both the point repair alternative and the 24” pipe replacement alternative.

Table 2-3: Conceptual Cost Estimate-30" Force Main Replacement with Surge Tanks

1 MublllzatlonlDemoblllzatlonIGeneral Condmons for Infras!ructure Impowements 1 LS $50,000.00 $50,000
2 Maintenance of Traffic 1 LS $30,000.00 $30,000
3 Bonds and Insurance Requirements 1 LS $5,000.00 $5,000
4 Suney Layout & Record Drawings 1 LS $30,000.00 $30,000
5 Professional Videotaping of Sile Canditions (Pre/Post Construction) 1 LS $5,000.00 $5,000
[ Cantingency (20% of ltem 2-General Sitework Subtolal) $1,285,840
SUBTOTAL $1,405,840
ITEM2-G . SITEW| _ I v [ v ) RS M T T G L Y TG RO e p S ol e
7 Utility Pipe - 30" Ductile Iron Force Main 17700 LF $250.00 $4,425,000
8 Utility Fitting - Ductile Iron Elbow - 30" 35 EA $8,000.00 $280,000
9 Utility Fixture - Valve Assembly - 30" 8 EA $40,000.00 $320,000
10 Utility Fixture - Tapping Sleewe/Valve - 30" 2 EA $56,000.00 $112,000
11 Ulility Fixture - 2" Air Release Valve 6 EA $6,000.00 $36,000
12 30" HDD Canal Crossing 1 EA $100,000.00 $100,000
13 |Eorca Main Surge Tank with Piping 2 EA $125,000.00 $250,000
14 Remowe and Replace C le Sidewalk 15000 SF $25.00 $375,000
15 Base and Asphalt Trench Repair 800 SY $50.00 $40,000
16 Asphalt Milling & Overlay 1000 SY $15.00 $15,000
17 Remowe and Replace Concrete Driveway Apron 860 SY $60.00 $51,600
18 Pavement Striping 1 LS $10,000.00 $10,000
19 Flowable Fill 24" Force Main 17700 LF $8.00 $141,600
20 Remowe and replace Unsuitable Materials 1000 CcY $30.00 $30.000
21 Seeding 4000 SY $2.00 $8,000
22 Sodding 7000 SY $5.00 $35,000
23 Landscaping 1 LS $20,000.00 $20,000
24 Density Tesling 1 LS $25,000.00 $25,000
25 Pressure Testing 1 LS $5,000.00 $5,000
26 D ing 1 LS $150,000.00 $150,000
CONSTRUCTION SUBTOTAL| $6,429,200
TOTAL ESTIMATED COST| 37,835,040
LOW (-15%) $6,659,784
HIGH (+20%) $9,402,048

2.1.4 Conclusions

This evaluation includes a comparison between three different alternatives including point
repairing the existing 24" PVC force main, replacing the existing 24" PVC force main with a 24”
ductile iron force main, and replacing the existing 24" PVC force main with a 30” ductile iron
force main and surge tanks. Additional evaluation criteria are listed below.

Alternative #1 — Point Repair 24” PVC Force Main

Advantages
« Lower construction cost

e Least amount of impact to community
Disadvantages

e |ow reliability

e Future pipe failures likely

e Continued SSO risk to public and environment
o Doesn't address pressure issues in force main

Alternative #2 — 24” Ductile Iron Force Main Replacement
Advantages

e Resolves issue with improper PVC pipe installation

e Reduces risk of future pipe failures

e Extends the future lifespan of force main system



Disadvantages
e Higher Construction Cost

e Greater construction impact to community

e Doesn't address high pressures in force main

Alternative #3 — 30” Ductile Iron Force Main Replacement with Surge Tanks

Advantages

e Resolves issue with improper PVC pipe installation
* Resolves the issue of both high and negative pressures in the pipe system
e Greatly reduces risk of future pipe failures
e Extends the future lifespan of force main system

Disadvantages

e Higher Construction Cost
o Greater construction impact

A tabular listing of evaluation criteria for each alternative to address the Riverside Drive Force

Main failures is listed below in Table 2-4.

Table 2-4: Alternatives Evaluation Criteria

___Evaluation Criteria_

N Al ) *Project System Environmental Future ! Total
0 ternative Cost Reliability Impact | Capacity/Life | 1°

1 |Point Repair Existing 24" PVC Force Main

3

1

1

1

2 |Replacement: 24" DI Force Main

2

2

2

2

10

3 |Replacement: 30" DI Force Main w/Surge Tanks 1

3

3

3

11

*Cost Factor Multiplied by 2.0

Based on the evaluation contained herein, Alternative #3, the replacement of the existing 24"

force main with a new 30" DI force main and surge tanks is recommended as the preferred

option.

3 Environmental Effects

3.1 Physiography

3.1.1 Physiographic Regions

Brevard County has three major physiographic regions: the Atiantic Coastal Ridge/Coastal

Zone, the St. Johns Valley, and the Barrier Islands. The project alternatives in this facility plan

fall within the Barrier Islands region. The Barrier Island is separated from the Brevard County

mainland by the Indian River and is bordered on the east by the Atlantic Ocean. Merritt Island

varies in width from less than one mile to about ten miles. The Barrier Islands range in

elevation from sea level to about twenty feet.



3.1.2 Soils
The soils survey prepared by the United States Department of Agriculture (USDA) National

Resource Conservation Service (NRCS) shows one primary soil associations with four other
minor soil associations in the project area. The primary soil classification according to the
NRCS soil survey is 71.9% Welaka Sand. The entire soil survey with soil classifications can be

found in Appendix D.

3.1.3 Water Resources
The Indian River is a major surface water body, which separates the Brevard County mainland

from Merritt Island that can be described as a series of shallow poorly flushed, brackish
lagoons, separated by manmade barriers in the form of causeways. The river system contains
both Class Il and Class lll waters, as currently classified by the Florida Department of
Environmental Protection. The Indian River was given additional protection by legislative act.
The river has historically been a very productive estuarine system. Pollution loads cannot be
readily assimilated by the river system. This is generally due to the poor water circulation within
the system caused by indiscriminate dredging, filling, and bulk heading. The lack of assimilative

capacity has resulted in increased stress to the system.

3.1.4 Floodplains
The Federal Emergency Management Agency (FEMA) has established flood plains throughout

the country and maintains their Flood Insurance Rate Maps (FIRMs). The force main alignment
being evaluated in this facility plan is graphically represented in Figure 3-1. These maps have
been reviewed in conjunction with the project alternatives identified in this Facility Plan. There

are no detrimental effects to flood plain development resulting from projects in this plan.



Figure 3-1: FEMA Flood Zones Map

3.1.5 Historic or Archeological Site
Brevard County is planning to repair and/or replace the existing 24" force main along Riverside

Drive within the existing boundaries of the current force main limits. There are no known

archeological or historic sites that will be affected by the project proposed in this plan.

3.1.6 W.ildlife and Endangered Species
There are several mammals, birds, reptiles, fish, and plants listed as threatened, endangered,

or of special concern that are present in Brevard County. The proposed project identified in this
facility plan will not have any impacts upon the endangered or threatened species in this region.
The full list of Florida’s federally listed plant species can be found at:
https://www.freshfromflorida.com/Divisions-Offices/Florida-Forest-Service/Our-Forests/Forest-

Health/Florida-Statewide-Endangered-and-Threatened-Plant-Conservation-Program/Florida-s-
Federally-Listed-Plant-Species. A full list of the FWC's listed species may be viewed by visiting
the FWC website at: http://myfwc.com/wildlifehabitats/imperiled/profiles/. Some of the listed

species can be found in areas nearby the proposed project; however, because the project

construction area is within a cleared existing right-of-way along Riverside Drive there are no



listed species that would be directly affected by the proposed project. The following Table 3-1

summarizes the endangered and threatened species found in Brevard County.

Table 3-1: Protection Status of Wildlife Found in Brevard County

Status

Common Name Statm Common Mame St
Ewrpladies Snai Kite Endangarod Ritwikis, L Special Concem
Wood Stark | Twoolened  JCommon Snook Theoatensd
Roseata Spaantit Endongerod i Coun o
LAt Biue Haron Endangerid Common Name _Seetus
Reddah Egrat T T Tiweatened West Indan Manateo | Twoatoned
Snowy Egret Spocis Concern Flonda Alink Srecial Concem
Lousiana i Specis Concern Round Tailed Muskrat UR2
Perognn Faken Specwd Concern  |Fionga Mouse T = ukz
Sodbemiaswal [~ URz__— FecSquiel | Spacial Concam _
Amarican Oystor Catcher Throatenad Southeastern Beach Mcese Throataned
Sauthem Sa'd Eagle Spocial Concarn 22
Ospowy Theaatanad Gommon Name Status
Brown Pelican Speca Concern Armirican Aligator Specisl Contem
Least Tam — Endargamd |Howkstill Turtie S Endangered
Roseste Tom Endangend Ridhey Tuttie Endangered
Audubor's Creswed Camcam | Thwoatened | Fawkobm Sea Tule  Eodwgied
Pging Plover Throatened Loatherback Sea Turia Endangered
FlondaSenbly |~ Thwealered " Gman Sea Tuw ] Thweatoned
Red Knat Throatenad Loggorhead Sea Turtie Throatoned

: Agantic Sait Margh Snake Theontaned

Common Name __State Eadstamn Indigo Srake Thromtona!
Lomions Poiygals Eningend Gophir Torese Cancidale
Coasinl Yorain Special Concern
Prickly Paar Throstenad
Son Lavonder Specisl Concern

Endongend

Carters Musisrd

3.2 Environmental/Community Benefits
The repair and/or replacement of the Riverside Drive Force main will greatly reduce the

potential for future sewage spills into the environment and reduce construction impacts due to

emergency pipe repair. The Riverside Drive Force Main has had multiple failures over the past

few years, which have all had an adverse effect on the both the environment and the

community. With each pipe failure, there is a usually a corresponding sewage spill that is

released into the environment. These spills affect the quality of ground water, soil conditions,

and nearby surface water bodies. Depending on the location and extent of the spill, public

notices are often issued to warn residents about the potential hazards. In addition to the

environmental hazard, the repair of a large diameter force main along a major roadway often

causes road closures and traffic delays. By implementing the proposed project in this facility

plan, these environmental and community impacts could be mostly eliminated.



3.3 Environmental/Community Impacts
The impacts to the environment and the community as a result of this project are minimal.

Community impacts would be limited to temporary lane shifts and lane closures during
construction and some traffic delays as a resuit of the new traffic patterns. The majority of the
construction work would occur outside of the travel lanes, and would be in the unpaved right-of-
way. Most of the impacts to the travel lanes would be where the new force main crosses the
side streets along the proposed alignment.

Environmental impacts would also be very limited due to the fact that the new force main would
be placed in the same alignment as the existing force main, and there would be no additional
clearing or disruption to the surrounding areas. The proposed project would include a force
main crossing underneath a canal. To avoid any environmental impacts at this canal crossing,
a trenchless installation method would be used. Horizontal directional drilling would be the

preferred installation method, and would eliminate the need to impact the waterway.



4 Selected Alternative

4.1 30” DI Force Main Replacement with Surge Tanks

Based on the evaluation criteria established in this facility plan, the 30" DI Force Main
Replacement with Surge Tank Alternative was determined to be the best option. This
alternative addresses all of the issues identified in the South Beaches Force Main Study, and
provides the lowest amount of risk for the occurrence of future pipe failures. By upsizing the
existing force main to 30", the force main system will see lower pressures in the Riverside Drive
segment, which will in turn reduce stress on the pipe. In addition, using ductile iron pipe in lieu
of plastic pipe will provide a much stronger pipe system that is less prone to breaks and joint
failure. The new system will be designed with the appropriate pipe restraints and/or thrust
blocks to prevent joint failures. Air release valves will be installed at the high points in the
system, and isolation valves will be installed every 800 to 1,000 feet and at major junctions. In
general, the new force main system will follow the alignment of the existing 24” force main,
which will minimize the amount of new impacts to the surrounding infrastructure. Figure 4-1
shows the overall project layout of the proposed force main alternative. Additionally, this
alternative will include the installation of pressure surge tanks at the B-19 and B-20 Lift Stations.
The surge tanks would be roughly 10,000 gallon vertical surge tanks with internal air bladder
systems. The tanks would be installed at existing lift station sites, and would not require any
additional land acquisition. Figure 4-2 shows the proposed surge tank locations, and Figure 4-3
shows a typical surge tank schematic detail. The conceptual construction cost estimate for the
30" ductile iron force main replacement with surge tanks alternative is roughly $7.8 million.
Although this alternative is the most expensive, this option is the only one that addresses all of
the system issues that have been identified and therefore provides the highest level of safety for

both the environment and the public.
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BEFORE THE STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

STATE OF FLORIDA DEPARTMENT ) IN THE OFFICE OF THE
OF ENVIRONMENTAL PROTECTION ) CENTRAL DISTRICT
)
v. ) OGC FILE NO. 16-1352
)
BREVARD COUNTY )
CONSENT ORDER

This Consent Order (“Order”} is entered into between the State of Florida Department
of Environmental Protection (" Department”) and Brevard County (“Respondent”) to reach
settlement of certain matters at issue between the Department and Respondent.

he Department finds and Respondent admits the following:

1. The Department is the administrative agency of the State of Florida having the
power and duty to protect Florida's air and water resources and to administer and enforce the
provisions of Chapter 403, Florida Statutes ("F.5.”), and the rules promulgated and authorized
in Title 62, Florida Administrative Code (“F.A.C."}. The Department has jurisdiction over the
matters addressed in this Order.

2. Respondent is a person within the meaning of Section 403.031(5), F.S.

3. Respondent is the owner and is responsible for the operation of the Brevard
County Utilities Department (BCUD) South Beaches wastewater treatment facility (WWTF)
and collections system, an 8.0 MGD annual average daily flow (AADF) domestic WWTT
facility with surface water discharge (D-001}, underground injection (U-001), and land
application (R-001) (“Facility”). The Facility is operated under Wastewater Permit No,
FL0040622 (" Permit”), which was issued on March 13, 2014 and will expire on March 19, 2019.
The Facility is located at 2800 South Highway A1A, Melbourne Beach, FL 32951, in Brevard
County, Florida ("Property”). Respondent owns the Property on which the Facility is located.

4. The Deparbhment finds that the following violation(s) occurred:

a) A force main break on South Patrick Drive between DeSoto Parkway and

Banana River Drive caused three unauthorized discharges of raw wastewater totaling
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“approximately 1,521,000 gallons on September 20, 2016. Two to Class 111 surface waters,
733,000 gallons and 578,000 gallons, and an additional 210,000 gallons to a stormwater pond.
The releases are in violation of 62-604.130 F.A.C., 62-604.500(2) F.A.C., and ¥ S, Chapter
403.121(3)(b).

Having reached a resolution of the matter Respondent and the Department mu tually
agree and it is

ORDERED:

o Respondent shall comply with the following corrective actions within the stated
time periods:

a) Within 365 days of the effective date of this Order, replace the 1.1-mile
section of the BCUD South Beaches collection system force main along South Patrick Drive
between DeSoto Parkway and Banana River Drive with a recent history of line breaks, The
Department recognizes that the Respondent has initiated addressing the subject force main as
of June 2016. A Task Order was executed to design and construct replacement pipe on August
23,2016 and the Brevard County Board of Commissioners initiated emergency conditions to
waive the bidding process in order to expedite the replacement project on September 27, 2016,
Respondent submitted copies of these orders to the Department on October 24, 2016.

b) Within 30 days of the effective date of the Order, provide a plan outlining
best management practices (BMPs) and spill prevention and response measures which will be
implemented during the replacement of the affected portion of the collection system to prevent
any additional unauthorized releases.

') Within 365 days of the effective date of this Order, complete an evaluation
of the 2.8-mile section of the force main on South Patrick Drive/North Riverside Drive
between DeSoto Parkway and Sand Dollar Road in accordance with paragraph 6, below.

d) Within 60 days of the completion of paragraph 5c, above, submit the
results of the evaluation along with a plan and schedule for corrective action, if applicable.

e) Within 180 days of the effective date of this Order, provide a long-term

maintenance plan of the entire BCUD South Beaches collection system to prevent similar

DW/CO September 2015
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discharges in the future. The maintenance plan shall include an up-to-date project list for
rehabilitation and maintenance based on the Infrastructure Asset Evaluation completed by
Brevard County Utilities in 2013, or any additional more recent evaluations.

f) Every calendar quarter after the effective date of this Order, Respondent
shall submit in writing to the Department a report containing information concerning the
status and progress of projects being completed under this Order, information as to
compliance or noncompliance with the applicable requirements of this Order including
construction requirements and effluent limitations, and any reasons for noncompliance. These
reports shall also include a projection of the work to be performed pursuant to this Order
during the 12-month period which will follow the report. These reports shall be submitted to
the Department within 30 days following the end of the quarter.

6. The Respondent shall continue the retained services which commenced on
August 23, 2016 of a professional enginees, registered in the State of Florida, to accomplish all
of the following:

a) Evaluating the Facility’s associated collection system to discover the cause or
causes of the noncompliance.

b) Designing modifications of collection systems to ensure the system will function
in full and consistent compliance with all applicable rules of the Department.

C) Completing an application for a Department wastewater permit to construct the
modifications listed in subparagraph (b} of this paragraph, if such a permit is required.

d) Overseeing the construction of any modifications to the Facility, effluent disposal
system, or collection system.

e) Submitting to the Department a Certification of Completion, prepared and sealed
by a professional engineer registered in the State of Florida, stating that modifications to the
Facility, effluent disposal system, and collection system have been constructed in accordance
with the provisions of the Permit.

f) In the event the Departinent requires additional information to process the

permil application described in subparagraph (c) of this paragraph, providing a written

[Tara Nl
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response containing the information requested by the Department within 30 days of the date
of the request.

7. Within 90 days of the effective date of this Order, Respondent shall submit a
complete application for a Department wastewater permit to construct the modifications listed
in subparagraph 6b, if such a permit is required.

8. Within 270 days of the date a wastewater permit is issued, or, if no permit is
required, within 365 days of the effective date of this Order, Respondent shall complete
construction of the modification(s) developed pursuant to paragraph 6 and submit a
Certification of Completion, prepared and sealed by a professional engineer registered in the
State of Florida, stating that modifications to the Facility, effluent disposal system, and
collection system have been constructed in accordance with the provisions of the Permit.

9. Notwithstanding the time periods described in the paragraphs above,
Respondent shall complete all corrective actions required by pa ragraphs 5 and 6 within 365
days of the effective date of this Order and be in full compliance with Rule 62-604, F.A.C.,
regardless of any intervening events or alternative time frames imposed in this Order, other
than those excused delays agreed to by the Department, as described in paragraph 17, below.

10. Within 90 days of the effective date of this Order, Respondent shall submita
written estimate of the total cost of the corrective actions required by this Order to the
Department. The written estimate shall identify the information the Respondent relied upon
to provide the estimate,

11. Within 45 days of the effective date of this Order, Respondent shall pay the
Department $2,750.00 in settlement of the regulatory matters addressed in this Order. This
amount includes $2,500.00 for civil penalties and $250.00 for costs and expenses incurred by
the Department during the investigation of this matter and the preparation and tracking of this
Order. The civil penalties are apportioned as follows: $2,500.00 for viclation of Florida Statute
(F.S.) 403.121(3)(b).

12 Respondent agrees to pay the Department stipulated penalties in the amount of

$100 per day for each and every day Respondent fails to timely comply with any of the
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requirements of paragraph(s) 5, 6, 9 of this Order. The Department may demand stipulated
penalties at any time after violations occur. Respondent shall pay stipulated penalties owed
within 30 days of the Department’s issuance of written demand for payment, and shall do so
as further described in paragraph 13, below. Nothing in this paragraph shall prevent the
Department from filing suit to specifically enforce any terms of this Ordey. Any stipulated
penalties assessed under this paragraph shall be in addition to the civil penalties a greed to in
paragraph 11 of this Order.

13. Resporxlent shall make all payments required by this Order by cashier's check,
money order or on-line payment. Cashier’s check or money order shall be made payable to
the “Department of Environmental Protection” and shall include both the OGC number
assigned to this Order and the notation “Water Quality Assurance Trust Fund.” Online
payments by e-check can be made by going to the DEP Business Portal at:

hitp://www fldepportal.com/go/pay/. It will take a number of days after this order is final

and effective filed with the Clerk of the Department before ability to make online payment is
available.

14. Except as otherwise provided, all submittals and payments required by this
Order shall be sent to Megan Warr, Environmental Specialist II/ Compliance Assurance
Program, Department of Environmental Protection, 3319 Maguire Blvd, Suite 232, Orlando,
Florida 32803-3767.

15. Respondent shall allow all authorized representatives of the Department access
to the Facility and the Property at reasonable times for the purpose of determining compliance
with the terms of this Order and the rules and statates administered by the Department,

16 Inthe event of a sale or conveyance of the Facility or of the Property upon which
the Facility is located, if all of the requirements of this Order have not been fully satisfied,
Respondent shall, at least 30 days prior to the sale or conveyance of the Facility or Property,
(a) notify the Department of such sale or conveyance, (b) provide the name and address of the
purchaser, operator, or person(s) in control of the Facility, and (c) provide a copy of this Order

with all attachments to the purchaser, operator, or person(s) in control of the Facility. The sale
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- or conveyance of the Facility or the Property does not relieve Respondent of the obligations
imposed in this Order.

17. If any event, including administrative or judicial challenges by third parties
unrelated to Respondent, occurs which causes delay or the reasonable likelihood of delay in
complying with the requirements of this Order, Respondent shall have the burden of proving
the delay was or will be caused by circumstances beyond the reasonable control of Respondent
and could not have been or cannot be overcome by Respondent's due diligence. Neither
economic circumstances nor the failure of a contractor, subcontractor, materialman, or other
agent {collectively referred to as “conbractor”) to whom responsibility for performance is
delegated to meet contractually imposed deadlines shall be considered circumstances beyond
the control of Respondent (unless the cause of the contractor's late performance was also
beyond the contractor's control). Upon occurrence of an event causing delay, or upon
becoming aware of a potential for delay, Respondent shall notify the Department by the next
working day and shall, within seven calendar days notify the Department in writing of (a) the
anticipated length and cause of the delay, (b) the measures taken or to be taken to prevent or
minimize the delay, and {(c) the timetable by which Respondent intends to implement these
measures. If the parties can agree that the delay or anticipated delay has been or will be
caused by circumstances beyond the reasonable control of Respondent, the time for
performance hereunder shall be extended. The agreement to extend compliance must iden tify
the provision or provisions extended, the new compliance date or dates, and the additional
measures Respondent must take to avoid or minimize the delay, if any. Failure of Respondent
to comply with the notice requirements of this paragraph in a timely manner constitutes a
waiver of Respondent's right to request an extension of time for compliance for those
circumstances.

18. The Department, for and in consideration of the complete and timely
performance by Respondent of all the obligations agreed to in this Order, hereby condi Honally

walves its right to seek judicial imposition of damages or civil penalties for the violations
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described above up to the date of the filing of this Order. This waiver is conditioned upon
Respondent’s complete compliance with all of the terms of this Order.

19. This Order is a settlement of the Department’s civil and administrative authority
arising under Florida law to resolve the matters addressed herein. This Order is not a
settlement of any criminal liabilities which may arise under Florida law, nor is it a settlement
of any violation which may be prosecuted criminaily or civilly under federal law. Entry of this
Order does not relieve Respondent of the need to comply with applicable federal, state, or
local laws, rules, or ordinances.

20.  The Department hereby expressly reserves the right to initiate appropriate legal
action to address any violations of statutes or rules administered by the Department that are
not specifically resolved by this Order.

21.  Respondent is fully aware that a violation of the terms of this Order may subject
Respondent to judicial imposition of damages, civil penalties up to $10,000.00 per day per
violation, and criminal penaities.

22, Respondent acknowledges and waives its right to an administrative hearing
pursuant to sections 120.569 and 120.57, F.S,, on the terms of this Order. Respondent also
acknowledges and waives its right to appeal the terms of this Order pursuant to section 120.68,
F5.

23.  Electronic signatures or other versions of the parties’ signatures, such as .pdf or
facsimile, shall be valid and have the same force and effect as originals. No modifications of
the terms of this Order will be effective until reduced to writing, executed by both Respondent
and the Department, and filed with the clerk of the Department.

24, The terms and conditions set forth in this Order may be enforced in a court of
competent jurisdiction pursuant to sections 120.69 and 403.121, ¥.5. Failure to comply with the
terms of this Order constitutes a violation of section 403.161(1)(b), F.S.

25. This Consent Order is a final order of the Department pursuant to section
120.52(7), F.S., and it is final and effective on the date filed with the Clerk of the Department

unless a Petition for Administrative Hearing is filed in accordance with Chapter 120, F.S.
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Upon the timely filing of a petition, this Consent Order will not be effective unt! further order
of the Department.

26.  Persons who are not parties to this Consent Order, but whose substantial
interests are affected by it, have a right to petition for an administrative hearing under sections
120.569 and 120.57, Florida Statutes. Because the administrative hearing process is designed to
formulate final agency action, the filing of a petition concerning this Consent Order means that
the Department’s final action may be different from the position it has taken in the Consent
Order.

The petition for administrative hearing must contain all of the following information:

a) The OGC Number assigned to this Consent Order;

b} The name, address, and telephone number of each petitioner; the name, address,
and telephone number of the petitioner’s representative, if any, which shall be the

address for service purposes during the course of the proceeding;

¢} An explanation of how the petitioner’s substantial interests will be affected by the

Consent Order;
d} A statement of when and how the petitioner received notice of the Consent Order;

¢) Either a statement of all material facts disputed by the petitioner or a statement that

the petitioner does not dispute any material facts;

f) A statement of the specific facts the petitioner contenids warrant reversal or

modification of the Consent Order;

g) A statement of the rules or statutes the petitioner contends require reversal or

modification of the Consent Order; and

h) A statement of the relief sought by the petitioner, stating precisely the action

petitioner wishes the Department to take with respect to the Consent Order.

The petition must be filed (received) at the Department's Office of General Counsel,

3900 Commonwealth Boulevard, MS# 35, Tallahassee, Florida 32399-3000 within 21 days of
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receipt of this notice. A copy of the petition must also be mailed at the time of filing to the
Central District Office at 3319 Maguire Blvd, Suite 232, Orlando, FI, 32803. Failure to file a
petition within the 21-day period constitutes a person’s waiver of the right to request an
administrative hearing and to participate as a party to this proceeding under sections 120.569
and 120.57, Florida Statutes. Before the deadline for filing a petition, a person whose
substantial interests arve affected by this Consent Order may choose to pursue mediation as an
alternative remedy under section 120.573, Florida Statutes. Choosing mediation will not
adversely affect such person’s right to request an administrative hearing if mediation does not
result in a settlement, Additional information about mediation is provided in section 120.573,
Florida Statutes and Rule 62-110.106(12), Fiorida Administrative Code.

27, Rules referenced in this Order are available at

http:/ /www. dep.state.fl.us/legal/Rules/rulelist htm

DW/CO September 2015
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FOR THE RESPONDENT;
arfield Date
irman, Board of County Commissioners of Brevard

County, Florida

DONE AND ORDERED this\8thday of November _ 2016, in Orange _ County, Florida.

STATE OF FLORIDA DEPARTMENT
OF ENVIRONMENTAL PROTECTION

Gtz

fe_ff Prather
Director, Central District

Filed, on this date, pursuant to section 120.52, F.5., with the designated Department Clerk,
receipt of which is hereby acknowledged.

November 18, 2016

——— tem———

Clerk Date
Copies furnished to:

Lea Crandall, Agency Clerk
Mail Station 35

2,00 (V. Ok/0ey

DW/CO September 2015
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Introduction

Brevard County Utility Services (USD) has requested HDR Inc. to evaluate the ‘South Beaches Force Main
System’. Specifically, USD has identified the need to investigate the cause of repeated force main

breaks along S. Patrick Drive and Riverside Drive, which are part of the force main system from Lift
Station #B-19 to the South Beaches WWTP. The force main system is comprised of a combination of
ductile iron pipe and PVC pipe. The pipe sizes on the main force main system vary between 20” and 24”.
The three main pump stations that contribute the majority of the flow to this system are Lift Stations B-
19, B-20, and B-01.

The system has experienced a significant number of breaks over the last few years, concentrated in the
areas where the pipe material is PVC. In November 2016, the Florida Department of Environmental
Protection issued a Consent Order related to sewage spills resulting from these force main breaks.
Included in the Consent Order is the requirement that USD study the force main system and the cause of
the pipeline failures.

This report will consider the cause of the breaks and provide analysis of options for system upgrades
that would minimize spills to the Indian River Lagoon. The Indian River Lagoon is an Outstanding Florida
Water (OFW) and the USD is committed to reducing SSO’s for this system that could negatively impact
this water body.

A portion of this force main system from DeSoto Parkway to Banana River Drive is currently being
replaced, with construction expected to be complete by the end of 2017. This portion of PVC pipe was
deemed inadequate because of the large number of breaks and lack of proper restraints, so the USD
decided to replace this concurrent with studying the remainder of the system.
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2.0 Review of Pipe Break Data and Prior Surge Reports

A review of the existing data indicates evidence of improperly installed pipe in at least two of the
pipeline segments. USD has had the pipe manufacturer investigate the installed PVC in one segment to
determine if a manufacturing issue was the cause. The force main system is 13 miles in length and
operates at relatively high pressures. Pressure surges are thought to be a contributing issue to the high
frequency of breaks. Lack of joint restraints, inadequate compaction and pipe bedding are also thought
to be contributing factors to the frequency of the breaks. PBS&J performed a surge analysis of the
system in 2005, and in 2010, CH2M Hill performed an analysis of the B-6 force main system which also
included data and observations about the B-19 system.

Table 1 shows a summary of the force main breaks, categorized by the type of break. Although there
have been four types of breaks, nearly 40% of the pipe breaks have been split pipe at the bell of the

pipe.

Table 1. Pipe Breaks

Type of Break Occurrences

Bell Split ) 10 -
Leak 11

Joint Separation 2

Other 3

Figures 1 — 3 show the force main breaks along the pipeline route. Figure 1 shows the breaks in the run
of pipeline from Desoto Parkway to Banana River Drive. This section is currently under construction and
should be complete by the end of 2017. This section is being replaced with 20” and 24” DIP. Further
analysis of the pipeline system will focus on the areas shown in Figures 2 — 3.

HDR was tasked to evaluate the PBS&J and the CH2M reports, the Diamond Plastics pipe reports, as well
as the data provided in Task 2A, with regard to operating issues and documented failures.
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Figure 1. Force Main on S. Patrick from Desoto Pkwy to Banana River Or.
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Figure 2. Riverside Dr. from Eau Gallie Bivd. to Paradise Blvd.
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Figure 3. Riverside Dr. from Paradise Blvd. to Oakland Ave.
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Reviewed Reports:

e South Beaches, Sewer Force Main Draft Surge Analysis, October 2005, Project No. 150500.09,
PBS&J

e Expert Opinion of Scott C. Williams, PE on a Construction Project Known as: B-6 Lift Station and
Force Main Modifications Brevard County, FL, February 16, 2010

e Diamond Plastics Corporation Field Report No. FR 3395 Re: Brevard County Utility Department
AWWA C 905 DR 25 PVC Sewer Force Main Pipe Samples from Brevard County

Findings from Reviewed Reports:

South Beaches, Sewer Force Main Draft Surge Analysis, October 2005, Project No. 150500.09, PBS&J

The PBS&J report utilized a hydraulic transient model to assess the sensitivity of the pump system to
adverse hydraulic transient pressures resuiting from uncontrolled pump shutdowns as weii as normai
shutdown and startup procedures.

The PBS&J recommendations suggested that installing ‘surge relief’ valves along with air/vacuum valves
at each pump station would prevent negative pressures from dropping to full vacuum for most modeled
cases. However, when all pump stations fail simultaneously, as may happen in a system wide power
outage, full vacuum was predicted to occur within the system. The report further concluded that the
‘surge relief’ valve and air/vacuum valve surge mitigation would not prevent negative pressures from
occurring in the majority of the system. The report also suggests the need for a slow ramp down of each
pump to help mitigate the negative transients, but this would not fully resolve negative pressures within
the modeied system. A ramp down of 60 seconds is noted and is recommend as a minimum ramp down
time in the report.

Ultimately the PBS&J report recommends the instailation of a 2,000 galion pressurized bladder surge
tank at each of the pump stations B-19, B-20, B-1 and B-6 to prevent the formation of the negative
pressures and vapor cavities within the force main. The report goes on to say that installation of bladder
surge tanks would adequately mitigate adverse transient pressures during normal startup and shutdown
of the pumps.

Expert Opinion of Scott C. Williams, PE on a Construction Project Known as: B-6 Lift Station and Force
Main Madifications Brevard County, FL, February 16, 2010

Scott Williams of CH2MHill was asked to evaluate the B-6 Lift Station and Force Main. As part of this
evaluation Mr. Williams installed high frequency pressiire recorders within the system and recorded a
series of pump starts and stops to evaluate the system’s transient response. These recordings are critical
to understanding the role of adverse transient pressures and the potential for the transient pressures to
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cause damage or failure to the force main system. Below is a list of findings drawn directly from Mr.
Williams report:

e Page 4 of 35, Last Sentence, “Measured pressure data on the B-19 Force Main did not reveal
unusual transient pressures or signals”

e Page 11 of 35, First Bulleted Item, “Estimated pump operating points based on measure
discharge heads indicate that the pumps are operating normally, and that trapped air/gas
pockets are not creating “air binding” on the pipeline.”

e Page 19 of 35, Second Paragraph, Last Sentence, “Still, no usual pressure excursions indicating
hydraulic shock were measured in either line.”

e Page 19 of 35, Last Bulleted Item, “Direct observation of B-19 Force Main in operation at pump
stations, valve vaults, and air release manholes on February 5, 2010 did not reveal any auditory
or visual indicators or hydraulic shock events within or along the pipeline.”

Also from this report the following chart was published showing the recordings of the high frequency
transient monitors for February 5, 2010. The H1_FEB_5 P18a recorder was located at the discharge of
Lift Station B-19 and monitor H2_FEB_5 P19a was located at various locations along the force main.
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The P18a monitor located at the B-19 Lift Station shows a pressure fluctuation from 0 to 100 psig. This
fluctuation in pressure is significant and will cause repetitive dynamic loads (cyclic loads) within the
system. However, while the pressure alone is within the allowable limits of the design, the frequency of
the pressure fluctuation should be noted because thermop!astic elastomeric materials such as PVC and
HDPE are susceptible to fatigue and embrittlement due to work hardening. Cyclic loading also worsens
the propagation of cracks within thermoplastic pipe.

Diamond Plastics Corporation Field Report No. FR 3395 Re: Brevard County Utility Department AWWA C
905 DR 25 PVC Sewer Force Main Pipe Samples from Brevard County
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The Field Report 3395 submitted by Ron Bishop of Diamond Plastics is an assessment of two failed pipe
sections that were shipped to Diamond Plastics for evaluation. The report is summarized on Page 11:

“From our examination of the two samples described in this letter report and the attached formal Field
Report #3395, the direct failure is clearly a cyclic fatigue failure. The most likely direct cause of the
fractures is the presence of repeated cyclic pressures that combined with a bending force applied at the
bell entrance lip by the over assembled spigot that was placed in an angled articulation of the spigot end
of the pipe relative to the bell end in order to accommodate curvature to the pipe line as it was
installed. A less likely second alternative is that the angle of the change in direction at the joint could
have been increased due to localized settlement of the joint if it had not been placed on firm bedding
prior to placing the pipe zone material and the subsequent backfill over the pipe before surface loads
were applied over the top of pipe.”

Mr. Bishop also provided the following sketch as a supplement to the Field Report 3395:

Bl |

The sketch represents a description of the vertically deflected joint as it was received for testing. The
sketch also identifies the force and moment that was identified as the reason for the Bell Split failure.
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Pipe Break Analysis

In Figures 1-3, several types of breaks were identified within the evaluated section of force main. The
majority of the breaks were identified as a Bell Split. This type of break is identified in the Diamond
Plastic Field Report. The Diamond Plastic Field report describes how over-deflection, over-insertion, and
applied cyclic loading resulted in the Bell Split failures. However, the reason why the joints were over
deflected to a point in which a bending moment was introduced may vary for the foilowing reasons:

e The installer deflected the joint to produce a vertical or horizontal curve to avoid a conflict with
a utility, obtain a required lay elevation, or make an alignment change

e The fill material providing structural support around the joint was displaced by fluctuating
ground water and migration of fines that weaken the soil support and allowed localized
differential settlement

e The fill material was poorly compacted causing differential settlement and over deflection of the
ioint,

e  With three feet of minimum cover the impact loading from heavy equipment could have
introduced differential loading resulting in deftection.

In the design of pressurized pipelines utilizing push-on or gasketed joints, it is common to limit the
deflection within the pipeline by designing straight runs of pipe on constant slope with varying degrees
of fill above the pipe crown to limit the vertical undulation of the pipeline along the alignment. Itis also
common to limit the allowable joint deflection to some percent (i.e. 50% or 75%) of the manufacturer’s
specified allowable deflection limit. In design, this ensures that the vertical and horizontal curves
designed along the alignment will not introduce excess stress to the push on joint, and as necessary,
modifications to the horizontal or vertical alignment during construction may be made. By using 50% of
the allowable defiection in design, variations in the alignment can be made in construction while
maintaining the deflections within the manufacturer’s allowable limits. Two additional types of failures
were noted in Figures 1-3. These were “Joint Separation / Slipped Joint” and “Saddle Failed”

The joint separation/slipped joint failures are most likely a result of the following:

® This may be an installation issue resuiting from under stabbed or inserted joints instaiied in hot
temperature and covered without allowing for temperature adjustments. Once covered the
reduction in temperature will result in significant contraction of PVC pipe. This contraction may
result in the pipe pulling away from the joint.

e Gasket or seal failure with longitudinal movement or thrust at unrestrained joints.
o Shrinkage as described above
o Differential settlements

o Movement resulting from thrust at unrestrained joints
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Possible reasons for the saddle failures include the following:
e Seal or gasket failure on saddle
e Corrosion of saddie material or bolting assembly causing saddle to release or separate

e Stress concentration at pressure tap leading to longitudinal or fracture ‘coupon’ failure along
pipe segment

Pipe Break Conclusions

Through evaluation of the various reports and record drawings, HDR, Inc has concluded that a portion of
the pipeline system should be replaced regardless of the surge modeling results. The multiple Bell Split
failures resulting from a combination of over-inserted, over-deflected joints in the presence of cyclic
loading will continue to result in failure along the pipeline alignment. Additional surge mitigation may
be necessary and may reduce the frequency of failures, but will not resolve the fundamental problem
that is resulting in the failures. Consequently, the number of failures over time may be the same even if
additional surge mitigation is installed.

HDR, Inc. recommends that USD replace the section of PVC force main on Riverside Drive from Eau
Gallie Boulevard to Oakland Avenue. For this replacement the use of USD’s standard material for force
mains is appropriate. In design of this replacement pipe HDR, inc. recommends that the following
conservative desigh methodology is used. This includes:

e Limit the allowable deflection in design to 50% of the manufacture’s allowable joint deflection,

e Limit the number of vertical and horizontal deflections by using constant pipe slopes and
allowing the depth of cover to vary along the alignment,

e Use fittings as necessary and design restraint systems for the working plus transient pressure as
a minimum at every joint,

® Provide well-compacted and bedding material for the pipe and consider the use of geo-
membrane to maintain the integrity of the soil envelope around the pipe. This will help limit
differential settlement from rising and falling groundwater and migration of fines into the pipe
zone.

It is also recommended that during construction that experienced inspectors are used to ensure design
information and manufacturer’s allowable limits are maintained during construction. Considering these
conservative design methods and providing detailed inspection during construction will limit the leakage
in this replacement.
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3.0 Surge Analysis

HDR has collected field data on the operation of the force main system by installing pressure recorders
at strategic locations. The recorders were installed at the B-19 lift station and the B-01 lift station. The
data collection tock place in September and October 2017.

HDR is developing a hydraulic transient model to further analyze issues identified in previous tasks. HDR
will provide recommendations and develop an implementation plan based on a hierarchy of
importance/priority/cost. The surge data is shown in Appendix A.
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4.0 Options Analysis

This report wilt analyze options for upgrades to the force main system, construction of a re-pump
station along the force main route, construction of a new WWTP, and construction of raw wastewater
holding tanks. These options will be considered along with conceptual cost estimates for comparison
purposes. Itis apparent that with some of these long-term options, repair and replacement of the force
main on Riverside Drive will still have to be performed. These options could be combined as appropriate
as well.

4.1 Force Main Upgrades and B-01 Re-alignment

The section considers upgrades to the portions of the force main system that are PVC and have been
experiencing breaks. The USD is completing the replacement of the force main on S. Patrick Drive
between Desoto Parkway and Banana River drive in 2017, so that portion is not considered for further
analysis. This analysis is focused on the portion of force main on Riverside Drive between Eau Gallie
Blvd and Oakland Avenue.

The USD has a current capital improvement project to rehabilitate Lift Station B-01. B-01 is located
downstream of B-19 and B-20. The scope includes replacement of existing pumps with larger pumps as
well as other miscellaneous modifications. It has been proposed to replace the existing pumps with hew
pumps that have a design condition of 800 gpm at 191 feet of head. The current pumps are not able to
pump down the wet well when lift stations B-19 and/or B-20 are running because the head conditions
are too high.

The USD also has a future capital improvement project to take the flow from B-01 off of the B-19 force
main system and install a new 24-inch force main to tie into the Lift Station B-06/B-07 force main
system. The USD is also considering pipeline improvements upstream and downstream of B-01.
Accordingly, the USD has asked HDR to consider the pump upgrades at B-01 in relation to the
downstream pipeline improvements.

The following options for the force main system improvements have been evaluated:

1. Increase head on B-01 pumps with no change in downstream force main size

2. Increase head on B-01 pumps, increase force main size to 30-inch when existing 24-inch PVC
force main sections on Riverside Drive are replaced

3. Install new 20-inch force main to B-06 as an interconnect to remove flow from S. Patrick force
main system

4. |Install a parallel 12" force to B-06 to send the B-01 flow to the B-06 system.

To determine the hydraulic consequences of the above scenarios, HDR has created a hydraulic model of
the B-19/8-20/8-01, as well as, the B-06/B-07 force main system. HDR chose EPANET for the model
because of the relative simplicity of the system and because it is non-proprietary software. The model
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assumptions are summarized in Appendix A. The following is a description of each of the four options
mentioned above:

Option 1 — Installing new pumps at the B-01 LS that are able to operate at higher head
conditions will allow the lift station to pump down more often. See Figure 4 for location map of
this option. The USD has indicated that the current scenario is that the pump station can only
get into the system when B-19 or B-20 is off. These higher head pumps at B-01 may cause the
existing pumps at B-19 and B-20 to operate at a point on their curve to the left of current
operation (slightly less flow, higher head). Overall there would be no significant negative system
impacts.

Option 2- Instail new pumps with increased head at B-01 and replace the existing 24-inch PVC
force main with 30-inch ductile iron pipe (DIP) on Riverside Drive. This accomplishes Option 1
(allow the B-01 lift station to pump down more often), and also reduces the velocity and head
(pressure) in the long run of force main. The run of pipe expected to be replaced runs from
Banana River Drive south to the intersection of Oakland Ave and Riverside Drive, a distance of
approximately 3.5 miles. Figure 5 shows this pipeline alternative. This would result in lower
velacities in this new stretch of force main, and this could translate to somewhat reduced
pumping costs. However, the remainder of the force main downstream of this section of
proposed 30-inch force main that runs to the wastewater treatment plant would still be 24-inch,
and reducing the diameter of a force main on the downstream side is not standard practice.

Option 3 — Install a new 20-inch force main section from the B-19/B-20/B-01 force main near
Oakland Ave to the B-06/B-07 force main system, just downstream of the B-06 pump station, in
order to reduce the flow in the B-19 force main system by directing it into the B-06/B-07 force
main system. This would reduce the amount of flow in the B-19/B-20/B-01 force main system,
which would lessen the velocities in the force main system thereby reducing losses to friction.
This would translate in to some energy savings in terms of pumping operations; however, to
accomplish this a new 20-inch force main 1,200 feet in length would have to be constructed. .
As an Option 3 alternative, the 20-inch force main connection between the 8-19/B-20/B-01
force main system and the B-0/B-07 force main system could be moved slightly downstream to
connect from the B-19/B-20/B-01 system’s 24-inch on N Shannon Ave, run along 2" Avenue
approximately 680 feet, and connect to the B-06/B-07 system’s 20-inch force main as it turns
south at N Palm Ave. Both of these options are shown in Figure 7. This alternative would
shorten the 20-inch interconnect between the two force mains and move the construction from
a major road, N Riverside Dr, and move it to a smaller residential street that may permit closure
to through traffic during construction.

Option 4 - Install new 12” force main from B-01 Lift Station to B-06 force main system in order
to remove flow from the B-19 force main system. This option is shown in Figure 6. This would
reduce the amount of flow in the B-19 force main system, which would lessen the velocities in
the force main system thereby reducing losses to friction. This would translate in to some
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energy savings in terms of pumping operations; however, to accomplish this a new 12” force
main 3 miles long would have to be built at a cost of approximately $1.5 million. This large
capital expenditure would not justify the minor energy savings realized by the new 12” force
main. The cost mentioned above does not include any upgrade costs at B-06 or B-07. This
option was not modeled and is considered cost prohibitive because of the marginal benefits
obtained at a substantial capital cost.

System Scenarios

Both high head and low head conditions (scenarios) were analyzed in order to determine the possible
operational total dynamic head (TDH) range of the BO1 pump station system. The TDH range was
utilized to select efficient pumps to operate at the desired flow rate. Design flow rates of 800 gpm and
1,000 gpm were analyzed for the high head conditions. The design flow rate of 800 gpm was analyzed
for the low head conditions, as this would generate a lower head than the 1,000 gpm alternative. Three
system alternatives were analyzed:

1. Existing Condition,
Upsize of the 24-inch PVC force main sections to 30-inch,

3. Upsize of the 24-inch PVC force main sections to 30-inch with a 20-inch interconnect to B-
06/B-07 force main system.

Existing Conditions

The existing condition scenarios represent the system as it is today with B-01 contributing flow changed
to 800 gpm and 1,000 gpm for respective scenarios. In this scenario, the existing 24-inch PVC sections
along N Riverside Dr are kept as is. For one sub-scenario, both B19 and B20 triplex stations were
allowed to operate with two pumps running, each, and, thus, generated flow based on the head
condition of the system. For comparison, another sub-scenario was run where the B-19 and B-20 pump
stations were only permitted to generate flow equal to their design flow and no more, imitating variable
frequency drive condition limit.

Future: 30-inch Force Main

Under this system scenario, the existing 24-inch PVC sections along N Riverside Dr are upsized to 30-inch
ductile iron pipe (DIP). A total of 19,712 linear feet (LF) of 24-inch PVC was replaced with 30-inch DIP in
this scenario. Both B19 and B20 tripiex stations were allowed to operate with two pumps running, each,
and, thus, generated flow based on the head condition of the system.

Future: 30-inch Force Main with 20-inch Interconnect

Under this system scenario, the existing 24-inch PVC sections along N Riverside Dr are upsized to 30-inch
ductile iron pipe (DIP). A total of 19,712 linear feet (LF) of 24-inch PVC was replaced with 30-inch DIP in

this scenario. Additionally, a 1,200 LF, 20-inch force main was added along N Riverside Dr from Oakland

Page 16 of 33



Avenue to Second Avenue connecting the B-19/B-20/B-01 24-inch force main to the B-06/B07 20-inch
force main. Both B19 and B20 triplex stations were allowed to operate with only one pump running,
each, and, thus, generated flow based on the head condition of the system. Only one pump, each, was
allowed to operate at B-19 and B-20 such that the stations would generate flow similar to their design
condition. The lower head conditions at these stations resulting from the system improvements
permitted the stations to run on one pump and still produce close to if not more than the designh flow.
For the high head scenarios, B-06 and B-07 pump stations were constrained to pump at their design flow
rates of 1,940 gpm and 1,375 gpm, respectively. The inclusion of the 20-inch interconnect results in
additional flow being conveyed through the B-06/B-7 force main system, the head condition at these
pump stations would not allow the existing pumps to generate their design flow. If the interconnect is
implemented in the County’s system an in depth review of these stations will be needed.

An alternative system scenario was analyzed where the 20-inch interconnect alignment was moved from
N Riverside Dr to 2" Avenue. The 680 LF, 20-inch interconnect is further downstream from the
alignment proposed along N Riverside Dr and thus the overall head condition as seen from the B-19/B-
20/B-01 force main system pump stations are slightly higher, however, the difference is fairly negligible.

Results

The results of the EPAnet modeled scenarios described below are provided in Table 2 and Table 3 for
high head and low head scenarios analyzed, respectively. As would be expected, replacing the 24-inch
PVC force main sections in the B-19/B-20/B-01 force main system lowers the system head allowing the
existing pumps at the stations to pump a greater flow. With the interconnect in place B-19/B-20/8-01
force main system head drops even lower, allowing for the shutdown of one pump at each of the major
stations (B-19 and B-20) while allowing them to pump at or near their design flow rate. Under existing
conditions where B-01 is designed to convey 800 gpm the B-01 proposed pumps would have to be able
to pump at between 87 and 218 ft of TDH. Likewise, where the 24-inch PVC force main sections are
replaced with 30-inch DIP the TDH range as seen at the B-01 pump station could range between 79 and
186 ft at a flow rate of 800 gpm. With the inclusion of the 20-inch interconnect to the B-06/B-07 force
main system along N Riverside Dr, the system head at B-01 drops even further to a range of between 62
and 138 ft of TDH. Head conditions for the other major stations, B-19, B-20, B-06, and B-07 are also
provided in Table 2 and Table 3, as well as, the flow conveyed from the B-19/B-20/B-01 force main
system into the B-06/B-07 force main system via the 20-inch interconnect.

Future Surge Analysis

As the B-01 pump station is upgraded, it is recommended that the pressure monitoring and surge
modeling be performed with the new pumps selected for B-01, and taking in to account the pipeline
recommendations mentioned in this report. This will provide the most accurate representation of

future surge conditions.
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Brevard County Riverside Drive 24" FM Replacement
0% Conceptual Cost Estimate

ITEM AVERAGE TOTAL
Number SUMMARY OF PAY ITEMS QUANTITY| UNIT UNIT PRICE AMOUNT
1 Mobilization 1 LS $80.000.00 $80,000.004
2 Layout and Asbuilt 1 LS $41,760.00 $41 ,760.00'
3 Erosion Control 1 LS $17,500.00 $17.500.00]
4 Dewatering 1] Ls $100,000.00 $100,000.00§
5 24" Ductile Iron FM 17700 LF $230.00 $4.071.000.DGI
6 24" x 24" Tapping Sleeve & Valve 2 EA $50,000.00 $1 O0.00M
7 24" Gate Valve 8 EA $32,000.00 $255.000.00I
8 |2" Air Release Valve 4 EA $11,300.00 $45,200,00§
9 24" 45° DI Eibow 20 EA $7,000.00 $140.000.00I
10 24" 11.25° DI Elbow 8 EA $6,500.00 $52.000.00I
11 Canal/Ditch Crossing 2 EA $80,000.00 $160,000.00I
12 Lift Station Connections 4 EA $45,000.00 $1 B0,00D.OOI
13 Demo and Remove Concrete Sidewalk 20000 SF $1.25 $25,000.DGI
14 |Sidewalk Replacement 20000 SF $5.50 $110,000.00§
15 Roadway Cut/Patch 1200 SY $110.00 $132,000.00I
16 Concrete Driveway 600 SY $50.00 $30.000.00]
17 |Construct Curbing 800| LF $40.00 $32,000,00]
18 |Striping 1] Ls $4,000.00 $4,000.00§
19 Abandon 24" PVC FM 17700 LF $6.00 $106,200.00]
20 Remove and Replace Pipe Bedding 300 CcY $24.00 $7,200.0(]I
21 Remove and Replace Pipe Backfill 300 CY $26.00 $7.800.DGI
22 |Seeding 3000 sY $2.00 $6,000.00]
23 |Sodding 7000 SY $4.00 $28,000.00)
24 Landscaping 1 LS $50,000.00 $50.000.00]
25 Density Testing 1 LS $27,200.00 $27.200.Cﬁl
26 |Pressure Testing 1] Ls $12,000.00 $12,000.00)
27 Maintenance of Traffic 1 LS $17,500.00 $17.500.00I

Sub-total

$5,638,360.00]

Contingency (20%)

$1,167,672,00

TOTAL*

$7,006,032.00}




Brevard County Riverside Drive 30* FiVi Repiacement

0% Conceptual Cost Estimate

ITEM AVERAGE TOTAL

Number SUMMARY OF PAY ITEMS QUANTITY| UNIT UNIT PRICE AMOUNT
1 Mobilization 1 LS $40,000.00 $40,000.00
2 Layout and Asbuilt 1 LS $41,760.00 $41 .760.00'
3 Erosion Control 1 L $12,500.00 31 2.500.00]
4 Dewatering 1 LS $110,000.00 $1 10.000.00]
5 30" Ductile lron FM 17700 LF $245.00 $4.336.500.00I
6 30" x 24" Tapping Sleeve & Valve 2 EA $56,000.00 $11 2.000.00'
7 30" Gate Valve 8 EA $42,000.00 $336.000.00I
8 2" Air Release Valve 4 EA $9,000.00 $36|000.00|
9 30" 45° DI Elbow 20 EA $8,500.00 $170.000.00|
10 30" 11.25° DI Elbow 8 EA $7,500.00 $60,000.00l
11 Canal/Ditch Crossing 2 EA $90,000.00 $1 80.000.00‘
12 Lift Station Connections 4 EA $55,000.00 $220,000.00]
13 Demo and Remove Concrete Sidewalk 20000 SF $1.25 $25,000.00I
14 |Sidewalk Replacement 20000| SF $5.50 $110,000.00}
15 Roadway Cut/Patch 1200 SY $110.00 $132.000.00I
16 |Concrete Driveway 800| SY $50.00 $30,000.00§
17 Construct Curbing 800 LF $40.00 $32,000.00I
18 |Striping 11 Ls $4,000.00 $4,000.00§
19 Abandon 24" PVC FM 17700 LF $8.00 $141 .600.00'
20 Remove and Replace Pipe Bedding 300 CcY $24.00 $7.200.06I
21 Remove and Replace Pipe Backfill 300 cY $26.00 $7.800.00I
22 Seeding 3000 SY $2.00 $6.000.00|
23 Sodding 7000 SY $4.00 $28.000.00|
24  |Landscaping 1| Ls $50,000.00 $50,000.00]
25 Density Testing 1 LS $27,000.00 $27.000.00I
26 Pressure Testing 1 LS $12,000.00 $1 2,000.00'
27 Maintenance of Traffic 1 LS $17,500.00 $17,500.00§
Sub-total $6,284,860.00
Contingency (20%) $1 ,256,972.00'
i
TOTAL* $7,541,832.00]




4.2 New Re-pump Station

As an alternative option to reducing the force main system pressure, consideration was given to
replacing either Lift Station B-20 or Lift Station B-01 and construction a new re-pump station. In order
to determine the viability of this option, a site analysis was done first to determine if adequate space
was available to accommodate a larger pump station and an eiectrical building. Based on the initial site
analysis the determination was made that the B-01 lift station site lacks the space needed to
accommodate a new re-pump station. In addition, the B-01 lift station site is located in a visible
residential area and the aesthetics of the new station would most likely cause issues. The existing B-20
lift station site was evaluated and determined to have the space required to consider the construction of
a re-pump station for the system. In addition, the B-20 site is located off of the main road in an area
that would not cause aesthetic concerns.

B-20 Re-Pump Station Consideration

Currently, the B-20 lift station discharges through a 20” force main and manifolds in to the existing 24”
force main trunk line that run down South Patrick drive. Approximately 3.5 miles upstream of the B-20
lift station tie-in location is Lift Station B-19. If B-20 were converted into a re-pump station then Lift
Station B-19 would pump directly into the new B-20 Lift Station. The new B-20 lift station would then
re-pump all flow approximately 9 miles south to the South Beaches Regional WWTP. The potential
benefit of having the flow from B-19 re-pumped from Lift Station B-19 would be the reduction in total
head seen at both lift stations, reduction in overall energy consumption, and the reduction of overall
system pressure. In order to determine the extent of these benefits, a system model is being
developed. Once the modeling results are complete a determination can be made as to whether or not
the benefits of this aiternative is viable.
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4.3 New WWTP at B-20 Site

The USD has considered the option of constructing a new wastewater treatment plant in the South
Beaches service area that could produce reclaimed water for the customers located on the island, as
well as eliminate the need for a pipeline carrying raw wastewater. The concept is to develop the
property currently owned by USD at the B-20 lift station site into a new wastewater treatment plant
(WWTP) with the capability to produce reclaimed water as an effluent disposal method. The treated
effluent would then be pumped into the existing wastewater pipelines from B-20 to the South Beaches
WWTP. The reclaimed water could be utilized by customers along that route. Any reclaimed
wastewater not delivered to customers would be sent to the South Beaches WWTP for disposal in the
existing deep injection well(s). The following system improvements would be required for this
alternative:

e Construct 12” FM from B-01 to B-06 FM (in existing 24” HDPE conduit). This would allow the
raw wastewater from the B-01 basin to get to the South Beached WWTP

e Construct 6.0 MDG treatment plant at IHB site using similar design/layout from South Central
WWTP. This will provide consistency with operators and plant personnel

e Divert flows from B-19 and B-20 to new plant. The flow for B-20 already comes to the proposed
WWTP site, and all the flow from B-19 could be diverted with a short force main connection
from S. Patrick Drive to the new plant influent

e Pump reclaimed water using the existing 24” Riverside FM to the South Beaches WWTP. While
this pipeline currently has issues with main breaks, it would operate at a lower pressure than
current operating pressure. In addition, spills from a reclaimed line into the Indian River Lagoon
would be less harmful than a raw wastewater spill.

e Connect Riverside FM to existing injection well. Most reclaimed water is injected into a 2900 ft
deep injection well at the treatment plant site

e Connect S-06 & S-07 pumping stations to the B-19 FM eliminating re-pumping, and eliminating
need for upgrades to FM from S-06 to B-19

e Repurpose B-20 lift station to reclaimed water pump station. The influent

Currently Seven million gallons of wastewater is reclaimed every day at the South Beach plant and fewer
than two million gallons are used for beneficial purposes. Additional capacity at South Beach plant
provides opportunity for sewer service all the way to Sebastian Inlet (septic tank elimination). The
following table lists some advantages/disadvantages of a new WWTP at this location.
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Advantage

Disadvantages

Makes reclaimed water
available from Satellite Beach
to South Melbourne Beach

High Capital Cost

Lowers pressures on
beachside force mains

Proximity to ocean

Adds treatment capacity to

beachside system (4.5 MGD

required to complete service
area)

Vulnerable to Storms & Storm
Surge

Reclaimed water trunk line
and reclaimed pumping
station already in place

(Repurposed Riverside FM

and B-20 pumping station)

Elevation concerns (flooding)

Creates “fail-safe” for
Riverside force main break
(reclaimed water — not
sewage)

No pipelines to distribute the
water to users

A preliminary layout of a new WWTP is shown in Figure 9. This layout is similar to the technology used
at the S. Beaches plant, which will allow ease of operation for existing staff. Also, a conceptual cost

estimate has been developed and is shown in Table 6.
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New WWTP at B-20 Site
0% Conceptual Cost Estimate

N'JmE:"er SUMMARY OF PAY ITEMS QUANTITY| UNIT AVE;':AR%EEUN'T TOTAL AMOUNT I
|

1 Design 6.0 MGD Plant 1| Ls $1,600,000.00 $1,600,000.00§
2 6.0 MGD Plant 1| Ls $21,000,000.00 $21,000,000.00]
3 12" FM from B-01 to B-06 1| s $1,800,000.00 $1 ,aoo,ooo.oo{
4 Piping at South Beaches Plant 11 Ls $350,000.00 $350,000.00]
5 Piping Changes at B-20 1 LS $150,000.00 $150,000.00I
6 S-6 & S-17 Piping to B-19 FM 11 s $200,000.00 $200,000.00§
7 B-20 conversion to Reclaimed Water PS 1 LS $250,000.00 $250,000.00I
|

|

|

Sub-total $25,350,000.00§

Contingency (15%) $3.aoz,5oo.oo=

TOTAL*

$29,152,500.00




4.4 Off-Line Wastewater Storage at B-20

The South Beaches collection system experiences a large amount of inflow/infiltration. The gravity
collection system contains significant amounts of vitrified clay gravity pipe that has reached its design
life. Significant storm events place a burden on the system, and the existing pump station and force
main network becomes overburdened during large storm events. This can lead to SSO’s. In addition to
the system upgrades mentioned as options in this report, off-line storage of raw wastewater at the B-20
lift station site would provide some operational flexibility during periods of high flows and could
mitigate SSO’s daring these events. It would also provide additional flexibility when the station or force
main systems requires being taken out of service for maintenance or repair. The B-20 lift station has
insufficient wetwell storage, and the USD indicated that it overflows within 20 minutes of outage

The B-20 lift station site has adequate room for construction of storage holding tanks. Based on the
flows to B-19 and B-20 lift stations, two holding tanks of 1.5 million gallons each could be constructed on
the B-20 site. This would provide approximately one to one and an half day of storage. The
approximate dimension s of tanks of this size would be 25 feet high and with a diameter of 100 feet.

The tanks would be pre=stressed concrete tanks which are proven for the storage of wastewater.

The operational protocol for these tanks would be that they are always emptied completely each time
they are used. This ensures that storage capacity is available for the next rainfall event and also prevents
consolidation of sludge in the base of the tank.

Such tanks should incorporate the following features:

e Facilities for re-suspension of solids as the tanks are drawn down,

e Tank mixer unit or air/water scour pumps;

e Facilities for cleaning of the tank floor on draw-down of the contents, so sludge can be
automatically drawn off from the conical sump at the invert of the tank.

Raw wastewater storage will present some fundamental challenges, including aesthetics and securing
support from the neighborhoods adjacent to the B-20 site. Even though the tanks will be used
infrequently, these types of projects can be met with concern from the nearby residents.  Also, the
location of the site, while large enough for construction and operation of the tanks, is not ideal from a
vulnerability perspective. The proximity to the ocean makes the site vulnerable to the effects of
hurricanes and storm surge. A proposed site layout is shown in Figure 10, and a conceptual cost
estimate has been developed and is shown in Table 7 .
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Wastewater Storage at B-20
0% Conceptual Estimate

e SUMMARY OF PAY ITEMS QuANTITY| uniT |AVERAGEUNITI ror))  amount
Number PRICE
1 |Earthwork 1| s $500,000.00 $500,000.00}
2 [1.5 Million Gallon Concrete Tank 2| EA $1,750,000.00 $3,500,000.00f
3 |site Piping 1| Ls $450,000.00 $450,000.00f
4 |valves 1| Ls $250,000.00 $250,000.00]
5  |site Work 1| s $175,000.00 $175,000.00]
Sub-total $4,875,000.004
Contingency (15%) $731,250.00f
TOTAL* $5,606,250.00§




5.0 Recommendations

The proposed re-pump station is a viable alternative if Lift Station B-20 were at the end of its design life.

This scenario will lower the head in the system somewhat, but does not negate the need to upgrade the

force main on Riverside Drive. Any energy savings realized by lower head pumps at B-19 would be offset
by the energy requirement to re-pump the wastewater at B-20.

Constructing a new WWTP at the B-20 site would provide beneficial reuse to customers at the beach,
but the high capital cost of this option makes it impractical at this time. There are also concerns about
locating another WWTP in an area vulnerable to storms and storm surge.

Raw wastewater storage tanks at the B-20 site would provide additional flexibility for operation of the
system during significant rain events and for maintenance/repair, but there are significant chatlenges to
the siting of these tanks relative to the surrounding neighborhoods and the vulnerability of the site
location. Furthermore these tanks would not negate the need to upgrade the force main on Riverside

Drive either.

Sikiic

Therefore, based on the analysis of the pipe break data and the hydraulic modeling results, HDR
recommends at this time that the USD replace the section of 24” force main on Riverside Drive from
Banana River Drive south to the intersection of Oakland Ave and Riverside Drive, with 30” DI force
main. In addition, based on the results of the surge analysis report pressure surge tanks should be
installed at Lift Station B-19 and Lift Station B-20. If additional funding becomes available, the USD
should re-visit the options for off-line storage or a re-pump station, as these would improve operational
flexibility.

Furthermore, if additional operational flexibility is desired, USD should consider constructing the
interconnect between the two force main systems. This would require the upgrade of Lift Stations B-06
and B-07 but would improve the flow conditions in the B-19 system, while also providing operational
flexibility for main breaks or force main maintenance/repair. The interconnect could be operated in
either the normally closed or normally open condition, depending on the desired outcome. !f intended
to alleviate high pressures in the B-19 system, it could be operated in the normally open condition,
whereas if it is intended to be used as an alternate transmission main in certain scenarios then the valve

would be normally closed.
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Existing System Scenario: Major Components

Links: Pipes and Pumps

Pipes:

e B19_InfluenPipe: Gravity line flowing into B19. The length value of 1,000 LF does not affect
calculations.

e 20" DIP: Force main just down stream of B19 and runs from B19 and south along Riverside Drive.

e 20" PVC: Force main section down stream of 20” DIP and runs south along Riverside Drive.

e B20_Inflow_16": Gravity line flowing into B20. The length value of 1,000 LF does not affect
calculations.

e B20_18"FM: Force main section from B20 that ties into the 20”/24” at Riverside Drive.

e 24” PVC_1: Force main section down stream of B20 tie in and runs south along Riverside Drive.

e 24" DIP: Force main section down stream of 24”_PVC_1 and runs south along Riverside Drive.

e 24” PVC_2: Force main section down stream of 24”_DIP and runs south along Riverside Drive.

e B1 18"GravitySewer: Gravity line flowing into B1. The length value of 1,000 LF does not affect
calculations.

e 12”DIP_B1: Force main section from B1 that ties into the 20”/24” at Riverside Drive.

o 24" PVC_3: Force main section down stream of 24”_PVC_2 and runs south along Riverside
Drive.

e 24" DIP_2: Force main section down stream of 24”_PVC_3 and runs south along Riverside Drive
to the SBWRF.

Table 1 Force Main Attributes

2’DP 1200 100 DP 20 15491
i 20” PVC 1.75 110 PVC 20 2,981 i
| B20_18"FM o000 100 = opP 18 1000 |
wPvel 275 a0 P 24 2205
IZl_l"_DIP 2.75 100 - __D_IP ) 24 ________5,144_ :
‘24"pvc2 300 10 PVC 24 3590 |
12'DIP_B1 o000 10 D 12 150
24" pvC_3 1050 120 pPvC 24 13917
| 24”_DIP_2 ' 1950 100  DpIP 24 25730 7

Note: Influent gravity lines excluded from table, attributes are non-real world and do not affect model results.
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o Bl_P1:Llead pump for B1 pump station ABS AFP 1501310 mm, set open.

e B1l_P2: Lag pump for B1 pump station, ABS AFP 1501310 mm, set closed as B1 is a duplex
station.

e B19_P1: Lead pump for B19 pump station FLYGT C3231-63-430, set open.

e B19 P2:Llag pump for B19 pump station FLYGT C3231-63-430, set open as B19 is a triplex
station.

e B19_P3: Lag-lag pump for B19 pump station FLYGT C3231-63-430, set open as B19 is a triplex
station.

e B20_P1: Lead pump for B20 pump station FLYGT C3231-63-430, set open.

e B20_P2: Lag pump for B20 pump station FLYGT C3231-63-430, set open as B20 is a triplex

" station.
® B20_P3: Lag-lag pump for B20 pump station FLYGT C3231-63-430, set open as B20 is a triplex
station
Wet Wells:

e Bl WetWell: B1 wet well, depth elevation and low (4.5 ft) and high (11.5 ft) water levels set
based on asbuilts.

e B19_WetWell: B19 wet well, depth elevation and low (4.0 ft) and high (11.0 ft) water levels set
based on asbuilts.

e B20_WetWell: B19 wet well, depth elevation and low (4.4 ft) and high (8.1 ft) water levels set
based on asbuilts.

Reservoirs:

e SBWRF: South Beach Wastewater Treatment Plant, end of the force main system. Elevation set
based on County provided information on bar screen high water elevation at the headworks.
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South Section:
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Existing System: EPAnet Model Assumptions,
Inputs and Notes

EPAnet Version 2.0, Build 2.00.12

Friction Equation: Hazen Williams

Flow: GPM

Energy Price: $0.06 / kw-hr

Assume elevations on asbuilts are NGVD29, NGVD29 used in model.
B19 Lift Station:

1. Wet well (information from asbuilts)
a. Elevation = -15.2 (wet well bottom invert)
b. Initial / Minimum Level = 4 ft, -11.2 ft elevation
c. Maximum = 7.7 ft, Elev -7.5 ft 16-inch pipe influent invert
d. dimensions: 12.5 ft by 28.0 ft (diameter equivalent = 21.5 ft)
Triplex with twa running, one standby
Inflow = 2,000 gpm (estimate from February 6, 2010 Report)
Pumps = FLYGT C3231-63-430 (from CH2MHill Report)
Pipe Discharge Center Line Elev = 4.4 ft (asbuilts)

ok N

20" DIP&PVC = 18,473 LF (from CH2MHill Report)
20" DIP FM

1. Length: 15,491 LF
2. Top of Pipe Elevation =
a. 2.0 ft (from asbuilts, starting elevation near B19)
b. 0.0 ft (from asbuilts, elevation at Desoto Pkwy)
C=100
Diameter = 20 inches
5. Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a totat of 16, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 8, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 12

> w

20" PVC FM

1. Length: 2,981 LF (based on Jeff C markups of PVC iength on map)
2. Top of Pipe Elevation = 0 ft (from asbuilts, tie-in elevation with B20)
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3. C=110

4. Diameter = 20 inches

5. Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 3, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 1, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 1.75

B20 Lift Station:

1. Wet well (from asbuilts)
a. Elevation = -14.6 (wet well bottom invert)
b. Initial / Minimum Level = 4.4 ft, -10.2 ft elevation
c. Maximum = 8.1 ft, -6.5 ft 16-inch pipe influent invert
d. dimensions: 12.5 ft by 29.0 ft (diameter equivalent = 21.5 ft)
Triplex with two running, one standby
Inflow = 3,500 gpm (estimate from CH2MHill Report)
Pumps = FLYGT C3231-63-430 (from CH2MHill Report)
18" DIP from B20 to tie in with 24" FM, 1000 LF approximate, 5.0 ft elev, approximate

oA wN

24" PVC FM

Length: 2,205 LF (based on Jeff C markups of PVC length on map)

Top of Pipe Elevation = -2.0 ft (from asbuilts, near Banana River Dr)

C=110

Diameter = 24 inches

Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 3, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 1, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 2.75

Oh N =

24 DIP FM (north segment)

Length: 5144 LF (based on Jeff C markups of DIP length on map)

Top of Pipe Elevation = 2.0 ft (from asbuilts, near bend in roadway)

C=100

Diameter = 24 inches

Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 5, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 1, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 2.75

oA LN =2

24" PVC FM (from 24" DIP north section to B1 tie in)

Length: 3,590 LF (based on Jeff C markups of PVC length on map)
Top of Pipe Elevation = 2.0 ft (from asbuilts, near Coral Way West)
c=110
Diameter = 24 inches
Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 4, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 2, Coeff 1.00 each

[
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c. Total Minor Loss Coeff Assumption = 3.00
B1 Lift Station:

1. Wet well (information from asbuilts)
a. Elevation = -15.40 (wet weii boitom invert)
b. Initial / Minimum Level = 4.5 ft, -10.9 ft elevation
c. Maximum = 11.5 ft, Elev -3.9 ft 18-inch pipe influent invert
d. dimensions: 10 ft diameter
Duplex with one running, one standby
Inflow = 600 gpm (estimate from CH2MHill Report); 800 gpm and 1,000 gpm (analyzed)
Pumps = ABS AFP 1501 310 mm (from CH2MHill Report)
Pipe Discharge Center Line Elev of 12-inch = 4.25 t (asbuilts)

ok~ wN

24" PVC FM (from B1 tie in to 24" DIP Transition)

Length: 13,917 LF (based on Jeff C markups of PVC length on map and CH2MHill Length)
Top of Pipe Elevation = 2.0 ft (from asbuilts, near Coral Way West)
C=110
Diameter = 24 inches
Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 14, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 7, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 10.50

g WN -

24" DIP FM (southern segment to plant SBWRF)

Length: 25,730 LF (based on CH2MHill Length)

Top of Pipe Elevation = 2.0 ft (from PBSJ asbuilt at Oakland)

C=100

Diameter = 24 inches

Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 26, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 13, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 19.50

SARE S

SBWRF: Elevation 33.814 ft (32.4 ft NAVD88)

To note, only pump stations noted above were incorporated into the model. “Smaller” stations were not
included in the model or analysis.
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TECHNICAL MEMORANDUM

Date: 15 December 2017

Revision: Version 2 (Draft)

To: Jett Crigler (HDR)

From: Johnathan D. Nault and Djotdje Radulj (HydraTek)

Subject:  Hydraulic Transient (Surge) Analysis
South Beaches Lift Stations and Forcemains, Brevard County

INTRODUCTION

HydraTek & Associates (HydraTek) has been retained by HDR Inc. (HDR) on behalf of Brevard
County Utility Services (County) to conduct a hydraulic transient (surge) analysis of the South Beaches
sewage forcemain system located in Brevard County, Florida. The objectives of the analysis are to (1)
support an Investigation into previous forcemain failures, including reviewing transient pressute
monitoring field data, and (ii) support the design of system upgrades while recommending alternatives
for reducing the hydraulic transient (surge) risk in the system.

The South Beaches system features two separate forcemains — the larger east forcemain and the smaller
west forcemain. The east system has roughly 69,000 ft of 20-inch to 24-inch diameter forcemain with a
combination of PVC and ductile iron pipe, and it is supplied by a seties of large and small pumping
stations, the key ones of which are the larger Lift Stations B-19, B-20, and B-1. The west forcemain
system comprises neatly 25,000 ft of 20-inch diameter PVC pipe and 24-inch diameter ductile iron
pipe, and it too is supplied by a combination of latge and small lift stations with Lift Stations B-6 and
B-7 representing the primary supply. Both systems convey wastewater to the South Beaches
Wastewater Treatment Plant (WWTP) located in Melbourne Beach at the south end of the County.

This work primarily concerns the east system that has, in recent years, experienced a number of
forcemain (pipe) breaks. Most of these have been concentrated at the PVC sections of the forcemain,
and previous work by others suggests that the breaks are predominantly caused by impropetly installed
pipe. Transient (surge) pressures resulting from pump start and stop operations ate thought to be
contributing to the failures. To better understand the likely source of the forcemain failures and assess
whether transient pressures are related thereto, HDR was retained by the County to review previous
studies of the system, conduct a transient pressure monitoring exercise (petformed by Blacoh
Industries; Blacoh), and analyze alternatives for improving the system.

Based on the previously completed review, HDR has proposed that approximately 17,800 ft of 24-inch
diameter PVC forcemain along North Riverside Drive from Eau Gallie Boulevard to Oakland Avenue
be replaced with 30-inch diameter ductile iron pipe and that Lift Station B-1 be upgraded in otder to
better operate with the larger pumps at Lift Stations B-19 and B-20. An interconnection between the
east and west forcemain systems is also being considered along either Riverside Drive or along 2™
Avenue (though this has yet to be finalized). In facilitating the design of the proposed upgtrades while
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supporting HDR’s investigation, this repott presents the results of a hydraulic transient (surge) analysis
of the existing South Beaches forcemain system and proposed upgtades.

REFERENCE INFORMATION

Hydraulic steady-state and hydraulic transient (surge) models wete developed to facilitate the hydraulic
transient analysis using the following information provided by HDR:

Plan and Profile Drawings

e South Patrick and Indian Harbour Beach Force Main Interconnection record drawings showing
original forcemain installation by Stottler Stagg & Associates, dated February 1986;

® South Patrick Drive Forcemain Relocation as-built drawings showing 20-inch and 24-inch PVC
forcemain installation by Brevard County Water Resoutces Depattment, dated January 1997,

e South Beaches 24-inch HDPE Force Main Replacement record drawings showing 24-inch PVC
and DI forcemain installation by PBS&]J, dated June 2006; and

® South Beaches drawing index sketch, received from HDR on 03 June 2017.

Lift Station Drawings

® South Patrick Regional Pumping Station (Lift Station B-19) record drawings by Stottler Stagg &
Associates, dated February 1986;

® Indian Hatbour Beach Regional Pumping Station (Lift Station B-20) record drawings by Stottler
Stagg & Associates, dated February 1986;

® South Beaches Lift Station B-01 Reconstruction and Connection to Regional Fotce Main final
design drawings by Brevard County, dated 15 October 1992; and

o Lift Station B-1 60% Design Submission Drawings by HDR, dated November 2017.
Pump Performance Curves
e Flygt C3231-63-430 pump cutves for Lift Stations B-19 and B-20, dated 02 March 2002;

e ABS AFP 1501 60 Hz pump cutves for existing Lift Station B-01, dated 28 September 2007; and

e Xylem NP 3202 HT 3-466 pump cutves for proposed Lift Station B-01, received from HDR on
16 November 2017.

Reports and Other Data

® South Beaches Regional Wastewater Treatment Facility Hydraulic Profile (sheet M-7) record
drawing by Stottler Stagg & Associates, dated 20 July 1988;

® South Beaches Sewer Force Main Draft Surge Analysis repott by PBS&], dated October 2005;

e Expert Opinion of Scott C. Williams, PE, on a Construction Project Known as B-6 Lift Station
and Force Main Modifications by CH2M Hill, dated 16 February 2010;

¢ Brevard County Utility Services Depattment AWWA C905 DR25 PVC Force Main Pipe Samples
failure review report by Diamond Plastics, dated 18 August 2015;

® Pipe break map for the east forcemain system by Brevard County, dated 02 June 2016;

® Review of Previous Pipe Failure Data and Surge Reports Technical Memorandum by HDR,
dated 07 April 2017;

Hude=Tals o~



Hydraulic Transient (Surge) Analysis 15 December 2017
South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)

e BO1 Pump Station Analysis EPANET Model, Results, and Assumptions report by HDR, dated
15 June 2017;

® South Beaches Wastewater Treatment Plant service area schematic showing lift stations and
typical flows, received from HDR on 31 October 2017;

e South Beaches System Map by Brevard County, received from HDR on 03 June 2017; and

e Transient pressure monitoring data at LSs B-19 and B-01 for the petiod of 26 September 2017 to
25 October 2017 by Blacoh.

SYSTEM DESCRIPTION AND ANALYSIS METHODOLOGY

The following sections desctibe the South Beaches forcemain system and how they are modeled. The
system is described first, followed by a discussion of the model development. In developing the
hydraulic transient model, some assumptions were made of the key factors that affect the response of
the system: these are discussed whete appropriate. Finally, the transient analysis scenatios are listed
before presenting and discussing the results.

East and West Forcemain Systems

Figure 1 on the following page illustrates a schematic of the South Beaches system (excluding the
smaller lift stations). The larger east forcemain spans Sea Park Boulevard at the notth to the South
Beaches WWTP at the south, and it is primarily supplied by three lift stations. Lift Station B-19 (the
South Patrick Regional Pumping Station) is the north-most facility, and it has three dty-pit centrifugal
pumps, each with a motor soft-starter. Lift Station B-20 (the Indian Hatbour Beach Regional Pumping
Station) is situated in the middle. Like Lift Station B-19, lift station B-20 featutes a similar configuration
with three dry-pit pumps with motor soft-starters. Lastly for the east system, the somewhat smaller Lift
Station B-1 is the south-most facility with two submersible wet-pit pumps. Following the proposed
upgrades, Lift Station B-1 will still have two latger pumps and a similar artangement. All pumps at all
lift stations are constant speed pumps.

Figure 2 on the subsequent page shows the centetline profile for the east forcemain system, including
the location of the proposed 30-inch forcemain upgrade from Eau Gallie Boulevard to Oakland
Avenue. The west forcemain system spans 2°¢ Avenue at the north to the WWTP at the south, and it is
supplied by Lift Stations B-6 and B-7, both of which feature similat configurations to Lift Station B-1
and each have two submersible wet-pit centtifugal pumps. All of the pumps at each lift station are
equipped with a tilted disc check valve.

Operationally, the number of pumps on at each facility is controlled by the level in the facility’s wet
well. Table 1 lists the elevations and corresponding levels for each lift station based on the information
provided by HDR. Each pump starts against a closed check valve, and the pump’s flow develops as the
systemn’s static head is overcome. For the pumps at Lift Stations B-19 and B-20, the ptrevious hydraulic
transient analysis by PBS&] notes that the pump’s motor soft-starters have a 30 s ramp duration for
pump starts and stops. Motor soft-starters provide electrical control and, depending on the dtive type,
occasionally some albeit limited hydraulic control for pump starts and stops by limiting either the
motor voltage or current. Though each station is designed to provide its nominal tated flow at firm
capacity (that is, with all pumps on except for the largest pump), it is understood that, on occasion, a
station may operate at full capacity with all pumps on (e.g., duting periods with latge inflow and
infiltration from heavy rainfall, Lift Station B-19 may operate with three pumps on).
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Figure 1: Schematic of South Beaches east and west forcemain systems
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Table 1: Lift station wet well elevations and levels

) Elevation (ft) Level (ft)

Location

B-19 | B-20 | B-1 | B-6* | B-7* | B-10 | B-20 | B-1 | B-6* | B-7*
Wet well invert -15.2 | -14.6 | -154 | -154 | -15.4 | 0.0 0.0 0.0 0.0 0.0
Pumps off 92 | -86 | -124 | -124 | -124 | 6.0 6.0 3.0 3.0 3.0
Inlet pipe invert -75 | 65 | 94 94 | 94 | 7.7 8.1 6.0 6.0 6.0
Lead pump -62 | 6.1 | -64 | 64 | -64 9.0 8.5 9.0 9.0 9.0
Lag pump 1 42 | 51 ) -54 | -54 | 54 | 110 | 95 | 100 | 100 | 100
Lag pump 2 32 | 45 - - - 120 | 101 . - -
High alarm 22 | 41| 24 | 24 | -24 | 13.0 | 105 | 13.0 | 13.0 | 13.0
Top of wet well 7.7 7.1 8.5 8.5 85 | 229 | 21.7 | 239 | 239 | 239

* Elevations for B-6 and B-7 assumed to be as shown in HDR's EPANET model, and levels assumed as per those for B-1.

Hydraulic Model Development

The hydraulic transient (surge) analysis was performed using Bentley’s HAMMER v10 software
package. HAMMER is based on the proven method of characteristics solution of the governing watet
hammer equations, and it has been used for numerous projects globally for over a decade. To facilitate
the numerical modeling analysis, a hydraulic model (shown in Figure 3) was developed using the
information provided by HDR, namely the forcemain as-built drawings, pump petformance curves,
and previous analysis reports. Intermediate nodes were also added at local high points, local low points,
and other key locations, such as transitions between pipe matetials. Because the east forcemain system
1s the primary subject system (the west system is only concerned for scenarios with the east-west system
interconnections), intermediate nodes at points of interest along the west forcemain were not modeled.

In developing the hydraulic transient model, some key assumptions were made to facilitate the analysis.
The system pipes were modeled using their nominal diameters. The smaller lift stations (which are not
shown in Figure 1) were omitted from the analysis, for they represent rather small flows compared to
the larget Lift Stations B-19, B-20, and B-1 (and similarly B-6 and B-7 for the west system). A Hazen-
Williams roughness (C-factor) of 110 was used for all existing piping due to their age, and a roughness
factor of 140 was used for all new piping — the latter assumption is generally consetvative for hydraulic
transient analyses due to simulating larger initial flows and thus larger changes in hydraulic states.
Futther, the lift stations’ levels were considered as either the low water level (LWL) and the high water
level (HWL): the former cottesponds to the “pumps off” level listed in Table 1, while the HWL. values
correspond to the higher lag pump start elevation (e.g., -3.2 ft for Lift Station B-19). Regarding the
downstream boundary condition, the WWTP hydraulic profile schematic shows a submerged inlet
condition fot the forcemain. The WWTP is thus represented as a constant head reservoir with an
elevation of 30.5 ft based on the LWL from the plant’s hydraulic profile. Further assumptions were
made mn addition to those discussed above; these pettain to the pump propetties, system wave speeds,
and surge protection, which are discussed in the following sections.

Pump Properties

Pump properties such as size and speed are key parameters that directly affect the steady and transient
hydraulics (flows and pressutes) of a pumping system. Table 2 lists the properties of the pumps at each
lift station. The combined rotational mass moment of inertia of a pump and its motor are the other key
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factor that affects the transient response of a pumping system. Under a power failure condition at a
pump station, a pump with greater total inertia will take a longer time to completely rundown (i.e., push
watet through the system) than will 2 pump with a lower total inertia. The manufacturer values for
pump inertia wete not readily available for this analysis, so the radius-based (WR?) pump inertia was
estimated for each pump based on empirical relations - these values are also listed in Table 2. Because
the total moment of inertia is occasionally a ctitical parameter to the hydraulic transient response of a
systemn, a sensitivity analysis of these values is conducted.

Table 2: South Beaches forcemain system lift station pump properties

_ pumg Rated |Rated | Rated | Rated Esfriz:;ed
System[Facility] D Status | Manufacturer and Model |Flow*Head¥Power|Speed Inertia
(GPM) (@) | () | Pm) | o
1 | Existing Flygt C3231-63-430 3,643 [147.0] 185 | 1,780 | 7538
B-19 | 2 | Existing Flygt C3231-63-430 3643 | 1470 185 | 1,780 | 758
3 |Existing |  FlygrC3231-63-430 | 3643|1470 185 | 1,780 | 758
1| Fxisting Flygr C3231-63-430 | 3,643 [147.0| 185 | 1,780 | 758
B20 | 2 | Existing Flygt C3231-63-430 | 3643 | 1470| 185 | 1,780 | 7538
Hast 3 Emstmg' Flygt C3231-63-430 3,643 | 147.0| 185 | 1,780 | 758
| 1 |Exising| ABSAFP1501,310mm [1,698[1080| 70 | 1785 | 20.4
oo L1 s e it s[5 27| 70| 178 | 7
2 |Existing | ABSAFP1501,310mm | 1,698 1080 | 70 | 1785 | 204
2 |Proposed| Flypt NP 3202 HT 3~466 | 1,093 |1427| 70 | 1,775 | 167
o | L |Existing | ABSAFP 1501, M430/4-44 [ 1,600 | 906 | 60 | 1,775 [ 156
Wer || 2 | Existing | ABS AFP 1501, M430/4-44 | 1,600 | 906 | 60 | 1,775 | 156
O P | Eisting | ABS AFP 1501 R25076-42.50 | 1,125 | 41.0 | 20 | 1,180 | 9.1
2 | Existing | ABS AFP 1501 R25076-42.50 | 1,125 | 41.0 | 20 | 1,180 | 91

* At the best efficiency point (BEP) on the pump’s performance curve.
1 Based on the empirical relations presented in Fluid Transients in Pipeline Systems, 2" Ed. (Thotley, 2004).
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Pipe Class and Wave Speed

Pipe matetial and pipe class (i.e., pressute rating) play an important role in the transient response of
pumping systems. The higher the rating of the pipe, the greater its working pressure rating, and the
greater the upper limit against transient (i.e., surge) pressures. Pipe rating is affected by a number of
factors, including impetfections from manufactuting, damage sustained during installation or use (e.g.,
construction ot cotrosion), depth of installation, and fatigue from repetitive pressure cycling. For
hydraulic transient analyses, the total pressure rating of a pipe (that is, the sum of its working pressure
rating and the pipe’s surge allowance) is typically used as a maximum design limit or upper bound.

Another key parameter that affects the nature and magnitude of transient pressures is the wave speed.
The wave speed (sonic speed through a liquid) of a system depends on both the nature of the fluid
(e.g., density, ait content) and on the elasticity of the pipe wall. The more elastic the material and the
thinner the pipe wall, the more storage a pipe can provide to excess water being compressed and the
lower the wave speed. Matetials such as ductile iron, concrete pressure pipe, and steel typically produce
higher wave speeds and mote significant upsurge pressures; comparatively, more elastic materials (e.g.,
PVC, HDPE) tend to have lower wave speeds with milder upsurge pressures, yet they are often less
stiff and prone to longer downsurge pressure dutations. This trade-off means that neither classification
of pipe is better than the other. Additionally, the interaction between different pipe materials having
different wave speeds can also lead to a wotse transient response — this is particularly the case for
systems such as the South Beaches forcemains, which comptise both ductile iron and PVC pipe.

Table 3 on the following page lists the nominal pipe sizes, pipe matetials and classes, and wave speeds
consideted in this analysis. From discussions with HDR, it is understood that the existing PVC
forcemain pipe has a working pressure rating of 100 psi — this corresponds to DR41 PVC pipe with a
total (working plus surge) pressure rating of 160 psi and an estimated wave speed of 850 ft/s.
Thetefote, all PVC pipe is assumed to be DR41 for this analysis. The pressure class of the ductile iron
forcemain was not available at the time of this analysis. Accordingly, it is assumed to be Class 150, the
lowest available for ductile iron pipe, which has a working pressure rating of 150 psi and a total
pressure rating of 250 psi. The wave speed for ductile iron pipe typically ranges from 3,600 ft/s to
4,000 ft/s, so an average value of 3,800 ft/s is adopted here. A review of Blacoh’s transient pressute
monitoring data (which is discussed later) also suggests that the system wave speed varies with the
system condition (numbet of pumps on, opetating pressures and flows) — this is typical of forcemain
systems, which often have vatying amounts of entrapped and dissolved gases that affect the wave
speed. Additionally, pipe wall thickness, the material Poisson ratio, joints, and the restraint conditions
(2s imposed by thrust and joint restraints, anchoting, and expansion joints) also affect the wave speed.
For instance, a pipe that is sufficiently restrained at both ends will have a higher wave speed than one
with anchoting at one end or none at all. The exact details of these properties are not known for the
South Beaches system though, so no adjustments are made to consider these and the basic wave speed
assumptions are utilized. Furthermore, sensitivity tests are performed for the assumed wave speed
values to explore whether they are indeed a critical parameter.

Existing Surge Protection

Surge protection devices ate intended to alleviate otherwise excessively high or low pressures in
pressutized pipe systems. The as-built drawings for Lift Stations B-19 and B-20 show that each has a 6-
inch surge control valve located on the discharge header, though the specific type and function of the
valves is not known. In addition to the sutge valves, the as-built drawings for the forcemains show air
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valves at a small number of high points from Lift Station B-19 to the WWTP. From discussions with
HDR, the surge valves at Lift Stations B-19 and B-20 are presently isolated and thus not used, and the
ait valves along the forcemains are 2-inch nominal diameter air release valves — that is, the air valves are
small outflow only air valves that do not provide vacuum protection. Altogether, the existing South
Beaches forcemain system effectively does not feature dedicated surge protection.

Table 3: South Beaches forcemain pipe pressure ratings and wave speeds

Nominal Working | Total Wave
A ) Pipe Material | Pressure | Pressure v
System |Section Diameter . . Speed
) and Class Ratin Ratin
(in) P & | @/s)
(psi) (psi)
; i Ductile Iton, ;
Lift Station B-19 to Desoto 20 150* 250 3,800
Class 150*
Desoto to Anchor 20 PVC,DR41* 100 160 850
Anchor to Banana River 24 PVC, DR41° 100 160 850
Banana River to Fau Gallie 24 Poctle I“’f’ 150% 150% | 3,800
Fast Class 150
Eau Gallie to Oakland (Existing) 24 PVC, DR41" 100 160 850
Ductile Iron,
Eau Gallie to Oakland (Proposed) 30 class to be 150%* 250* 3,800
determined
Oakland to WWTP 24 Ductile Iron, | 150, | 250« | 3,800
AR Class 150* g
Lift Station B-6 to 1** Avenue 20 PVC, DR41* 100 160 850
West i
“" 1% Avenue to WWTP 24 | Ductlelron, | o0 | oo {35800
Class 150*

* Because the class of ductile iron pipe is not known for this system, it is assumed to be class 150 with a working pressure
rating of 150 psi and total (operating plus surge) pressure rating of 250 psi.

+From discussions with HDR, it is understood that the existing PVC pipe has a working ptressute rating of 100 psi. This
cotresponds to DR41 PVC pipe, which is assumed for all PVC pipe in the system.

It is also worth briefly mentioning the previous hydraulic transient (surge) analysis performed by
PBS&] in 2005. At the time of PBS&]J’s analysis, the status of the existing surge valves at Lift Stations
B-19 and B-20 is not clear, and PBS&J’s tepott does not list any other forms of existing surge
protection in the system. Results from the analysis suggest that, without dedicated surge protection,
negative pressures reaching full vacuum are problematic along the fotcemain. To alleviate such
conditions, PBS&]J discusses two alternatives: installing combination air valves (CAVs) along the
forcemain at critical locations, of installing surge tanks at the lift stations. From discussions with HDR,
it is undetstood that neither of these recommendations has been implemented.

Transient Events

While most systems are often subjected to a vatiety of risks resulting from hydraulic transients, the key
for the analysis and design against unsteady flow (surge, transient, or watet hammer conditions) comes
down to the selection of an apptoptiate design event or design events. In this system, the primary
transient conditions arise from three events: operational changes (ie., routine pump or valve
operations), pipe failures (i.e., forcemain bteaks), and power failures at the lift stations. The risks from

Rurlre=Tol Paoe 10



Hydraulic Transient (Surge) Analysis 15 December 2017
South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)

routine pump or valve changes and other planned events (e.g., filling or draining) can be minimized and
accommodated through proper operator training and by ensuting that these changes evolve over a
moderate period of time. Pipe breaks are almost impossible to predict in any detail, are more difficult to
control, and can result in negative pressure sutges that yield subsequent pipe breaks. The key to
minimizing the impact of such an event (in both water supply and wastewater systems) is providing
adequate system storage, or in very large systems, pressurized vessels (i.e., sutge tanks). Powert failure
events are often the most problematic. They can occur under almost any opetating condition; as a
result, the key transient protection challenge likely comes down to a power failure event at the source
lift stations (i.e., Lift Stations B-19, B-20, B-1, B-6, and B-7). This design event is a suitable choice
because power failures are, by their very nature, unpredictable. They are inevitable over the long life of
pumping systems, and they are excellent surrogate design events for gauging a system’s response to
routine and non-routine pump trips, starts, and stops, and in some cases, pipe breaks.

When a power failure occurs, there is an immediate deceleration of the pump rotor and a dectease in
the rate that fluid 1s forced into the associated pipe segment. This reduction of inflow creates a mass
imbalance in the associated pipe, since the downstream end is not immediately informed of the loss of
power. The net effect is a low-pressure wave that propagates through the pipe system untl it is
eventually reflected back at the downstream end. The reflected wave essentially sends a signal back to
the pump and repeats the cycle, a process that eventually and gradually brings about a new equilibrium
in the system. This is essentially a “conversation” between the ends of the system that takes place
through a series of pressure wave propagations. Eventually, these pressure waves are dissipated by
friction and other energy losses, and a new steady-state is established.

From a design perspective, thete are three immediate challenges associated with power failure events.
The first is the downsurge that immediately follows pump stoppage: this low-pressure wave can
potentially collapse a “weak” or under-designed pipeline or allow an intrusion event to occur at
susceptible points in the system. The second risk atises from the return surge that is generated from the
reflected wave at the downstream end of a system. This reflected wave, refetred to as a “return
upsurge”, actually increases pressutes in the line, possibly to values that can considerably exceed the
original steady-state or equilibrium levels experienced before the power failure. Unless propetly
controlled, the resulting transient pressures create either a risk of pipe failure or a need for much
stronger pipes (i.e., thicker pipe walls, resulting in a higher pipe pressure rating and greater cost). Lastly,
power failures can also create an upsurge event at the upstream (suction) line of the source pumping
station. The effect of the upsurge at the suction side generally depends on the type of pumping station.
In a “true” pumping station (such as Lift Station B-19), the upsurge is typically mitigated by the
presence of a wet well and/or a shott length of pipe.

Although power failures are likely the governing transient event, significant transient pressures can still
arise from other source events. If not adequately controiled, the transient pressures resulting from
routine pump starts and stops, which are more frequent than power failures, may be considerable; thus,
it is worthwhile verifying that power failures are indeed the governing event. Under normal operating
conditions, routine pump starts and stops at Lift Stations B-19 and B-20 are performed using the
pumps’ motor soft-starters. Based on information provided by HDR, pump start (and stop) operations
involve starting (or stopping) a pump using its motor soft-starter with a 30 s ramp duration. Again,
motor soft-starters can provide some (albeit limited) hydraulic control for pump start and stop
operations depending on the drive type, so here routine starts and stops ate represented using a linear
torque ramp. The pumps at the remaining Lift Stations B-1, B6, and B-7 are simply started (and
stopped) as an across-the-line operation with no hydraulic nor electrical control.
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From the above, the following events are considered in the hydraulic transient analysis:

o Global power failure of all lift stations,
e Local power failure of select lift stations, and
® Routine pump starts and pump stops.

The pump start and stop operations at Lift Stations B-19 and B-20 are reptresented by a linear torque
ramp having the same 30 s duration as the motor soft-starters. Soft-starters limit either current or
voltage, thereby allowing power and thus torque to gradually adjust to the operating condition.

Analysis Scenarios

A total of 35 scenarios were simulated to explore the hydraulic transient (sutge) response of the system
under different conditions. They consider various combinations of the system state (existing, proposed
upgrades, and potential east-west system interconnection), number of pumps initially on, wet well
levels, transient event (global or local powet failure, pump operations), and surge protection.

The first group of scenatios (Scenarios 1A through 5B; Table 4) concerns the existing east forcemain.
These scenatios ate intended to support the investigation into previous east forcemain failures, and
they explore the system response to global power failure events under full capacity (Scenatios 1A and
1B), local power failures at Lift Stations B-19 (Scenatio 2) and B-20 (Scenario 3), and routine pump
operations at Lift Stations B-19 (Scenarios 4A and 5A) and B-20 (Scenarios 4B and 5B). Scenarios 2
through 5B considert HWLs at the lift stations, for this yields the largest initial flow and thus likely the
greatest potential for extreme pressures.

Table 4: List of hydraulic transient analysis scenarios for existing conditions without surge protection
. | Patent No. Pumps Well
Scenario Scenatio | B-19 | B.20 | B1 4 B6 | B.7 | Levels System Event+

1A - 3 3 2 - - HWL | Existing | Global Failure

1B 1A 3 3 2 - - LWL | Existing | Global Failure

2 - 3 0 0 - - HWL | Existing Local Failute

3 - 0 3 0 - . HWL | Existing Local Failute
4A - 1* 0 0 - - HWL | Existing | B-19 Pump Start
4B 4A 0 L 0 - . HWL | Existing | B-20 Pump Start
5A - 1 0 0 - - HWL | Existing | B-19 Pump Stop
5B 5A 0 1 0 - - HWL | Existing | B-20 Pump Stop

* Pump start with pump initially off.

The second set of simulations (Scenarios 6A to 17B; Table 5 on the following page) explotes the
hydraulic transient response of the system with the ptoposed 30-inch ductile iron forcemain
teplacement, proposed Lift Station B-1 upgrades, and no sutge protection. Scenatios 10 and 11 in
particular consider interconnections between the east and west forcemain systems on North Riverside
Drive and 2™ Avenue, respectively; the rational for these two scenatios is to test the potential hydraulic
transient benefits (or detriments) of intetconnecting the two systems. Scenarios 12 through 15 ate
sensitivity tests of key parameters, including wave speed, pump inertia, and vapor cavity formation.
Additional simulations (Scenarios 16A to 17B) were petformed for routine pump starts and stops at
Lift Stations B-19 and B-20.

=)=

vdraTek

Page 12



Hydraulic Transient (Surge) Analysis 15 December 2017
South Beaches Lift Stations and Forcemains, Brevard County Vetsion 2 (Draft)

Table 5: List of hydraulic transient analysis scenatios for proposed conditions without sutge protection

. | Parent No. of Pumps Well . B
Scenario . System Event* | Sensitivity
Scenario| B-19 | B-20 | B-1 B-6 B-7 | Levels
6A X 3 3 2 : 4 HWL | Pr.Upgrades | GPF g
6B 6A 5 2 1 - s HWL Pr. Upgrades GPF
7A - 3 3 2 = - LWL Pr. Upgrades GPF 4
7B TA 2 2 1 S LWL Pr. Upgrades GPF
8A = 3 0 0 = - LWL Pr. Upgrades GPFE -
8B 8A 2 0 0 - - LWL Pr. Upgrades GPF <
9A - 0 3 0 - - LWL Pr. Upgrades | GPF =
9B 9A 0 2 0 - - | LWL | Pr.Upgrades | GPF -
10 7A 3 3 2 2 2 T Aivessider dpbenr d
Interconnection
11 7A 3 3 2 2 2 LWL o GPF .
Interconnection
Worst +10% Wave
" i 3 -
12 GDF 0 3 0 LWL Pr. Upgrades GPF Soeed
Worst -10% Wave
13 0 3 0 = = LWL, Pr. Upgrades b .
3 GPF 1R Pr. Upgrades GPF Speed
Worst 50% Pump
14 GPF 0 3 0 - - LWL Pr. Upgrades GPF e
Worst No Vapor
15 GPF 0 3 0 - - LWL Pr. Upgrades GPF Cavities
Pump
A L * 3 -, -
16A 1 0 0 HWL Pr. Upgrades Geint
Pump
16B 0 1 0 HWL Pr. Upgtrades -
' Pump
o * 2 ‘s o
16C 0 0 1 HWL Pr. Upgrades | Start
17A 1 0 0 : HWL | Pr. Upgrades | L°mP -
) ) - Lpgra Stop
Pump
17B ol = 0 1 0 - - HWL | Pr. Upgrades Stop -
17C : 0 0 1 - - | HWL | Pt Upgrades PS‘;HF -

* Pump start with pump initially off.
+GPF = global power failure, LPF = local power failure.

The aforementioned scenarios (Scenatios 1A through 17B) conservatively consider no dedicated surge
protection. The remaining Scenarios 18A to 20 (Table 6 on the following page) explore the potendal
benefits of installing dedicated sutge protection, namely CAVs at critical locations to alleviate the
formation of vapor cavities (Scenatios 18A to 19B) and surge tanks (i.e., hydropneumatic air chambers
or HACs) at the larger Lift Stations B-19 and B-20 (Scenarios 20A to 20D). The latter set of scenarios

are mainly intended to demonstrate the potential benefits of installing HACs with bladders.
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Table 6: List of hydraulic transient analysis scenatios for proposed conditions with surge protection

Scenario | Parent Scenario System Pow](;rf:tﬂute Surge Protection
18A Worst Base No. 1 Pr. Upgrades ~ Global 2-inch Standard CAVst
18B Worst Base No. 2 Pr. Upgtades Global 2-inch Standard CAVst
19A Worst Base No. 1 Pr. Upgrades Global 2-inch 3-Stage CAVst
19B Wortst Base No. 2 Pr. Upgrades Global 2-inch 3-Stage CAVst
20A Woerst Base No. 1 Pr. Upgrades Global HAC* at B-19
20B Worst Base No. 1 Pr. Upgrades Global HAC* at B-20
20C Worst Base No. 1 Pr. Upgrades Global HAC* at B-1
20D Worst Base No. 1 Pr. Upgrades Global HAC:s at B-19 and B-20

+GPF = global power failure, HAC = hydropneumatic air chamber (pressutized surge tank).
1 CAVs at select citical locations.
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ANALYSIS RESULTS AND DISCUSSION

The following sections present and discuss the hydraulic transient (sutge) analysis tesults. The initial
discussion concerns the field monitoring data and simulation results for the existing east fotcemain
system, while subsequent sections discuss the results for the proposed upgtades, including altetnatives
for surge protection. Further, Appendix A contains a tabular summary of the modeling results,
including initial lift station flows, the maximum predicted pressures, and the maximum predicted
air/vapor cavity volumes; graphical results in the form of hydraulic grade line (HGL) profiles are also
provided in Appendix B for the forcemain path from Lift Station B-19 to the WWTP. Lastly, Appendix
C contains excerpt plots of the field monitoring data with Blacoh’s full report provided in Appendix D.

Transient Pressure Monitoring Data

The transient pressure monitoring exetrcise was undertaken by Blacoh from 26 September 2017 to
25 October 2017. One high-frequency pressure logger was installed on the discharge side of Lift
Station B-19 from 26 September 2017 to 25 October 2017, and another was installed on the discharge
side of Lift Station B-1 from 26 September 2017 to 12 October 2017. Both installations wete
downstream of the pump check valves. Normal and transient pressutes wete recorded, the latter at up
to 100 samples per second during transient (surge) events. Because the exercise was passive in nature
(that is, no coordinated field tests were performed), the data presumably represents typical system
conditions and routine operations. It is also worth noting that some transient pressute loggers suffer
from time drift, which otherwise impacts the ability to correlate data between loggers and against other
data. Consequently, the monitoring data cannot be directly compared against the modeling data due to
uncertainties of the following: the precise pressure measurement elevations, boundaty conditions (e.g.,
wet well and WWTP levels, active pumps), the precise operational changes (and nature thereof), and
the system properties. Despite the aforementioned limitations, inferences and obsetvations can be
drawn from the field data for the existing east forcemain system. Sample monitoring results in the form
of pressure histories are provided in Appendix C for 30 September 2017 (Figute 47 to Figure 50) and
05 October 2017 (Figure 51 to Figure 55), two dates where monitoring data are available at both
locations. Table 7 below presents an overall summaty of the ptessure monitoring data.

Table 7: Summaty of transient pressure monitoring data at Lift Stations B-19 and B-1

Lift Monitoring Period Pressure Summary (psi)
Station Start End Minimum Average Average Ave.r 8¢ | Maximum
Low High
B-19 | 26 Sep 2017 | 25 Oct 2017 -8 39 65 77 148
B-1 26 Sep 2017 | 12 Oct 2017 -10 27 44 54 130

From a review of the transient pressure monitoring data, the following general obsetvations are made:

® 'Transient pressutres at both monitoring locations regulatly reach partial vacuum conditions. The
minimum recorded pressure at Lift Station B-19 is -8 psi, and that at Lift Station B-1 is -10 psi.
The minimum pressures are likely lower than -10 psi at forcemain high points, and these
locations are therefore likely where full vacuum pressures and vapot cavity formation occuts.
Given the low and even negative transient pressures, the system is at risk of experiencing vapot
cavity formation and collapse, which can create significant transient ptessutes, extreme stresses
on forcemain pipes, and exacetbate failures. The monitoring data in Figure 48 (Appendix C)
shows what may even be the result of rapid air expulsion ot vapor cavity collapse.
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® From the transient pressure field monitoring data, the wave travel time from Lift Station B-19 to
B-1 ranges from 30 s to 35 s. Given that the distance between these two stations is roughly
29,100 ft, this cotresponds to an aggregate wave speed of 830 ft/s to 970 ft/s. This is less than
that expected based on the estimated wave speeds for PVC and ductile iron (Table 3), though the
field estimate is subject to the precise time synchronization of the two transient pressure loggets.

® Regarding pressures, the maximum ptessures recorded at Lift Stations B-19 and B-1 are 148 psi
and 130 psi, respectively. These are less than the assumed total (operating plus surge) pressure
ratings for the ductile iron pipe (250 psi) and PVC pipe (160 psi). The peak pressure at Lift
Station B-19 arose from what appeats to be a single pump start at Lift Station B-19 following a
period with all east system pumps off: Figure 56 and Figute 57 in Appendix C plot the pressure
time series for this. The maximum pressure recorded at Lift Station B-1 arose from what is likely
check valve slam following a pump stop at Lift Station B-1, and this is shown in Figure 55.

® In general, the system operation during the day time appeats to have fewer 0-to-1 pump starts
and fewer 1-to-0 pump stops. For example, Figure 47 and Figute 51 show frequent periods with
all system pumping off over night, while Figure 49 and Figure 53 show fewer operations during
the day time. This is likely due to more consistent wet well inflows during the day time.

® Following what is presumably full pump stoppage for the system (Le., all pumps at the major lift
stations are turned off), the monitoring data shows rapid and extreme pressure fluctuations at
Lift Station B-19 (see Figure 48, Figure 50, and Figure 52 in Appendix C). The precise cause of
this behavior cannot be ascertained from the data alone, though it is quite likely the result of
cither or a combination of (i) vapor cavity formation and collapse, (ii) rapid ait accumulation,
expulsion, or intake at leaky points in the system, or (iii) part of the forcemain draining.

e It is understood that the pumps at Lift Stations B-19 and B-20 are equipped with motot soft-
starters that have ramp up and ramp down durations of 30 s. From the ptessure monitoring data,
the soft-starters at Lift Station B-19 do not appear to provide meaningful hydraulic control,
particulatly for pump stop operations. This may indicate that either (1) the soft-starters are not
configured propetly with respect to hydraulic control or (ii) the soft-starters simply provide no
hydraulic control for pump start and stop operations.

e The field data for Lift Station B-1 shows check valve slam following routine pump stops at Lift
Station B-1. This can be seen in Figure 54, and a closer view is provided in Figute 55. Check
valve slam is caused by a reflected downsurge wave returning before a check valve has time to
close, thereby slamming the valve closed. Check valve slam is detrimental to the local piping and
valve itself, as it creates excessive pressutes and wears the valve seating and seal, potentially
leading to valve failure and an impropetly seating (leaky) valve. The pumps at Lift Station B-1 are
started and stopped with no hydraulic control (other than that provided by the check valves
themselves). Consequently and following a pump stop at Lift Station B-1, the downsurge wave
travels away from the facility along the relatively short 12-inch discharge line, reflects off of the
existing 24-inch forcemain, and teturns back to the pumps slamming the check valve closed.

Existing East Forcemain System

Table 9 in Appendix A summarizes the simulation results for the existing east forcemain system
without the proposed upgrades nor any surge protection (Scenarios 1A through 5B). Scenarios 1A to 3
consider global and local power failures with the system initially operating at full capacity (that is, with
all pumps on at an active facility under large inflow conditions). In each case, the system response is
tather varied with a numbet of intermediate reflections, and these are caused by the use of both less
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elastic ductile iron and more elastic PVC pipe materials along the forcemain. The tabular results in
Table 9 and graphical results in Appendix B also show partial to full vacuum conditions (negative
pressures) along the forcemain from Lift Station B-19 to the WWTP — for example, the HGL envelope
along the east forcemain for Scenatio 1B (Figure 7 in Appendix B) shows negative pressures at nearly
all locattons. Negative pressures were simulated as petsisting for up to roughly 30 s. Moreover, the full
vacuum conditions are predicted to give rise to vapor cavity formation and collapse at both the lift
stations and along the fotrcemain, as indicated by the non-zeto vapor volumes." Of Scenarios 1A to 3,
Scenario 1B yields the most critical tesponse with the largest predicted vapor cavities, and this 1s likely
due to (i) the system operating at full capacity and with high initial velocities and (i) the wet wells being
at LWL, which yields a slightly lower initial HGL and thus less ability to accommodate downsurges.
Overall, the long wave travel time for the PVC sections of the forcemain also prolong negative pressure
durations, thus exacerbating concerns of vapor cavities.

The remaining Scenarios 4A through 5B explore the system response to routine single pump starts and
stops at Lift Stations B-19 and B-20. The scenarios are based on an initial condition of no pumping at
other locations, thereby yielding the largest flow change for the pump start and stop. The results
(Figure 10 to Figure 13 in Appendix B) show rather high upsurge pressures (up to 95 psi at Lift Station
B-19); for comparison, Figure 4 plots the results for Scenario 4A against the field monitoring data for
what appears to be a routine pump start at Lift Station B-19. These data compare reasonably well for
the initial upsurge; however, there are clear differences thereafter. Moreover, compared to the field
monitoring data, the numerical modeling results predict lower maximum transient pressures. The
difference between the model and field data is largely due to how pump start operations are actually
performed. For this analysis, a 30 s linear torque ramp is used for pump starts, whereas the actual field
conditions likely vary from this depending on the soft-starters’ control and type (that is, whether the
soft-starters limit voltage or current, and whether this translates to effective torque and thus hydraulic
control). The differences are also affected by uncertainties of the boundary conditions (wet well levels,
number of pumps on) and system properties. The results for Scenarios 5A and 5B show negative
pressures and even full vacuum conditions following pump stop operations, which generally agrees
with the low field monitoring pressures obsetved following full pump stoppage in the system.

Both the field monitoring data and numerical modeling results suggest that the typical pressures under
steady and transient (sutge) conditions are within the assumed total (operating plus surge) pressure
ratings of the system’s ductile iron and PVC pipes. There are, however, issues with check valve slam at
Lift Station B-1, and Lift Stations B-19 and B-1 regulatly experience negative pressures. Further, it 1s
quite likely that negative pressures routinely occur throughout the entire forcemain, and this is likely
due to a combination of the system having a mixture of pipe materials, a lack of dedicated surge
protection, possible vapor cavity formation and line draining, and frequent pump start and stop
operations with insufficient hydraulic control to minimize transient pressures. Regarding the latter,
motor soft-starters alone generally provide inadequate (if any) hydraulic control, which is particularly
important at the larger Lift Stations B-19 and B-20. Compared to motor soft-starters, hydraulic control
valves and variable frequency drives (VFDs; also referred to as variable speed drives) tend to provide
much better hydraulic control with greater capability for controlling transient pressures resulting from
routine operations.

! Indeed, vapor cavity formation is important, but it is important to note that the ability of numerical models to accurately
sitnulate vapor cavity formation and collapse is difficult. Furthetmote, the nature of the fluid (i.e., wastewater) will likely
Limnit the duration of potential vapor cavities due to the presence of dissolved gases and the high number of nucleation sites.
Accordingly, the actual system response is likely to differ from the simulation results, though negative pressures and vapor
cavity formation ate nonetheless problematic.
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Figure 4: Comparison of simulation results for Scenario 4A (existing system, HWL, single pump start at
Lift Station B-19) against Lift Station B-19 monitoring data on 30 September 2017 at 12:44 PM

Proposed Upgrades without Dedicated Surge Protection

Table 10 in Appendix A summarizes the simulation tesults for the east forcemain system with the
proposed 30-inch ductile iron forcemain and upgtades to Lift Station B-1 (Scenarios 6A through 17B).
As with the existing conditions, power failures are expected to create marginal upsutge pressures, yet
negative pressures reaching full vacaum conditions are still predicted all along the forcemain from Lift
Station B-19 to the WWTP. The negative pressures petsist for up to roughly 10 s, which is less than
that simulated for the existing conditions, likely due to the proposed 30-inch ductile iron forcemain
having a higher wave speed than the existing PVC pipe. The simulation results show vapor cavities
forming due to the negative pressures, and the subsequent vapor cavity collapse is predicted to create
pressute spikes and high local stresses. Of the power failure scenatrios for the potential system
upgrades, Scenarios 7A and 9A are generally the worst: the former considers a system-wide powet
failure under full capacity pumping, while the latter scenatio 9A considers a local power failure with
only Lift Station B-20 on and at full capacity. Both scenarios result in larger vapor cavities forming
compated to other scenatios. The total flow is high for Scenario 7A, so the resulting flow change for
the forcemain is rather large, thus yielding extreme pressure drops. Scenario 9A featutres a high local
flow at Lift Station B-20 due to no othet system pumps being on, and this leads to an extreme local
tesponse that propagates to the rest of the system. Herein Scenarios 7A and 9A are considered as the
base worst-case events due to having more severe tesponses, with both having overall gteater vapor
cavity volumes predicted along the forcemain compared to all other scenarios discussed thus far.

Scenarios 10 and 11, each based on Scenario 7A, test the system response with the proposed upgrades
and potential future east-west forcemain interconnections on Notth Riverside Drive and along 2nd
Avenue, respectively. The interconnections increase the downstream system capacity; consequently, the
total upstream flow and thus initial upstream velocity are higher than for Scenario 7A. Though
increased flows are beneficial for capacity, the results for Scenarios 10 (Figure 22) and 11 (Figure 23)
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suggest that the higher initial flows yield wotse hydraulic transient responses with larger vapor cavities
forming in the upstream segment of the forcemain.

Because a number of assumptions wete made in developing the hydraulic transient model, sensitivity
tests were performed to explore the effect of varying the wave speed (Scenarios 12 and 13), pump
inettia (Scenario 14), and vapor cavity formation (Scenario 15). Scenatio 9A was used as the base
scenario for these due to having large predicted vapot cavity formation. In general, a compatison of the
results for Scenarios 12 through 14 (Figure 23 to Figure 26 in Appendix B) against those of Scenatio
9A shows that the wave speed and pump inertia indeed affect the results but not significantly.
Regarding Scenatio 15 (based on Scenatio 9A without vapor cavity formation), Figure 27 in
Appendix B shows a much lower minimum HGL envelope without vapor cavity formation, which
suggests that vapor cavity formation and collapse is certainly possible for the system.

Lastly, Scenarios 16A through 17C test the system response to routine single pump start and stop
operations with the proposed upgrades. Scenatios 16A, 16B, and 16C consider single pump starts at
Lift Stations B-19, B-20, and B-1, respectively, while Scenarios 17A, 17B, and 17C consider single
pump stops at the same respective facilities. From the results for the pump start scenarios (Figure 28
and Figure 33 in Appendix B), rather large upsurge pressures are predicted, with that at Lift Station
B-19 reaching an estimated 120 psi and that at Lift Station B-20 reaching an estimated 110 psi. As with
Scenatios 5A and 5B for the existing system, the results for the pump stop tests with the proposed
upgrades (Scenatios 17A and 17B; Figure 31 and Figure 32 in Appendix C) show negative pressures
following full pump stoppage in the system, with negative pressures reaching partial vacuum conditions
along much of the east forcemain.

Proposed Upgrades with Surge Protection

From the simulation results for Scenatios 1A through 17B, the key hydraulic transients challenge in the
South Beaches forcemain system (with or without the proposed upgrades) concetns negative pressutes.
Negative pressures reaching full vacuum are predicted throughout the system under a power failure
condition. This can give tise to vapor cavity formation and collapse, which itself creates extreme local
pressures and stresses that exacerbate pipe wear, ultimately and likely leading to pipe failures. The risk
of negative ptessures has also been confirmed via the parallel field pressure monitoring study. Two
alternatives for controlling negative pressures that are considered as part of this analysis are (i) installing
CAVs? at critical high points that will allow air to enter the forcemain under vacuum conditions to
prevent local vapor cavity formation or (i) introducing pressurized storage (e.g., surge tanks, aka
HAGs) that alleviates downsurges and thus negative pressures.

Scenarios 18A through 20C test the benefits of installing dedicated sutge protection. The scenatios are
based on the worst-case Scenarios 7A and $A, which feature the largest predicted vapor cavity volumes.
Scenatios 18A to 19B test the potential benefits of installing CAVs at forcemain high points located
roughly 11,300 ft from Lift Station B-19 (near South Patrick Drive at Island Drive), 19,330 ft from Lift
Station B-19 (near South Patrick Drive at Indtio Boulevard), and 47,210 ft from Lift Station B-19 (near
North Shannon Avenue at Fifth Avenue) whete previous scenatios show large vapor cavities forming.
Scenatios 20A to 20C explore the system response with HACs (i.e., pressurized surge tanks) installed at
Lift Stations B-19 and B-20. Table 8 lists the surge protection details.

? Combination air valves (CAVs) are a dual function air valve. Under pressurized conditions, they allow the controlled
telease of accumulated air through a small (and large) otifice, and under vacuum conditions, air entets the pipe through a
latger orifice to alleviate negative pressures.
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Table 8: List of surge protection simulated in Scenatios 18A to 20C

Scenatio Paren.t Conditions Surge Protection
Scenatio
18A 7A  |Full Capacity, LWL, GPF* 2-inch standard CAVs at select locations™
18B 9A  [Full Capacity at B-20, LWL, LPF* |2-inch standard CAVs at select locations*
19A 7A  |Full Capacity, LWL, GPF" 2-inch three-stage CAVs at select locations*
19B 9A  [Full Capacity at B-20, LWL, LPF* |2-inch three-stage CAVs at select locations*
20A 7A  |Full Capacity, LWL, GPF* 4,000 gal HAC at B-19
20B 7A  |Full Capacity, LWL, GPF* 10,000 gal HAC at B-20
20C 7A  |Full Capacity, LWL, GPF* 4,000 gal HAC' at B-1
. . , 1 4 -1
20D | 7A  |Full Capacity, LWL, GPF 2’888 gjl ﬁg . g_zg

* CAVs were modeled at roughly 11,300 ft (near South Patrick Drive at Island Drive), 19,330 ft (near South Pattick Drive at
Indrio Boulevard), and 47,210 ft (near North Shannon Avenue at Fifth Avenue) from Lift Station B-19.

+GPF = global power failure and LPF = local power failure.

THAC = hydropneumatic air chamber with 2 bladder separating the liquid and gas phases. For Scenatio 20A, the Lift
Station B-19 HAC was modeled with a 5-inch connection, and for Scenario 20B the Lift Station B-20 HAC was modeled
with an 8-inch connection. The Lift Stations B-19 and B-20 HACs were modeled with 4-inch and 6-inch connections,
respectively, for Scenario 20C. The bladders were modeled with a pre-charge pressure of 10 psi, yielding initial air volumes
of 22% and 24% for Lift Stations B-19 and B-20, respectively.

Table 11 in Appendix A summarizes the simulation results for Scenatrios 18A through 20C. In genetal,
the Scenarios 18A to 19B results (Figure 34 to Figure 37 in Appendix B) show that CAVs help alleviate
the formation of some vapor cavities. However, negative pressures are still problematic along the entire
forcemain, as the CAVs mostly provide localized benefits in their vicinity. Furthermore, reliance on
multiple CAVs for surge protection requires all critical CAVs to be operational and in working order,
and this can seldom be ensured for wastewater systems where solids in the fluid can damage CAVs.

Scenario 20A tests the benefits of installing a 4,000 gal HAC only at Lift Station B19. Similarly,
Scenatio 20B tests a 10,000 gal HAC only at Lift Station B-20. Tank sizes of 2,000 gal were initially
tested (the results are not reported here) based on PBS&]J’s sutge analysis repott, and the current sizes
wete determined as the minimum necessary to keep the tanks from draining. The Scenario 20A results
(Figure 38 and Figure 39 in Appendix B) show that an HAC at Lift Station B-19 helps reduce the
formation of vapor cavities, though there are still some along the forcemain. Comparatively, the results
for Scenario 20B with an HAC at Lift Station B-20 (Figute 40 and Figure 41 in Appendix B) show
greatet imptovement ovet the patent Scenario 7A as well as Scenario 20A, with negative pressures
eliminated along a majotity of the east forcemain. To explore the system response with an HAC
installed at Lift Station B-1, Scenario 20C tests a 4,000 gal HAC (the minimum size from Scenarios 20A
and 20B). The results (Figure 42 and Figure 43 in Appendix B) show little change in the overall system
response, indicating that a larger HAC is required and that Lift Station B-1 is likely not an optimal
location due to being a smaller lift station and thus less severe source of transient pressures. Lastly, the
tesults for Scenario 20D (Figure 44, Figure 45, and Figure 46 in Appendix B) suggest that installing an
HAC at each of Lift Station B-19 (3,000 gal) and Lift Station B-20 (6,000 gal) neatly eliminates negative
pressures altogether, with a few sections experiencing pressures down to -5 psi. These results indicate
that HACs are the most effective alternative for controlling transient pressutes in the system, and
though not tested here, they would also benefit the system for routine pump starts and stops should no
changes be made to the pump start-stop controls. The HAC sizes listed above are the minimum
necessary to prevent draining, and larger sizes will provide an even gteater benefit to the system in
controlling transient pressutes and likely even eliminating the occurtence of negative pressures.
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CONCLUSIONS AND RECOMMENDATIONS

In response to previous failures in the South Beaches forcemain system, HDR was retained by Brevard
County to review previous studies, conduct a transient pressute monitoring exercise, and propose
alternatives for improving the system. In suppott of these, HydraTek petformed a review of the field
monitoring data, and a numerical hydraulic transient (surge) analysis was completed parallel thereto to
analyze the existing system, proposed upgrades, and identify potential improvements. As with most flat
forcemains, the key hydraulic transient challenge for the South Beaches system concerns negative
pressures and frequent pump start-stop operations; moteovet, the system response is complex and
latgely influenced by the mixed use of ductile iron and PVC pipes. Based on the teview of the field
monitoting data and numerical modeling analysis, the following concluding temarks and
tecommendations are provided to support HDR’s work:

1. From a review of the transient pressure field monitoting data, the maximum pressures recorded
at Lift Stations B-19 and B-1 are 148 psi and 130 psi, respectively. The average high pressures
recorded at Lift Stations B-19 and B-20 are also 77 psi and 54 psi, respectively. At the time of this
analysis, the working and total (opetating plus surge) pressure ratings of the system’s ductile iron
and PVC pipes were not available; accordingly, the actual working and total pressure ratings of
the ductile iton and PVC forcemain sections should be confirmed and compared against the
aforementioned values.

2. Although the maximum recorded transient pressures ate likely within the forcemain’s upper
pressute limit for the PVC and ductile iron pipe, it is quite possible that the combined effect of
frequent pump start-stop events; a lack of suitable hydraulic control during such opetations; and
potential forcemain draining, vapor cavity collapse, or rapid air expulsion contributed to ot
exacerbated the previous failures.

3. The numerically predicted negative pressures should be avoided for the sake of maintaining joint
seals — see ASTM D3139-98 (Standard Specification for Elastomeric Seals (Gaskets) for Joining
Plastic Pipes), which recommends a minimum partial vacuum pressure of -10 psi; otherwise,
tepeated positive-negative pressute cycles can wear the seals, leading to leakage and ultimately
joint failure.

4. In addition to the above, a fatigue loading analysis can be performed for the PVC section of the
forcemain to determine whether repetitive pressure cycling from frequent pump start-stop
opetations is contributing to the forcemain failures. Such an analysis should consider a pressure
range of -10 psi to 90 psi (the average recorded upsurge pressure) and a frequency of 30 complete
cycles per system per day.

5. The field monitoring data for Lift Station B-1 shows pressure traces that are characteristic of
check valve slam following pump stops. Check valve slam can create significant pressure spikes,
and it causes high local stresses that can lead to or cause pipe and valve failure. The design of the
proposed upgtrades for Lift Station B-1 should consider check valve slam and the selection of
better quality check valves. This may be accomplished by using valves with shorter closure
strokes/angles, and either check valve accelerators (to close the valve faster before the arrival of a
teturn wave) or dampeners (to cushion and slow the valve’s closure).
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6. It appears that the motor soft-starters at Lift Stations B-19 and B-20 provide less than adequate
hydraulic control for pump starts (for example, as shown in Figure 57). There is also inadequate
control for pump stops, and the field data shows that Lift Stations B-19, B-1, and likely B-20
routinely expetience negative pressures reaching partial vacuum conditions following full pump
stoppage for the system. The resulting peak pressures are also on the order of two to three times
as high as the average operating pressures. Furthermore and as is typical of sewage forcemain
systems, pump start and stop operations ate rather frequent and likely contributing to cyclic
fatigue of the piping and exacerbating failures. Considetation should thus be given to improving
hydraulic control for pump starts and stops to better control transient pressures.

7. Two alternatives for better controlling pump operations are discharge control valves and VFDs.
Discharge control valves provide direct hydraulic control by modulating the head and flow of
individual pumps, whereas VFDs control the operating speed of a pump and thus its pump cutve
and operating point. Using either alternative, operations can be petformed more slowly during
pump statts and stops, theteby minimizing transient pressures and the shock to the system.
Between control valves and VFDs, the former tend to be less costly and provide more direct
control, though they are less common in wastewater applications due to the nature of the fluid.
Comparatively, VFDs, while more expensive, can be used to opetate the pumps at lower speeds
duting low inflow periods to minimize unnecessary pump on-off operations while improving
operational efficiency. Another option is to stagger the pump statt-stop wet well levels by a larger
distance than is presently set to reduce the frequency of start-stop changes.

8. The data for Lift Station B-19 shows high frequency and large transient pressure fluctuations
following full pump stoppage for the system (i.e., with no pumping from Lift Stations B19, B-20,
and B-01). This is likely the result of either o a combination of: (i) sections of the forcemain
draining, refilling, and re-pressurizing, (ii) rapid air intake, accumulation, ot expulsion, or (i)
vapor cavity formation and collapse. The cause of these pressure fluctuations should be further
investigated, starting with an investigation as to why the system pressutes are low and even
negative following complete stoppage. This may be tested by fully stopping all pumps for a
petiod of at least 5 minutes (e.g., during low flow periods overnight), wet well levels permitting,
and recording the system pressutes at Lift Stations B-19, B-20, and B-1 to explore what the static
system hydraulics are without pumping (and in compatison to an expected static HGL based on
the WWTP outlet elevation of 30.5 ft.) A flow meter suited to wastewater applications can also
be used to monitor potential backflow and forcemain draining. If not properly mitigated, this
phenomenon may further conttibute to failures by causing rapid and significant stress changes.

9. Further to the above, the otiginal design and forcemain should be reviewed to mnspect whether
there are existing in-line check valves at any location, including at the WWTP. If not,
consideration should be given to exploting the possibility of installing in-line check valves along
the forcemain to prevent it from draining and depressurizing under conditions with no pumping.

10.The field monitoring data should be compared against the County’s SCADA data for the South
Beaches system to correlate operational changes to observed events. Furthermore, the system
response and behavior can be further investigated with a coordinated transient pressure
monitoting investigation, whereby more pressure loggers are installed and controlled, planned
tests (such as pump emergency stops) are performed.
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11.The proposed 30-inch ductile iron forcemain replacement and Lift Station B-1 upgrade will
increase the system’s capacity and thus maximum total flow. Despite this, the system response is
expected to remain comparable to its current state, featuting negative pressures reaching full
vacuum conditions along the forcemain and potentially with vapor cavity formation and collapse.
Negative pressures can damage pipe seals, particularly for the PVC sections of the forcemain, and
vapor cavity collapse cteates high localized pressures and extreme stresses on the forcemain.

Regarding the proposed 30-inch ductile iron forcemain replacement, the cotresponding pipe class
can be chosen according to the maximum expected operating pressure rather than transient
pressure. For the Lift Station B-1 upgrades, check valve slam should be approptiately considered
with design pressures based on the field monitoting data. It is also recommended that
consideration be given to installing either discharge control valves or VFDs for new pump
installations and modifications (e.g., at Lift Station B-1) to improve the hydraulic control of
routine pump start and stop operations and thus minimize the transient pressures and shock to
the system. All piping and appurtenances should also be designed to withstand full negative
pressures reaching up to -14.7 psi, as well as have adequate bedding and structural support to
accommodate frequent loading cycles.

12.Presently the South Beaches forcemain does not have any dedicated sutge protection. The surge
valves at each of Lift Stations B-19 and B-20 ate currently isolated, and all air valves installed
along the forcemain are air release (outflow only) valves. From the field data, numetical modeling
results, and history of failures, the South Beaches system would benefit from the installation of
dedicated surge protection. Two alternatives for this are (i) installing combination air valves
(CAVs) along the forcemains at critical locations, namely local high points, or (i) installing
hydropneumatic air chambers (HACs; i.e., surge tanks) at Lift Stations B-19 and B-20.

The analysis explored the potential benefits of installing CAVs at select locations on the east
forcemain. The results suggest that CAVs help alleviate the formation and collapse of some
vapor cavities, including the subsequent pressure shocks and high local pipe stresses that may
otherwise exacerbate or cause failures. Though beneficial, CAVs are expected to only provide
localized benefits to the system where they ate installed, and negative pressures tremain
problematic along nearly all of the forcemain. Moreover, reliance on multiple CAVs for surge
protection requires that all of the CAVs be maintained, operational, and reliable, and CAVs are
typically less reliable than surge tanks and for wastewater applications. Thus, CAVs alone are
insufficient unless combined with other forms of sutge protection and better hydraulic control
for pump start and stop operations.

Numerical simulations were also performed to assess the benefits of installing HACs (ie.,
pressurized surge tanks) at each of the larger Lift Stations B-19 and B-20. The model results
suggest that suitably sized HACs (in the range of 4,000 gallons to 10,000 gallons pet facility) can
eliminate neatly all negative pressures along the forcemain. This is highly beneficial for avoiding
vapor cavity formation, frequent and rapid pressute cycling, and wear on joint seals. Given the
system’s history of failures, this option should be given further considetation. The current study
only explored a limited number of HAC combinations to demonstrate their potential benefits,
with the sizes mainly determined to avoid tank draining. A mote detailed analysis can be
conducted to optimize the number of HACs, their sizes and locations, and performance — for
instance, designing the tanks to not only avoid draining but also have a minimum allowable water
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volume/content under transient conditions (e.g., a minimum 10% of the overall tank volume)
and/or a minimum water depth (i.e., to avoid vortex action at the outlet).

13.During and following commissioning of the proposed upgrades, transient pressute monitoring
can be carried out to further identify and monitor the overall risk to the system. This would
require the installation of high frequency transient pressute monitors similar to those used by
Blacoh and ideally ones that can remotely transmit the data for ongoing review and confirmation.

14.Following a power failure event (or emergency pump stop ot trip), Lift Stations B-19, B-20, and
B-1 should stay idle for a period of at least 3 minutes in order to allow the transient pressure
waves to dissipate. Therefore, the pumps should not be allowed to start (via utility or backup
power) within this designated standby period unless the wet well level is at the high-high alarm.
The mixed pipe material natute of this overall system further increases the risk of pressure wave
superimposition and amplification.
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APPENDIX A: TABULAR SUMMARY OF
NUMERICAL MODELING RESULTS
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Hydraulic Transient (Surge) Analysis
South Beaches Lift Stations and Forcemains, Brevard County

Table 10: Hydraulic transient simulation results for proposed conditions without surge protection — Scenatios 6A tc

Initial Lift Station Flows (gpm) 20-inch Fotcemain 24/30-inch Forc
] Patent Min. Max. Max. Min. Max.
Scenario .
Scenario | B19 B20 B01 BO6 B07 | Pressure | Pressute | Vapour | Pressure | Pressure

(psi) (psi) Vol. (gal) (psi) (psi)

6A - 2,406 | 4,302 | 1,051 - - -14 107 6 -14 95
6B 6A 2,528 | 3945 | 763 - - -14 100 8 -14 86
TA - 2,355 | 4318 | 973 - - -14 105 8 -14 93
78 TA 2477 | 3939 | 717 - - -14 98 10 -14 84
8A B 4,800 0 0 - - -14 92 25 -14 50
88 8A 4,459 0 0 - - -14 82 20 -14 57
9A - 0 6,758 0 - - -14 82 41 -14 80
9B 9A 0 6,137 0 - - -14 79 31 -14 70
10 7A 2,755 | 5390 | 1,694 | 978 794 -14 103 34 -14 87
11 TA 2,635 | 5060 | 1,469 | 1,480 | 844 -14 104 31 -14 89
12 9A 0 6,758 0 - - -14 82 40 -14 80
13 9A 0 6,758 0 - - -14 82 22 -14 80
14 9A 0 6,758 0 - - -14 32 46 -14 80
15 9A 0 6,758 0 - - -55 82 0 -41 80
16A - 3,768* 0 0 - - 11 120 0 0 92
16B - 0 4,687* 0 - . 11 122 0 0 110
16C - 0 0 - - -11 62 0 -14 60
17A - 3,768 0 0 - - -10 65 0 -10 38
17B - 0 4,687 0 - - -11 49 0 -11 48
17C - - - -14 40 0 -12 32

Min. - - - . - -55 - - -41

Min.+ . - 5 - - - -14 - - -14 .
Max. - 4800 | 6,758 | 1,694 | 1480 | 844 - 122 46 - 110

+Excluding the tesults for Scenario 15 with no vapor cavity formation.
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Table 11: Hydraulic transient simulation results for proposed conditions with surge protection — Scenatios 18A to 2(

Initial Lift Station Flows (gpm) 20-inch Forcemain 24/30-inch Force:
Scenario Parent Min. Max. Max. Min. Max.
Scenario | B19 | B20 B01 B06 B07 | Pressute | Pressure | Vapour | Pressure | Pressure
(psi) (psi) | Vol. (gal) (psi) (psi)
18A 7A 2,355 | 4318 [ 973 - - -14 160 2,627 -14 102
188 9A 0 6,758 0 - - -14 169 3,003 -14 88
19A TA 2,355 | 4,318 | 973 3 - -14 128 2,298 -14 93
19B 9A 0 6,758 0 - - -14 114 2,612 -14 80
20A TA 2,355 | 4318 | 973 - - -14 105 8 -14 93
0B [ 7A 2,355 | 4,318 | 973 - - -13 105 0 =7 93
20C TA 2,355 | 4,318 | 973 - - -14 105 19 -14 93
20D TA 2,355 | 4318 | 973 - - =5 105 0 -3 93
Min. E - - - - - -14 - - -14 -
Max. - 2,355 | 6,758 | 973 . - - 169 3,003 - 102
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APPENDIX B: GRAPHICAL HYDRAULIC
TRANSIENT ANALYSIS RESULTS
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This appendix presents the numerical hydraulic transient analysis results for the South Beaches east
forcemain system via transient pressure envelope figures. The transient pressure envelope figutes are
plotted as hydraulic head (pressure) versus distance along the forcemain profile path from Lift Station
B-19 to the South Beaches Wastewater Treatment Plant (WWTP). The profile figures should be read
from left to right. The left side corresponds to the location of Lift Station B-19, and the right side
cotresponds to the South Beaches WWTP (tefer to Figure 5 on the tollowing page). Lift Stations B-20
and B-1 are located at distances of approximately 17,750 ft and 29,100 ft from Lift Station B-19,
respectively. The hydraulic head profiles are representative of that along the red-highlighted line in
Figure 5 on the following page.

Unless otherwise noted, all of the values are presented in the units of feet (ft) and all figures can be
deciphered using the following legend:

Red Line: Estimated vapor or air cavity volume in gallons

Light Blue Line: Steady-state (operating) hydraulic grade line (HGL)

Blue Lines: Maximum and minimum transient pressure envelope (HGLs)

Gteen Line: Pipe profile (elevation)

'::?ﬁllk Page 30

n)n
By /1
£/



Hydraulic Transient (Surge) Analysis 15 December 2017

South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)
2 L o - east-wes! systom
o ;:.',.:_,-;- interconnection on
A TE e s Riverside :

S RN
WITTR e |

-
-

Figure 5: Profile path for analysis results, from Lift Station B-19 (top-left) to the South Beaches WWTP
(bottom-right)
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Figure 7: Scenatio 1B — Existing system, full capacity, LWL, global power failure
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Figure 8: Scenario 2 — Existing system, only B-19 on at full capacity, HWL, local powet failure
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Figure 9: Scenario 3 — Existing system, only B-20 on at full capacity, HWL, local power failure
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Figure 10: Scenatio 4A — Existing system, all pumps off, HWL, single pump statt at B-19
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Figure 12: Scenario 5A — Existing system, HWL, single pump stop at B-19
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Figure 14: Scenario 6A — Proposed upgrades, full capacity pumping, HWL, global power failure
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Figure 15: Scenatio 6B — Proposed upgrades, firm capacity pumping, HWL, global power failure
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Figure 16: Scenario 7A — Proposed upgrades, full capacity pumping, LWL, global power failure
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Figure 17: Scenario 7B — Proposed upgrades, firm capacity pumping, LWL, global power failure
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Figure 18: Scenario 8A — Proposed upgtades, full capacity at B-19 only, LWL, local power failure
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Figure 20: Scenario 9A — Proposed upgtades, full capacity at B-20 only, LWL, local power failure
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Figure 22: Scenatio 10 — Proposed upgtades, full capacity, LWL, east-west forcemain interconnection at
Riverside Drive, global power failure
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Figure 23: Scenario 11 ~ Proposed upgtades, full capacity, LWL, east-west forcemain interconnection at
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Figure 24: Scenario 12 — Scenario 9A (ptoposed upgtades, full capacity at B-20 only, LWL, global
power failure) with +10% wave speed
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Figure 25: Scenatio 13 — Scenatio 9A (proposed upgrades, full capacity at B-20 only, LWL, global

power failure) with -10% wave speed
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Figure 26: Scenario 14 — Scenario 9A (ptoposed upgrades, full capacity at B-20 only, LWL, global
power failure) with 50% pump inertia
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Figure 28: Scenario 16A — Proposed upgrades, all pumps off, HWL, single pump start at B-19
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Figure 29: Scenario 16B — Proposed upgrades, all pumps off, HWL, single pump start at B-20
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Figure 30: Scenario 16C — Proposed upgrades, all pumps off, HWL, single pump start at B-1
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Figute 31: Scenario 17A — Proposed upgrades, one B-19 pump on, HWL, single pump stop at B-19
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Figure 32: Scenario 17B — Proposed upgrades, one B-20 pump on, HW1,, single pump stop at B-20
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Figure 33: Scenario 17C — Proposed upgtades, one B-1 pump on, HWL, single pump stop at B-1
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Figure 34: Scenatio 18A — Scenario 7A (proposed upgtades, full capacity, LWL, global power failure)
with 2-inch standard CAVs at select locations
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Figure 35: Scenatio 18B — Scenatio 9A (Proposed upgrades, full capacity at B-20 only, LWL, global

power failure) with 2-inch standard CAVs at select locations
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Figure 36: Scenario 19A — Scenario 7A (proposed upgtades, full capacity, LWL, global power failure)
with 2-inch three-stage CAVs at select locations
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Figure 37: Scenario 19B — Scenario 9A (Proposed upgtades, full capacity at B-20 only, LWL, global
power failure) with 2-inch three-stage CAVss at select locations
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Figure 38: Scenatio 20A — Scenario 7A (proposed upgrades, full capacity, LWL, global power failure)

with a 4,000 gal HAC at Lift Station B-19
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Figure 39: Scenatio 20A — HAC gas volume and pressure for 4,000 gal HAC at Lift Station B-19
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Figure 40: Scenario 20B — Scenatio 7A (proposed upgtades, full capacity, LWL, global power failure)
with a 10,000 gal HAC at Lift Station B-20
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Figure 41: Scenario 20B — HAC gas volume and pressure for 10,000 gal HAC at Lift Station B-20
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Figure 42: Scenatio 20C — Scenatio 7A (proposed upgrades, full capacity, LWL, global power failure)
with a 4,000 gal HAC at Lift Station B-1
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Figure 43: Scenario 20C — HAC gas volume and pressure for 4,000 gal HAC at Lift Station B-1

Rude=Toly = o



Hydraulic Transient (Surge) Analysis 15 December 2017
South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)

350 !
Forcemain Centreline Elevarion Scenario 20D

—HGL - Irutial
300 || —HGL - Max/Min Envelope

—— Max. Vapour Volume
250 .
!
200 u
g E
& Q
£ 150 >
[+ =1
: :
ﬁ,
50 =
0
-50 0

00+000 10+000 20-+000 30000 40-+000 50+000 60-+000 70+000
Distance from Lift Station B-19 (ft)

Figure 44: Scenario 20D — Scenatio 7A (proposed upgrades, full capacity, LWL, global power failure)

with a 3,000 gal HAC at Lift Station B-19 and a 6,000 gal HAC at Lift Station B-20
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Figure 45: Scenatio 20D — HAC gas volume and pressure for 3,000 gal HAC at Lift Station B-19 (with
a 6,000 gal HAC at Lift Station B-20)
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Figure 46: Scenario 20D — HAC gas volume and pressure for 6,000 gal HAC at Lift Station B-20 (with

a 3,000 gal HAC at Lift Station B-19)
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Figure 47: Transient pressure monitoting data from 12:15 AM to 1:45 AM on 30 September 2017
showing high pressure fluctuations at Lift Station B-19 following pump stop operations
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Figure 48: Transient pressure monitoring data from 12:14 AM to 12:28 AM on 30 September 201
showing high pressure fluctuations at Lift Station B-19 following pump stop operations
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Figure 49: Transient pressure monitoring data from 2:30 PM to 4:30 PM on 30 September 2017
showing high pressure fluctuations at Lift Station B-19 following pump stop operations
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Figure 50: Transient pressure monitoting data from 3:32 PM to 3:46 PM on 30 September 2017
showing high pressure fluctuations at Lift Station B-19 following pump stop operations
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Figure 51: Transient pressure monitoring data from 4:20 AM to 7:00 AM on 05 October 2017 showing
high pressure fluctuations at Lift Station B-19 following pump stop opetations
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Figure 52: Transient pressure monitoring data from 5:54 AM to 6:10 AM on 05 October 2017 showin

high pressure fluctuations at Lift Station B-19 following pump stop opetations
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Figure 53: Ttansient pressure monitoring data from 6:30 PM to 8:30 PM on 05 October 2017 showing
normal pump on-off operations and check valve slam at Lift Station B-1
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Figure 54: Transient pressure monitoring data from 7:42 PM to 7:56 PM on 05 October 2017 showing
normal pump on-off operations and check valve slam at Lift Station B-1
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Figure 55: Transient pressure monitoring data at 7:45 PM on 05 October 2017 showing check valve
slam at Lift Station B-1
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Figure 56: Transient pressure monitoring data from 8:00 PM to 9:00 PM on 08 October 2017 showing
peak pressure recorded at Lift Station B-19
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Figure 2: Highest Recorded Data Point (October 8, 2017)
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Figure 3: Highest Recorded Data Point {Zoom Level A)
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Figure 5: Lowest Recorded Data Point (One instance)
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Figure 6: Lowest Recorded Data Point (Zoom Level A)
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are paorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require



alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Map Unit Legend

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

9 Canaveral-Anclote complex, 2.3 0.8%
gently undulating

25 Canaveral-Palm Beach-Urban 271 9.4%
land complex

36 'Myakka sand, 0 to 2 percent 1.6 0.6%
slopes

49 Pomello sand 18.2 6.3%

51 Pompano sand, 0 to 2 percent 9.0 3.1%
slopes

66 Bessie muck, tidal 0.7: 0.3%

69 Urban land 19.4 6.8% |

72 Welaka sand 206.5 71.9%

100 : Waters of the Atlantic Ocean ‘2.4 0.8%

Totals for Area of Interest 287.3 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
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descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource pians. if intensive use of smaii areas is pianned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almast alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface iayer, slope, stoniness,

salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major sails or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or mare soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map uniis in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and manageimeiit. The patterni and propoition
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made

up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Brevard County, Florida

9—Canaveral-Anclote complex, gently undulating

Map Unit Setting
National map unit symbol: 1ig2n
Elevation: 10 to 60 feet
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Canaveral and similar soils: 60 percent
Anclote and similar soils: 30 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Canaveral

Setting
Landform: Ridges on marine terraces, dunes on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0to 6 inches: sand
C - 61to 12 inches: sand
C - 12 to 80 inches: coarse sand

Properties and qualities

Slope: 0 to 5 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Somewhat poorly drained

Runoff class: Low

Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to
50.02 in/hr)

Depth to water table: About 12 to 36 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 15 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmbhos/cm)

Sodium adsorption ratio, maximum in profile: 6.0

Available water storage in profile: Very low (about 1.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A/D
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: No

10
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Description of Anclote

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A -0to 19 inches: sand
Cg - 19to 72 inches: sand

Properties and qualities

Slope: 0to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Very poorly drained

Runoff class: Very high

Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95
to 19.98 in/hr)

Depth to water table: About 0 to 6 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrolagic Soil Group: A/D
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands
(G156BC141FL)
Hydric soil rating: Yes

Minor Components

Pomello
Percent of map unit: 5 percent
Landform: Rises on marine terraces, flats on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soils on
rises and knolls of mesic uplands (G156BC131FL)
Hydric soil rating: No

Palm beach
Percent of map unit: 5 percent
Landform: Dunes on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on ridges and dunes of xeric uplands
(G156BC111FL)

11
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Hydric soil rating: No

25—Canaveral-Palm Beach-Urban land complex

Map Unit Setting
National map unit symbol: 1ig35
Eflevation: 10 to 20 feet
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Canaveral and similar soils: 31 percent
Palm beach and similar soils: 30 percent
Urban land: 29 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Canaveral

Setting
Landform: Flats on marine terraces, ridges on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A-0to 6inches: sand
C-6to 12 inches: sand
C- 12 to 80 inches: coarse sand

Properties and qualities

Slope: 0 to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Somewhat poorly drained

Runoff class: Low

Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to
50.02 in/hr)

Depth to water table: About 12 to 36 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 15 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 6.0

Available water storage in profile: Very low (about 1.4 inches)

12
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Interpretive groups
Land capability classification (irrigated). None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A/D
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: No

Description of Palm Beach

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Shells and sandy marine deposits

Typical profile
A -0to 3inches: sand
C - 3to 80 inches: sand

Properties and qualities

Slope: 0 to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Excessively drained

Runoff class: Negligible

Capacity of the most limiting layer to transmit water (Ksat). Very high (19.98 to
50.02 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 30 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Very iow (about 1.8 inches)

Interpretive groups
Land capability classification (irrigated)j: None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: A
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: No

Description of Urban Land
Setting
Landform: Marine terraces
Landform position (three-dimensional): Interfluve, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: No parent material

Interpretive groups
Land capability classification (irrigated): None specified

13
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Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: Unranked

Minor Components

Paola
Percent of map unit: 4 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001 FL), Forage
suitability group not assigned (G156BC999FL)
Hydric soil rating: No

Pomello
Percent of map unit: 3 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001 FL), Forage
suitability group not assigned (G156BC999FL)
Hydric soil rating: No

Welaka
Percent of map unit: 3 percent
Landform: Rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001 FL), Forage
suitability group not assigned (G156BC999FL)
Hydric soil rating: No

36—Myakka sand, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2twt9
Elevation: 10 to 130 feet
Mean annual precipitation: 43 to 62 inches
Mean annual air temperature: 64 to 77 degrees F
Frost-free period: 280 to 365 days
Farmland classification: Farmland of unique importance

Map Unit Composition
Myakka and similar soils: 85 percent
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Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Myakka

Setting
Landform: Flatwoods on marine terraces
Landform position (three-dimensional). Tread, talf
Down-slope shape: Convex
Across-siope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0to 6 inches: sand
E - 6 to 20 inches: sand
Bh - 20 to 36 inches: sand
C - 36 to 80 inches: sand

Properties and qualities

Slope: 0 to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Poorly drained

Runoff class: High

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 5.95 in/hr)

Depth to water table: About 6 to 18 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
_mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Low (about 5.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated). 4w
Hydrologic Soil Group: A/D
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: No

Minor Components

Basinger
Percent of map unit: 5 percent
Landform: Drainageways on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Convex, linear
Across-siope shape: Linear, concave
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands
(G155XB141FL)
Hydric soil rating: Yes

Oldsmar
Percent of map unit: 5 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Talf

15
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Down-slope shape: Convex

Across-siope shape: Linear

Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G155XB141FL)

Hydric soil rating: No

Valkaria

Percent of map unit: 5 percent

Landform: Drainageways on marine terraces

Landform position (three-dimensional): Dip

Down-slope shape: Convex, linear

Across-slope shape: Linear, concave

Other vegetative classification: Slough (R155XY011FL), Sandy soils on flats of
mesic or hydric lowlands (G155XB141FL)

Hydric soil rating: Yes

49—Pomello sand

Map Unit Setting
National map unit symbol: 1ig3y
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Pomello and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pomello

Setting
Landform: Rises on marine terraces, flats on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A-0to 3inches: sand
E - 3to 50 inches: sand
Bh - 50 to 62 inches: sand
Cg - 62 to 80 inches: sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Runoff class: Negligible

16
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Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95
in/hr)

Depth to water table: About 24 to 42 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Low (about 3.4 inches)

Interpretive groups
Land capability ciassification (irrigated). None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soiis on
rises and knolls of mesic uplands (G156BC131FL)
Hydric soil rating: No

Minor Components

Myakka
Percent of map unit: 5 percent
Landform: Fiats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G156BC141FL)
Hydric soil rating: No

immokaiee
Percent of map unit: 5 percent
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G156BC141FL)
Hydric soilf rating: No

51—Pompano sand, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2tzw4
Elevation: 0 to 40 feet
Mean annual precipitation: 44 to 58 inches
Mean annual air temperature: 68 to 77 degrees F
Frost-free period: 350 to 365 days
Farmiand ciassification: Not prime farmiand

17
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Map Unit Composition
Pompano and similar soils: 82 percent
Minor components: 18 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pompano

Setting
Landform: Drainageways on flatwoods on marine terraces
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear
Across-slope shape: Linear, concave
Parent material: Sandy marine deposits

Typical profile
A -0lo 6inches: sand
C - 6 to 80 inches: sand

Properties and qualities

Slope: 0 to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Poorly drained

Runoff class: Very high

Capacity of the most limiting layer to transmit water (Ksat): High to very high (6.00
to 20.00 in/hr)

Depth to water table: About 0 to 12 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0t02.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Very low (about 2.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Other vegetative classification: Slough (R155XY011FL), Sandy soils on flats of
mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: Yes

Minor Components

Myakka
Percent of map unit: 8 percent
Landform: Drainageways on flatwoods on marine terraces
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear
Across-slope shape: Concave, linear
Other vegetative classification: South Florida Flatwoods (R165XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G155XB141 FL)
Hydric soil rating: No

Holopaw
Percent of map unit: 4 percent
Landform: — error in exists on —
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Landform position (three-dimensional}: Tread, dip, talf

Down-slope shape: Convex, concave, linear

Across-slope shape: Linear, concave

Other vegetative classification: Slough (R155XY011FL), Sandy soils on flats of
mesic or hydric lowlands (G155XB141FL)

Hydric soil rating: No

Hallandale
Percent of map unit: 4 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Tread, talf
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: Yes

Samsula
Percent of map unit: 2 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional). Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL),
Organic soils in depressions and on flood plains (G155XB645FL)
Hydric soil rating: Yes

66—Bessie muck, tidal

Map Unit Setting
National map unit symbol: 1ig4g
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Bessie, tidal, and similar soils: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Bessie, Tidal

Setting
Landform: Tidal marshes on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Organic material over clayey and sandy marine deposits

Typical profile
Oa - 0 to 18 inches: muck
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2Cg - 18 to 44 inches: sandy clay
3Cg - 44 to 80 inches: loamy fine sand

Properties and qualities
Sliope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: Very frequent
Frequency of ponding: Frequent
Calcium carbonate, maximum in profile: 20 percent
Salinity, maximum in profile: Strongly saline (16.0 to 32.0 mmhos/cm)
Sodium adsorption ratio, maximum in profile: 60.0
Available water storage in profile: High (about 11.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydrologic Soil Group: C/D
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: Yes

69—Urban land

Map Unit Composition
Urban land: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Urban Land

Setting
Landform: Marine terraces
Landform position (three-dimensional): Interfluve, taif
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: No parent material

Interpretive groups
Land capability classification (irrigated): None specified
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: Unranked
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72—Welaka sand

Map Unit Setting
National map unit symbol: 1lg4n
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Weiaka and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Welaka

Setting
Landform: Rises cn marine terraces
Landform position (three-dimensional). Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0Qto 3inches: sand
E - 3to 18 inches: sand
Bw - 18 to 55 inches: sand
2C - 55 to 80 inches: gravelly fine sand

Properties and qualities

Slope: 0 to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Well drained

Runoff class: Negligible

Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to
50.02 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 5 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Very low (about 2.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soils on
ridges and dunes of xeric uplands (G156BC111FL)
Hydric soil rating: No
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Minor Components

Pomelio
Percent of map unit: 5 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001 FL), Sandy soils on
rises and knolls of mesic uplands (G156BC131FL)
Hydric soil rating: No

Paola
Percent of map unit: 5 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soils on
ridges and dunes of xeric uplands (G156BC111FL)
Hydric soil rating: No

100—Waters of the Atlantic Ocean

Map Unit Composition
Waters of the atlantic ocean: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Waters Of The Atlantic Ocean

Interpretive groups
Land capability classification (irrigated): None specified
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: Unranked
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1 Executive Summary

The Brevard County Utility Services Department (USD) provides wastewater service to both
residential and commercial customers throughout the County’s service area. The existing
Riverside Drive force main includes approximately three miles of the county’s primary

transmission main to the South Beaches Regional Wastewater Treatment Plant.

The proposed force main replacement project is needed to eliminate the repeated force main
breaks that have been occurring along this stretch of pipeline and to satisfy the current Florida
Department of Environmental Protection (FDEP) consent order that has been issued against the

county for these pipe breaks.

The force main replacement project will allow the county to resolve critical failures within their
sewer transmission system and continue to provide reliable wastewater collection and treatment

to the county’s service area.

This document demonstrates that the construction and operation of the proposed improvements
are in the public interest and will not cause adverse health and environmental impacts.
Terrestrial and aguatic communities will not be negatively affected. Threatened or endangered
species will be unaffected. This project will not impact any known archeologically sensitive
areas. Construction for the new force main will be limited to FDOT and county right-of-way, and
will follow the existing force main alignment to minimize any additional conflicts. Furthermore,

there are no environmental justice concerns with this project.

The County is familiar with the requirements of the State Revolving Fund (SRF) Program, and
has previously gone through the SRF process. They understand the program requirements and

will fully comply with the planning and design submittal guidelines.



1.1 Project Description and Location

The County’s South Beaches Force Main System consists of roughly 13 miles of 20” and 24”
force main that provides collection and transmission from over forty lift stations throughout the
South Patrick Shores and Melbourne area, and ultimately terminates at the South Beaches
Regional Wastewater Treatment Plant. The force main system is comprised of a combination of
ductile iron and polyvinyl-chloride (PVC) pipe. The two sections of PVC force main within this
pipe system have been identified as needing replacement. The first segment of PVC force main
replacement (1.0 mile long) is from DeSoto Parkway to Banana River Drive and is currently
being replaced, with construction expected to be complete by June of 2018. The second area of
force main replacement (3.3 miles long) will be the focus of this facility plan and is referred to as
the Riverside Drive Force Main replacement project. The Riverside Drive force main segment
provides service to roughly 44,000 residential and commercial customers throughout the area.
Figures 1-1 and 1-2 depict the overall location of the project, the existing system limits, and the

proposed project layout.

The Riverside Drive Force Main Replacement project starts at Eau Gallie Boulevard and runs
south along Riverside Drive all the way to the intersection of Oakland Avenue. The project will
include the installation of roughly 3.3 miles of new ductile iron force main, isolation valves, air
release vaives, pipe fittings, reconnection of existing lift stations within the project area, and the

removal/abandonment of the existing 24" PVC force main.
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1.2 Justification for Project
The force main replacement project discussed within this document is needed for the following

reasons listed below.

e Toresolve the recurring pipe breaks in the existing force main
» To eliminate the resultant sewage spills related to pipe failures

e To satisfy the current FDEP consent order against the Brevard County USD

1.2.1 Force Main Breaks and Failures
The South Beaches Force Main System has experienced a significant number of pipe failures

over the last few years. The force main failures documented have all been concentrated in the
areas where the pipe material is PVC. Various studies have been done on these sections of
piping to determine the cause of the pipe failures. Table 1-1 shows a summary of the pipe
failure by type that have occurred to date. The findings from the studies that have been done
show that the pipeline was not installed properly due to over deflection of the joints, a lack of
pipe restraints, and improper compaction of pipe backfill. In addition, a surge analysis study
showed both negative system pressures and pressure surges in the system that would cause
weak points in the system to fail. Due to the number of pipe failures and the findings from the
force main studies, the complete replacement of the remaining PVC pipe from Eau Gallie Bivd
to Oakland Avenue is recommended. Figures 1-3 and 1-4 show the pipe failure locations within

the limits of the Riverside Drive Force Main Replacement project.

Table 1-1: South Beaches Force Main Failures by Type

Type of Break Occurrences
Bell Spilit 10

Leak 11

Joint Separation 2

Other 3




Figure 1-4: Force Main Breaks: Paradise Blvd to Oakland Avenue



1.2.2 Eliminate Sanitary Sewer Spills
The South Beaches Force Main system parallels thirteen miles along the Indian River Lagoon.

The Indian River Lagoon is classified under the Florida Administrative Code (FAC) 62-302.700
as an Outstanding Florida Water (OFW) and the Brevard County USD is committed to affording
the highest level of protection. Due to the proximity of this force main route to the Indian River
Lagoon, any pipe failures resulting in a sanitary sewer overflow (SSO) would pose a direct
impact to the lagoon. In addition to the close proximity to the lagoon, the force main system
crosses multiple canals and navigable waterways that are directly connected to the Indian River
Lagoon. Any pipe failures at these water crossings would result in a direct sewage discharge
into the lagoon. By replacing the last section PVC force Main in the system along Riverside
Drive, the USD would be able to greatly reduce the risk of future SSO's in the South Beaches

area.

1.2.3 Satisfy FDEP Consent Order
In November 2016, the Florida Department of Environmental Protection issued a Consent Order

related to sewage spills resulting from these force main breaks, which can be found in
Appendix A. Included in the Consent Order is the requirement that Brevard County USD
conduct a study to determine the cause of the failures within the force main system, and put a
plan into place to address the issues. The USD completed a force main system study
(Appendix B) and a surge analysis study (Appendix C), and as a result of the
recommendations from these studies the USD determined that the defective pipeline should be
replaced. Therefore, to satisfy the current FDEP consent order, the County is required to
replace the defective pipe sections as per the recommendations of the South Beaches Force
Main Study.

2 Alternatives Comparison

2.1 Force Main Replacement Alternatives
Due to the frequent pipe failures that have occurred over the last few years, the potential public

and environmental risks due to SSO's, and the current FDEP consent order against the county,
it is evident that action must be taken to address this issue. The following alternatives are

evaluated herein:

e Point Repair Existing 24" PVC Force Main
e Complete Replacement with 24" Ductile Iron (DI) Force Main

¢ Complete Replacement with 30" Ductile Iron (DI) Force Main with Surge Tanks



A comparison of alternatives is based on project cost, system reliability, environmental impact,
and future capacity/life. Each of the alternatives are evaluated and ranked form lowest to
highest, 1 to 3. The points are totaled and the highest point total is the recommended

alternative.

Lowest cost projects have the highest ranking. The most reliable options and the options with
least environmental impacts also receive priority ranking. Finally, those options with the most

benefits for future lifespan/capacity receive the highest ranking.

2.1.1 Point Repair Existing 24” PVC Force Main
The first alternative is that Brevard County USD can elect to leave the existing 24" PVC force

main in place, and perform point repairs based on suspected problems within the system. This
option would require the County to develop a list of repairs and improvements based on past
pipe failure patterns, information provided from previous system evaluations/studies, and based
on additionai exploratory efforts. Improvements would include installing joint restraints on the
existing force main, replacing pipe segments in areas with multiple failures, replacing pipe
segments with excessive joint deflection or settlement, and replacing the segment of pipe under
the canal. The primary benefits of this alternative is lower construction costs, and less
impact/disruption due to limited pipe replacement. In Table 2-1, the conceptual cost estimate
for this alternative is roughly $2.1 million. There are several significant disadvantages to this
option, which include poor reliability, continued risk to the public/environment, unaddressed
system pressure issues, and limited long term lifespan. Since the feasibility of locating and
repairing every weak point in this system is not practical, the assumption would have to be
made the pipe failures will continue to occur periodically into the foreseeable future. An
assumption of two breaks per year, for a period of ten years, was made for the purposes of the
cost estimate. In addition each pipe failure that occurs poses a potential risk to both the public
health and the surrounding environment, including the Indian River Lagoon. Finally, the long-
term lifespan of a pipe system that has been patched in multiple places is not sustainable, and

the system would eventually need to be replaced.



Table 2 1 Conceptual Cost Estimate-Point Repair EX|st|ng 24" Force Mam

tion/General Gonditions for Infrastructure Imporvemen(s 1 $30,000

2 Maintenance of Traffic 1 LS $30 000.00 $30,000
3 Bonds and Insurance Requirements 1 LS $5,000.00 $5,000
4 Force Main Locating Senices 1 LS $10,000.00 $10,000
5 Professional Videotaping of Site Conditions (Pre/Post Constructian) 1 LS $5,000.00 $5,000
6 Contingency (20% of tem 2-General Sitework Subtotal) $339,950
| SUBTOTAL $419,950

Wz Tl AR By U Ve A L W B2 2, L T S e Ly L dSea BT

7 RemowRep!aw 24 PVC Force Main 2655 LF $150.00 $398.250
8 Post Restrain 24" PVC Force Main 100 EA $800.00 $80,000
9 Replace 24" Canal Crossing (HDD) 1 LS $85,000.00 $85,000
10 Utility Fitting - Ductile lron Elbow - 24" 15 EA $7,000.00 $105,000
1 Paint Repairs (2 per year, for 10 Years) 20 EA $40,000.00 $800.000
12 Removwe and Replace Concrete Sidewalk 1000 SF $25.00 $25,000
13 Base and Asphalt Trench Repair 800 SY $50.00 $40,000
14 Asphalt Milling & Overlay 1000 SY $15.00 $15,000
15 Remowe and Replace Concrete Driveway Apron 500 SY $60.00 $30,000
16 Pavement Striping 1 LS $5,000.00 $5,000
17 Remowe and replace Unsuitable Materials 300 cY $30,00 $9,000
18 Seeding 2500 SY $2.00 $5,000
19 Sodding 2500 SY $5.00 $12,500
20 Landscaping 1 LS $10,000.00 $10,000
21 Pressure Testing 1 LS $5,000.00 $5,000
22 Density Testing 1 LS $25,000.00 $25,000
23 Dewatering 1 LS $50,000.00 $50,000

CONSTRUCTION SUBTOTAL| $1,699,750
TOTAL ESTIMATED COST| $2,119,700
*Assume 15% of Existing 24" Force Main Needs Replacemenl. LOW (-15%) $1,801,745
*Assume (2) Point Repairs Required per Year, for 10 Year Period. HIGH (+20%) $2,543,640

2.1.2 Complete Replacement: 24” Ductile Iron Force Main
The second alternative evaluated for this facility plan is the complete replacement of the existing

24” PVC force main with a new 24" ductile iron force main. The primary benefit of this
alternative is that all remaining PVC pipe within the South Beaches Force Main system would
be replaced with ductile iron. Replacement of the existing 24” PVC force main would eliminate
all issues identified in the previous study with regard to improper pipe installation, joint
restraints, and compaction. The ductile iron force main would provide a much higher level of
protection against future breaks, and therefore remove the public health/environmental impacts.
In addition, this alternative would likely extend the life of the pipe system for the next 50+ years,
conservatively. The disadvantages of this alternative include construction cost, site construction
impacts, and unaddressed issues with pressures in the system. The conceptual cost estimate
for this alternative is $6.3 million, as seen in Table 2-2, is more expensive that the point repair
alternative due to the extent of construction required to replace the entire 3.3 miles of pipeline.
The replacement of the entire pipeline would also have more of a construction impact to the
community and local residents. Another drawback to this alternative is that it does not address
the negative system pressures and pressure surges that were identified in the surge analysis

study, and this would require additional action to be taken in the future.
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1 Mabilization/Demobilization/General Conditions for Infrastructure Imponements 1 LS $50,000.00 $50,000
2 Maintenance of Traffic 1 LS $30,000.00 $30,000
K| Bands and Insurance Requirements 1 LS $5,000.00 $5,000
4 Suney Layout & Record Drawings 1 LS $30,000.00 $30,000
5 Professional Videotaping of Site Conditions (Pre/Post Construction) 1 LS $5,000.00 $5,000
6 Contingency (20% of ltem 2-General Sitework Subtotal) $1,032,840
SUBTOTAL $1,152,840
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7 Utility Pipe - 24" Ductile Iron Force Main 17700 LF $200.00 $3,540,000
8 Utility Fitting - Ductile Iron Elbow - 24" 35 EA $7,000.00 $245,000
9 Utility Fixture - Valve Assembly - 24" 8 EA $32,000.00 $256,000
10 Utility Fixture - Tapping Sleewe/Valwe - 24" 2 EA $48,000.00 $96,000
11 Utility Fixture - 2" Air Rel Valwe [ EA $6.000.00 $36,000
12 24" HDD Canal Crossing 1 EA $85,000.00 $85,000
13 Remove and Replace Concrete Sidewalk 15000 SF $25.00 $375,000
14 Base and Asphalt Trench Repair 800 SY $50.00 $40,000
15 Asphalt Milling & Oweray 1000 sY $15.00 $15,000
16 Remowe and Replace Concrete Driveway Apron 860 SY $60.00 $51,600
17 Pawement Striping 1 LS $10,000.00 $10,000
18 Flowable Fill 24" Force Main 17700 LF $6.00 $141,600
19 Remowe and replace Unsuitable Materials 1000 cY $30.00 $30,000
20 Seeding 4000 SY $2.00 $8,000
21 Sodding 7000 SY $5.00 $35,000
22 L andscaping 1 LS $20.000.00 $20,000
23 Density Testing 1 LS $25,000.00 $25,000
24 Pressure Testing i LS $5,000.00 $5,000
25 Dewatering 1 LS $150,000.00 $150,000
CONSTRUCTION SUBTOTAL | $5,164,200
TOTAL ESTIMATED COST| $6,317,040
LOW (-15%) $5,369,484
HIGH (+20%) $7,580,448

2.1.3 Complete Replacement: 30” Ductile Iron Force Main with Surge Tanks
The third alternative considered is the complete replacement of the existing 24" PVC force main

with a new 30" ductile iron force main, and the installation of pressure surge tanks at strategic
locations. Like the previous alternative, the benefit of this option is that all remaining PVC pipe
within the South Beaches Force Main system would be replaced with ductile iron, and this would
eliminate all issues identified in the previous study with regard to improper pipe installation, joint
restraints, and compaction. The ductile iron force main would provide a much higher level of
protection against future breaks, and therefore remove the public health/environmental impacts.
This alternative would also extend the life of the pipe system for the next 50+ years,
conservatively. An additional benefit of using 30" DI pipe is that this would help alleviate the
high pressures seen in the existing force main system. Based on the force may study that was
done, upsizing the Riverside Drive Force Main to 30” would lower system pressures, reduce the
total dynamic head seen by the pump stations, and ultimately provide added insurance against
future pipe failures. Finally, this alternative would provide a solution for excessive pressure
fluctuations within the force main system by utilizing pressure surge tanks. Based on the surge
analysis report in Appendix C, surge tanks are recommended at the existing B-19 and B-20 lift
stations to protect the system from both pressure spikes and negative pressures. The

disadvantages of this alternative include construction cost and site construction impacts. The



conceptual cost estimate for this alternative is $7.8 million, as seen in Table 2-3, is more

expensive that both the point repair alternative and the 24” pipe replacement alternative.

Table 2-3: Conceptual Cost Estimate-30” Force

Main Replacement with Surge Tanks

MNO. L DESCRIPTION =~ [Qus NIT|  UNITPRICE | TOTAL
= | = b - el T A r S A . o = e e S St e =]
1 Mobilization/Demobilization/General Conditions for 1 LS $50,000.00 $50,000
2 |Maintenance of Traffic 1 LS $30,000.00 $30.000
3 |Bonds and Insurance Requi 1 LS $5,000.00 $5,000
4 Suney Layoul & Record Drawings 1 LS $30,000.00 $30,000
5 IP fessional Vid ping of Site Conditions (Pre/Post Construction) 1 LS $5,000.00 $5,000
6 |Contingency (20% of ltem 2-General Si k Subtotal) §1,285,840
| SUBTOTAL $1,405,840
o e N T T: A o J T RS EPENS Ty w2 A WO e ¥ 0, ) WPy
7 Ultility Pipe - 30" Ductile Iron Farce Main 17700 LF $250.00 $4,425,000
] Utility Fitting - Ductile Iren Elbow - 30° 35 EA $8,000.00 $280,000
9 Utility Fixture - Valve A bly - 30° 8 EA $40,000.00 $320,000
10 Utility Fixture - Tapping Sleewe/Valwe - 307 2 EA $56,000.00 $112.000
11 Utility Fixture - 2" Air Rel Valve 6 EA $6,000.00 $36.000
12 30" HDD Canal Crassing 1 EA $100,000.00 $100,000
13 Force Main Surge Tank with Piping 2 EA $125,000.00 $250,000
14 Remove and Replace Concrete Sidewalk 15000 SF $25.00 $375,000
15 Base and Asphalt Trench Repair 800 SY $50.00 $40,000
16 Asphalt Milling & Owerlay 1000 SY $15.00 $15,000
17 Remowe and Replace Concrele Driveway Apron 860 SY $60.00 $51,600
18 Pavement Striping 1 LS $10,000.00 $10.000
19 Flowable Fill 24" Force Main 17700 LF $8.00 $141,600
20 Remoe and replace Unsuitable Materials 1000 cY $30.00 $30,000
21 Seeding 4000 sY $2.00 §$8,000
22 Sodding 7000 SY $5.00 $35,000
23 Landscaping 1 LS $20,000.00 $20,000
24 Density Testing 1 LS $25,000.00 $25,000
25 Pressure Tesling 1 LS $5,000.00 $5,000
26 Dewatering 1 LS $150,000.00 $150,000
CONSTRUCTION SUBTOTAL | 56,429,200
TOTAL ESTIMATED COST| $7,835,040
LOW (-15%) $6,659,784
HIGH (+20%) $9,402,048

2.1.4 Conclusions

This evaluation includes a comparison between three different alternatives including point
repairing the existing 24” PVC force main, replacing the existing 24” PVC force main with a 24
ductile iron force main, and replacing the existing 24” PVC force main with a 30” ductile iron
force main and surge tanks. Additional evaluation criteria are listed below.

Alternative #1 — Point Repair 24” PVC Force Main

Advantages
e Lower construction cost

Least amount of impact to community
Disadvantages

o Low reliability

e Future pipe failures likely

e Continued SSO risk to public and environment
e Doesn't address pressure issues in force main

Alternative #2 — 24” Ductile Iron Force Main Replacement
Advantages

¢ Resolves issue with improper PVC pipe installation
e Reduces risk of future pipe failures
* Extends the future lifespan of force main system



Disadvantages
¢ Higher Construction Cost

e Greater construction impact to community
* Doesn’t address high pressures in force main

Alternative #3 — 30” Ductile Iron Force Main Replacement with Surge Tanks

Advantages
e Resolves issue with improper PVC pipe installation

e Resolves the issue of both high and negative pressures in the pipe system
e Greatly reduces risk of future pipe failures
o Extends the future lifespan of force main system

Disadvantages
o Higher Construction Cost

e Greater construction impact

A tabular listing of evaluation criteria for each alternative to address the Riverside Drive Force

Main failures is listed below in Table 2-4.

Table 2-4: Alternatives Evaluation Criteria

Evaluation Criteria ATHDT 7 A St S
. *Project System Environmental Future
No. Alternative Cost Reliability Impact | CapacityiLife | 194!
1 |Point Repair Existing 24" PVC Force Main 3 1 1 1 9
2 |Replacement: 24" DI Force Main 2 2 2 2 10
3 |Replacement: 30" DI Force Main w/Surge Tanks 1 3 3 3 11
*Cost Factor Muiltiplied by 2.0

Based on the evaluation contained herein, Alternative #3, the repiacement of the existing 24"
force main with a new 30" DI force main and surge tanks is recommended as the preferred

option.

3 Environmental Effects

3.1 Physiography

3.1.1 Physiographic Regions

Brevard County has three major physiographic regions: the Atiantic Coastal Ridge/Coastal
Zone, the St. Johns Valley, and the Barrier Islands. The project alternatives in this facility plan
fall within the Barrier Islands region. The Barrier Island is separated from the Brevard County
mainland by the Indian River and is bordered on the east by the Atiantic Ocean. Merritt island
varies in width from less than one mile to about ten miles. The Barrier Islands range in

elevation from sea level to about twenty feet.



3.1.2 Soils
The soils survey prepared by the United States Department of Agriculture (USDA) National

Resource Conservation Service (NRCS) shows one primary soil associations with four other
minor soil associations in the project area. The primary soil classification according to the
NRCS soil survey is 71.9% Welaka Sand. The entire soil survey with soil classifications can be

found in Appendix D.

3.1.3 Water Resources
The Indian River is a major surface water body, which separates the Brevard County mainland

from Merritt Island that can be described as a series of shallow poorly flushed, brackish
lagoons, separated by manmade barriers in the form of causeways. The river system contains
both Class Il and Class Il waters, as currently classified by the Florida Department of
Environmental Protection. The Indian River was given additional protection by legislative act.
The river has historically been a very productive estuarine system. Pollution loads cannot be
readily assimilated by the river system. This is generally due to the poor water circulation within
the system caused by indiscriminate dredging, filling, and bulk heading. The lack of assimilative

capacity has resulted in increased stress to the system.

3.1.4 Floodplains
The Federal Emergency Management Agency (FEMA) has established flood plains throughout

the country and maintains their Flood Insurance Rate Maps (FIRMs). The force main alignment
being evaluated in this facility plan is graphically represented in Figure 3-1. These maps have
been reviewed in conjunction with the project alternatives identified in this Facility Plan. There

are no detrimental effects to flood plain development resuiting from projects in this plan.
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Figure 3-1: FEMA Flood Zones Map

3.1.5 Historic or Archeological Site
Brevard County is planning to repair and/or replace the existing 24" force main along Riverside

Drive within the existing boundaries of the current force main limits. There are no known

archeological or historic sites that will be affected by the project proposed in this plan.

3.1.6 Wildlife and Endangered Species
There are several mammals, birds, reptiles, fish, and plants listed as threatened, endangered,

or of special concern that are present in Brevard County. The proposed project identified in this
facility plan will not have any impacts upon the endangered or threatened species in this region.
The full list of Florida’s federally listed plant species can be found at:
https://www.freshfromflorida.com/Divisions-Offices/Florida-Forest-Service/Our-Forests/Forest-
Health/Florida-Statewide-Endangered-and-Threatened-Plant-Conservation-Program/Florida-s-
Federally-Listed-Plant-Species. A full list of the FWC's listed species may be viewed by visiting
the FWC website at: http://myfwe.com/wildlifehabitats/imperiled/profiles/. Some of the listed

species can be found in areas nearby the proposed project; however, because the project

construction area is within a cleared existing right-of-way along Riverside Drive there are no



listed species that would be directly affected by the proposed project. The following Table 3-1

summarizes the endangered and threatened species found in Brevard County.

Table 3-1: Protection Status of Wildlife Found in Brevard County

Consmon Name Status Commeon Nams Status
Ewerglades Snal Kite Enasngerad |Rivuiss Speclol Concem
Viood Stark Thevatened Corrmenon Snook Theoatonod
Roseato Spaontl Endangerad
Lhtle Blus Homn " Encangerad Common Hame Stetus
ReddshEget | ~  Thmataned  JWest Indan Manateo Theoatoned
Snowy Bgrot Spacial Concern Flenda Mink Spacial Conosm
Lovmisne Horon Specist Concern [Reund Tailed Muskrst b uR2
Harognn Faken Specit Concem inae Mouse L2
Southem Kestal UR2 |Fex Squimal Specisl Concem
Amarican Oystor Cacher " Thwatened | Southeasbesn Baoch Metsa Trweaonod B
Sauifem Geld Eage Special Concern
Ouproy Theestined Common Name Status
Biown Palican Specisl Concden Amwdcan Aligator Spacisl Concem
Least Tam ~ Endangerod Hawkstill Turtie Endangered
Rosssto Tom Endangorad  [Ridiey Turlle Endangered
Audubon's Crestad Camcans Theeatanad Heowk sbill Sea Turlle iy Endangired
Piing Plawar T Treoatcned  |Loathertack Sea Tutic - ~Endangeced il
Florida Sciub Jay | Thweiwned |Geen Sos Tistle - __Tiwestened
Red Knat Thvuatanad Loggomaod See Turtle Theomtaned

AManiic Seit Marsh Sneke Theaatoned

Common Name Satum Eastomn S0 Srake Theaatanad
Lewions Folygals Endingend Gopher Torkos e Carssidate
Cosstai Varwin Spocisl Concern
Prickly Pear Thesiatited
Sea Lovendes Special Concermn
Carters Mustard Enddngerad

3.2 Environmental/Community Benefits
The repair and/or replacement of the Riverside Drive Force main will greatly reduce the

potential for future sewage spills into the environment and reduce construction impacts due to

emergency pipe repair. The Riverside Drive Force Main has had multiple failures over the past

few years, which have all had an adverse effect on the both the environment and the

community. With each pipe failure, there is a usually a corresponding sewage spill that is

released into the environment. These spills affect the quality of ground water, soil conditions,

and nearby surface water bodies. Depending on the location and extent of the spil, public

notices are often issued to warn residents about the potential hazards. In addition to the

environmental hazard, the repair of a large diameter force main along a major roadway often

causes road closures and traffic delays. By implementing the proposed project in this facility

plan, these environmental and community impacts could be mostly eliminated.



3.3 Environmental/Community Impacts
The impacts to the environment and the community as a result of this project are minimal.

Community impacts would be limited to temporary lane shifts and lane closures during
construction and some traffic delays as a result of the new traffic patterns. The majority of the
construction work would occur outside of the travel lanes, and would be in the unpaved right-of-
way. Most of the impacts to the travel lanes would be where the new force main crosses the
side streets along the proposed alignment.

Environmental impacts would also be very limited due to the fact that the new force main would
be placed in the same alignment as the existing force main, and there would be no additional
clearing or disruption to the surrounding areas. The proposed project would include a force
main crossing underneath a canal. To avoid any environmental impacts at this canal crossing,
a trenchless installation method would be used. Horizontal directional drilling would be the

preferred installation method, and would eliminate the need to impact the waterway.



4 Selected Alternative
4.1 30” DI Force Main Replacement with Surge Tanks

Based on the evaluation criteria established in this facility plan, the 30" DI Force Main
Replacement with Surge Tank Alternative was determined to be the best option. This
alternative addresses all of the issues identified in the South Beaches Force Main Study, and
provides the lowest amount of risk for the occurrence of future pipe failures. By upsizing the
existing force main to 30", the force main system will see lower pressures in the Riverside Drive
segment, which will in turn reduce stress on the pipe. In addition, using ductile iron pipe in lieu
of plastic pipe will provide a much stronger pipe system that is less prone to breaks and joint
failure. The new system will be designed with the appropriate pipe restraints and/or thrust
blocks to prevent joint failures. Air release valves will be installed at the high points in the
system, and isolation valves will be installed every 800 to 1,000 feet and at major junctions. In
general, the new force main system will follow the alignment of the existing 24” force main,
which will minimize the amount of new impacts to the surrounding infrastructure. Figure 4-1
shows the overall project layout of the proposed force main alternative. Additionally, this
alternative will include the installation of pressure surge tanks at the B-19 and B-20 Lift Stations.
The surge tanks would be roughly 10,000 gallon vertical surge tanks with internal air bladder
systems. The tanks would be installed at existing lift station sites, and would not require any
additional land acquisition. Figure 4-2 shows the proposed surge tank locations, and Figure 4-3
shows a typical surge tank schematic detail. The conceptual construction cost estimate for the
30" ductile iron force main replacement with surge tanks alternative is roughly $7.8 million.
Although this alternative is the most expensive, this option is the only one that addresses all of
the system issues that have been identified and therefore provides the highest level of safety for

both the environment and the public.
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BEFORE THE STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

STATE OF FLORIDA DEPARTMENT

) IN THE OFFICE OF THE
OF ENVIRONMENTAL PROTECTION ) CENTRAL DISTRICT
)
v. ) OGC FILE NO. 16-1352
)
BREVARD COUNTY )
CONSENT ORDER

This Consent Order ("Order”) is entered into between the State of Florida Department
of Environmental Protection (" Department”) and Brevard County (“Respondent”) to reach
settlement of certain matters at issue between the Department and Respendent.

The Department finds and Respondent admits the following:

1. The Department is the administrative agency of the State of Florida having the
power and duty to protect Florida's air and water resources and to administer and enforce the
provisions of Chapter 403, Florida Statutes (*F.5.”), and the rules promulgated and authorized
in Title 62, Florida Administrative Code ("F.A.C.”}. The Department has jurisdiction over the
matters addressed in this Order.

2, Respondent is a person within the meaning of Section 403.031(5), F.S.

3. Respondent is the owner and is responsible for the operation of the Brevard
County Utilities Department (BCUD) South Beaches wastewater treatment facility (WWTF)
and collections system, an 8.0 MGD annual average daily flow (AADF) domestic WWTF
facility with surface water discharge (D-001), underground injection (U-001), and tand
application (R-001) {“Facility”). The Facility is operated under Wastewater Permit No.
FL0040622 (“Permit”), which was issued on March 13, 2014 and will expire on March 19, 2019.
The Facility is located at 2800 South Highway A1A, Melbourne Beach, FL 32951, in Brevard
County, Florida (“Property”). Respondent owns the Property on which the Facility is located.

4. The Department finds that the following violation(s) occurred:

a) A force main break on South Patrick Drive between DeSoto Parkway and

Banana River Drive caused three unauthorized discharges of raw wastewater totaling
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" approximately 1,521,000 gallons on September 20, 2016. Two to Class 1l surface waters,
733,000 gallons and 578,000 gallons, and an additional 210,000 gallons to a stormwater pond.
The releases are in violation of 62-604.130 F.A.C., 62-604.500(2) F.A.C., and F S. Chapter
403.121(3)(b).

Having reached a resolution of the matter Respondent and the Department mutually
agree and it is

ORDERED:

Bt Respondent shall comply with the following corrective actions within the stated
time periods:

a) Within 365 days of the effective date of this Order, replace the 1.1-mile
section of the BCUD South Beaches collection system force main along South Patrick Drive
between DeSolo Parkway and Banana River Drive with a recent history of line breaks. The
Department recognizes that the Respondent has initiated addressing the subject force main as
of June 2016. A Task Order was executed to design and construct replacement pipe on August
23,2016 and the Brevard County Board of Commissioners initiated emergency conditions to
waive the bidding process in order to expedite the replacement project on September 27, 2016.
Respondent submitted copies of these orders to the Department on October 24, 2016,

b) Within 30 days of the effective date of the Order, provide a plan outlining
best management practices (BMPs) and spill prevention and response measures which will be
implemented during the replacement of the affected portion of the collection system to prevent
any additional unauthorized releases.

'C) Within 365 days of the effective date of this Order, complete an evaluation
of the 2.8-mile section of the force main on South Patrick Drive/North Riverside Drive
between DeSoto Parkway and Sand Dollar Road in accordance with paragraph 6, below.

d) Within 60 days of the complelion of paragraph 5¢c, above, submit the
results of the evaluation along with a plan and schedule for corrective action, if applicable.

e) Within 180 days of the effective date of this Order, provide a long-term

maintenance plan of the entire BCUD South Beaches collection system to prevent similar

DW/CO September 2015
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- discharges in the future. The maintenance plan shall include an up-to-date project list for
rehabilitation and maintenance based on the Infrastructure Asset Evaluation completed by
Brevard County Utilities in 2013, or any additional more recent evaluations.

f) Every calendar quarter after the effective date of this Order, Respondent
shall submit in writing to the Department a report containing information concerning the
status and progress of projects being completed under this Order, information as to
compliance or noncompliance with the applicable requirements of this Order including
construction requirements and effluent limitations, and any reasons for noncompliance. These
reports shall also include a projection of the work to be performed pursuant to this Order
during the 12-month period which will follow the report. These reports shall be submitted to
the Department within 30 days following the end of the quarter.

6. The Respondent shall continue the retained services which commenced on

August 23, 2016 of a professional engineer, registered in the State of Florida, to accomplish all

of the following:
a) Evaluating the Facility’s associated collection system to discover the cause or

causes of the noncompliance,

b) Designing modifications of collection systems to ensure the system will function
in full and consistent compliance with all applicable rules of the Department.

c) Completing an application for a Department wastewater permit to construct the
modifications listed in subparagraph (b} of this paragraph, if such a permit is required.

d)  Overseeing the construction of any modifications to the Facility, effluent disposal
system, or collection system.

e) Submitting to the Department a Certification of Completion, prepared and sealed
by a professional engineer registered in the State of Florida, stating that modifications to the
Facility, effluent disposal system, and collection system have been constructed in accordance
with the provisions of the Permit.

f) In the event the Department requires additional information to process the

permil application described in subparagraph (c) of this paragraph, providing a written

DW/CO September 2015
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response containing the information requested by the Department within 30 days of the date
of the request.

7. Within 90 days of the effective date of this Order, Respondent shall submit a
complete application for a Department wastewater permit to construct the modifications listed
in subparagraph 6b, if such a permit is required.

8. Within 270 days of the date a wastewater permit is issued, or, if no permit is
required, within 365 days of the effective date of this Order, Respondent shall complete
construction of the modification(s) developed pursuant to paragraph 6 and submit a
Certification of Completion, prepared and sealed by a professional engineer registered in the
State of Florida, stating that modifications to the Facility, effluent disposal system, and
collection system have been constructed in accordance with the provisions of the Permit.

2 Notwithstanding the time periods described in the paragraphs above,
Respondent shall complete all corrective actions required by paragraphs 5 and 6 within 365
days of the effective date of this Order and be in full compliance with Rule 62-604, F.A.C.,
regardless of any intervening events or alternative time frames imposed in this Order, other
than those excused delays agreed to by the Department, as described in paragraph 17, below.

10.  Within 90 days of the effective date of this Order, Respondent shall submit a
written estimate of the total cost of the corrective actions required by this Order to the
Department. The written estimate shall identify the information the Respondent relied upon
to provide the estimate,

11. Within 45 days of the effective date of this Order, Respondent shall pay the
Department $2,750.00 in settiement of the regulatory matters addressed in this Order. This
amount includes $2,500.00 for civil penalties and $250.00 for costs and expenses incurred by
the Department during the investigation of this matter and the preparation and tracking of this
Order. The civil penalties are apportioned as follows: $2,500.00 for violation of Florida Statute
(F.5.) 403.121(3)(D).

12 Respondent agrees to pay the Department stipulated penalties in the amount of

$100 per day for each and every day Respondent fails to timely comply with any of the

DW/CQO September 2015
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requirements of paragraph(s) 5, 6, 9 of this Order. The Department may demand stipulated
penalties at any time after violations occur. Respondent shall pay stipulated penalties owed
within 30 days of the Department’s issuance of written demand for payment, and shall do so
as further described in paragraph 13, below. Nothing in this paragraph shall prevent the
Department from filing suit to specifically enforce any terms of this Order. Any stipulated
penalties assessed under this paragraph shall be in addition to the civil penalties agreed to in
paragraph 11 of this Order.

13.  Respondent shall make all payments required by this Order by cashier's check,
money order or on-line payment. Cashier’s check or money order shall be made payable to
the “Department of Environmental Protection” and shali include both the OGC number
assigned to this Order and the notation “Water Quality Assurance Trust Fund.” Online
payments by e-check can be made by going to the DEP Business Portal at:

http:/ /www fldepportal.com/go/pay/. It will take a number of days after this order is final

and effective filed with the Clerk of the Department before ability to make online payment is
available.

14.  Exceptas otherwise provided, all submittals and payments required by this
Order shall be sent to Megan Warr, Environmental Specialist I1/Compliance Assurance
Program, Department of Environmental Protection, 3319 Maguire Blvd, Suite 232, Orlando,
Florida 32803-3767.

15.  Respondent shall allow all anthorized representatives of the Department access
to the Facility and the Property at reasonable times for the purpose of determining compliance
with the terms of this Order and the rules and statates administered by the Department.

16.  Inthe event of a sale or conveyance of the Facility or of the Property upon which
the Facility is located, i all of the requirements of this Order have not been fully satisfied,
Respondent shall, at least 30 days prior to the sale or conveyance of the Facility or Property,
(a) notify the Department of such sale or conveyance, (b) provide the name and address of the
purchaser, operator, or person{s) in control of the Facility, and (c} provide a copy of this Order

with all attachments to the purchaser, operator, or person{s} in control of the Facility. The sale

DW/CO September 2015
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or conveyance of the Facility or the Property does not relieve Respondent of the obligations
imposed in this Order.

17. Ifany event, including administrative or judicial challenges by third parties
unrelated to Respondent, occurs which causes delay or the reasonable likelihood of delay in
complying with the requirements of this Order, Respondent shall have the burden of proving
the delay was or will be caused by circumstances beyond the reasonable control of Respondent
and could not have been or cannot be overcome by Respondent's due diligence. Neither
economic circumstances nor the failure of a contractor, subcontractor, materialman, or other
agent (collectively referred to as “contractor”) to whom responsibility for performance is
delegated to meet contractually imposed deadlines shall be considered circumstances beyond
the control of Respondent (unless the cause of the confractor's late performance was also
beyond the conlractor's control). Upon occurrence of an event causing delay, or upon
becoming aware of a potential for delay, Respondent shall notify the Department by the next
working day and shall, within seven calendar days notify the Department in writing of (a) the
anticipated length and cause of the delay, (b) the measures taken or to be taken to prevent or
minimize the delay, and (c) the timetable by which Respondent intends to implement these
measures. If the parties can agree that the delay or anticipated delay has been or will be
caused by circumstances beyond the reasonable control of Respondent, the time for
performance hereunder shall be extended. The agreement to extend comphance must identify
the provision or provisions extended, the new compliance date or dates, and the additional
measures Respondent must take to avoid or minimize the delay, if any. Failure of Respondent
to comply with the notice requirements of this paragraphina timely manner constitutes a
waiver of Respondent's right to request an extension of time for compliance for those
circumstances.

18 The Department, for and in consideration of the complete and Hmely
performance by Respondent of all the obligations agreed to in this Order, hereby conditionally

waives its right to seek judicial imposition of damages or civil penalties for the violations
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“ described above up to the date of the filing of this Order. This waiver is conditioned upon
Respondent’s complete compliance with all of the terms of this Order.

19, This Order is a settlement of the Department’s civil and administrative authority
arising under Florida law to resolve the matters addressed herein. This Order is not a
setflement of any criminal liabilities which may arise under Florida law, nor is it a settlement
of any violation which may be prosecuted criminally or civilly under federal law. En try of this
Order does not relieve Responident of the need to comply with applicable federal, state, or
local laws, rules, or ordinances.

20.  The Department hereby expressly reserves the right to initiate appropriate legal
action to address any violations of statutes or rules administered by the Department that are
not specifically resolved by this Order.

21. Respondent is fully aware that a violation of the terms of this Order may subject
Respondent to judicial imposition of damages, civil penalties up to $10,000.00 per day per
violation, and criminal penalties.

22, Respondent acknowledges and waives its right to an administrative hearing
pursuant to sections 120.569 and 120.57, F.5.,, on the terms of this Order. Respondent also
acknowledges and waives its right to appeal the terms of this Order pursuant to section 120.68,
F.S5.

23.  Electronic signatures or other versions of the parties’ signatures, such as .pdf or
facsimile, shall be valid and have the same force and effect as originals. No modifications of
the texms of this Order will be effective untif reduced to writing, executed by both Respondent
and the Department, and filed with the clerk of the Department.

24, The terms and conditions set forth in this Order may be enforced in a court of
competent jurisdiction pursuant to sections 120.69 and 403.121, ¥.S. Failure to comply with the
terms of this Order constitutes a violation of section 403.161(1)(b), F.S.

25. This Consent Order is a final order of the Department pursuant to section
120.52(7), F.5., and it is final and effective on the date filed with the Clerk of the Department

unless a Petition for Administrative Hearing is filed in accordance with Chapter 120, F.S.

DW/CO September 2015



DEP vs. Brevard County
Consent Order, OGC No, 2016-1352
Page8

Upon the timely filing of a petition, this Consent Order will not be effective until further order
of the Department.

26.  Persons who are not parties to this Consent Order, but whose substantial
interests are affected by it, have a right to petition for an administrative hearing under sections
120.569 and 120.57, Florida Statutes. Because the administrative hearing process is designed to
formulate final agency action, the filing of a petition concerning this Consent Order means that
the Department’s final action may be different from the position it has taken in the Consent
Order.

The petition for administrative hearing must contain all of the following informafion:

a) The OGC Number assigned to this Consent Order;

b} The name, address, and telephone number of each petitioner; the name, address,
and telephone number of the petitioner’s representative, if any, which shall be the

address for service purposes during the course of the proceeding;

¢} An explanation of how the petitioner’s substantial interests will be affected by the

Consent Order;
d} A statement of when and how the petitioner received notice of the Consent Order;

¢) Either a statement of all material facts disputed by the petitioner or a statement that

the petitioner does not dispute any material facts;

f) A statement of the specific facts the petitioner contends warrant reversal or

modification of the Consent Order;

g) A statement of the rules or statutes the petitioner contends require reversal ox

modification of the Consent Order; and

h) A statement of the relief sought by the petitioner, stating precisely the action

petitioner wishes the Department to take with respect to the Consent Order.

The petition must be filed (received) at the Department's Office of General Counsel,
3900 Commonwealth Boulevard, MS# 35, Tallahassee, Florida 32399-3000 within 21 days of
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receipt of this notice. A copy of the petition must also be mailed at the time of filing to the
Central District Office at 3319 Maguire Blvd, Suite 232, Orlando, FL 32803. Failure to file a
petition within the 21-day period constitutes a person’s waiver of the right to request an
administrative hearing and to participate as a party to this proceeding under sections 120.569
and 120.57, Florida Statutes. Before the deadline for filing a petition, a person whose
substantial interests are affected by this Consent Order may choose to pursue mediation as an
alternative remedy under section 120.573, Florida Statutes. Choosing mediation will not
adversely affect such person’s right to request an administrative hearing if mediation does not
result in a settlement, Additional information about mediation is provided in section 120.573,
Florida Statutes and Rule 62-110.106(12), Florida Administrative Code,

27.  Rules referenced in this Order are available at

http: //www.dep. state.fl.us/legal/Rules/rulelist.hitm

DW/CO September 2015
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FOR THE RESPONDENT:
! [~ 71
arfield Date
irman, Board of County Commissioners of Brevard

County, Florida

DONE AND ORDERED this|8thday of _November 2016, in Orange _County, Florida.

STATE OF FLORIDA DEPARTMENT
OF ENVIRONMENTAL PROTECTION

Jeff Prather
Director, Central District

Filed, on this date, pursuant to section 120,52, F.S., with the designated Department Clerk,
receipt of which is hereby acknowledged.

o &A-.. a4 November 18’ .

Clerk ' Date
Copies furnished to:

Lea Crandall, Agency Clerk
Mail Station 35

oW, c0 (V. apoNy
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Introduction

Brevard County Utility Services (USD) has requested HDR Inc. to evaluate the ‘South Beaches Force Main
System’. Specifically, USD has identified the need to investigate the cause of repeated force main
breaks along S. Patrick Drive and Riverside Drive, which are part of the force main system from Lift
Station #B-19 to the South Beaches WWTP. The force main system is comprised of a combination of
ductile iron pipe and PVC pipe. The pipe sizes on the main force main system vary between 20” and 24”.
The three main pump stations that contribute the majority of the flow to this system are Lift Stations B-
19, B-20, and B-01.

The system has experienced a significant number of breaks over the last few years, concentrated in the
areas where the pipe material is PVC. In November 2016, the Florida Department of Environmental
Protection issued a Consent Order related to sewage spills resulting from these force main breaks.
Included in the Consent Order is the requirement that USD study the force main system and the cause of

the pipeline failures.

This report will consider the cause of the breaks and provide analysis of options for system upgrades
that would minimize spills to the Indian River Lagoon. The Indian River Lagoon is an Outstanding Florida
Water (OFW) and the USD is committed to reducing SSO’s for this system that could negatively impact
this water body.

A portion of this force main system from DeSoto Parkway to Banana River Drive is currently being
replaced, with construction expected to be complete by the end of 2017. This portion of PVC pipe was
deemed inadequate because of the large number of breaks and lack of proper restraints, so the USD
decided to replace this concurrent with studying the remainder of the system.
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2.0 Review of Pipe Break Data and Prior Surge Reports

A review of the existing data indicates evidence of improperly installed pipe in at least two of the
pipeline segments. USD has had the pipe manufacturer investigate the instailed PVC in one segment to
determine if a manufacturing issue was the cause. The force main system is 13 miles in length and
operates at relatively high pressures. Pressure surges are thought to be a contributing issue to the high
frequency of breaks. Lack of joint restraints, inadequate compaction and pipe bedding are also thought
to be contributing factors to the frequency of the breaks. PBS&J performed a surge analysis of the
system in 2005, and in 2010, CH2M Hill performed an analysis of the B-6 force main system which also
included data and observations about the B-19 system.

Table 1 shows a summary of the force main breaks, categorized by the type of break. Although there
have been four types of breaks, nearly 40% of the pipe breaks have been split pipe at the bell of the

pipe.

Table 1. Pipe Breaks

Type of Break Occurrences
Bell Split T
Leak 11

Joint Separation 2

Other 3

Figures 1 - 3 show the force main breaks along the pipeline route. Figure 1 shows the breaks in the run
of pipeline from Desoto Parkway to Banana River Drive. This section is currently under construction and
should be complete by the end of 2017. This section is being replaced with 20” and 24” DIP. Further
analysis of the pipeline system will focus on the areas shown in Figures 2 - 3.

HDR was tasked to evaluate the PBS&J and the CH2M reports, the Diamond Plastics pipe reports, as well
as the data provided in Task 2A, with regard to operating issues and documented failures.
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Figure 1. Force Main on S. Patrick from Desoto Pkwy to Banana River Dr.
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Figure 2. Riverside Dr. from Eau Gallie Blvd. to Paradise Blvd.
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Figure 3. Riverside Dr. from Paradise Blvd. to Oakland Ave.
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Reviewed Reports:

e South Beaches, Sewer Force Main Draft Surge Analysis, October 2005, Project No. 150500.09,
PBS&J

e Expert Opinion of Scott C. Williams, PE on a Construction Project Known as: B-6 Lift Station and
Force Main Modifications Brevard County, FL, February 16, 2010

e Diamond Plastics Corporation Field Report No. FR 3395 Re: Brevard County Utility Department
AWWA C 905 DR 25 PVC Sewer Force Main Pipe Samples from Brevard County

Findings from Reviewed Reports:

South Beaches, Sewer Force Main Draft Surge Analysis, October 2005, Project No. 150500.09, PBS&J

The PBS&J report utilized a hydraulic transient model to assess the sensitivity of the pump system to
adverse hydraulic transient pressures resulting from uncontrolled pump shutdowns as well as norma!
shutdown and startup procedures.

The PBS&J recommendations suggested that installing ‘surge relief’ valves along with air/vacuum valves
at each pump station would prevent negative pressures from dropping to full vacuum for most modeled
cases. However, when all pump stations fail simultaneously, as may happen in a system wide power
outage, full vacuum was predicted to occur within the system. The report further concluded that the
‘surge relief’ valve and air/vacuum valve surge mitigation would not prevent negative pressures from
occurring in the majority of the system. The report also suggests the need for a slow ramp down of each
pump to help mitigate the negative transients, but this would not fully resolve negative pressures within
the modeled system. A ramp down of 60 seconds is noted and is recommend as a minimum ramp down
time in the report.

Ultimately the PBS&J report recommends the installation of a 2,000 gallon pressurized bladder surge
tank at each of the pump stations B-19, B-20, B-1 and B-6 to prevent the formation of the negative
pressures and vapor cavities within the force main. The report goes on to say that installation of bladder
surge tanks would adequately mitigate adverse transient pressures during normal startup and shutdown
of the pumps.

Expert Opinion of Scott C. Williams, PE on a Construction Project Known as: B-6 Lift Station and Force
Main Moaodifications Brevard County, FL, February 16, 2010

Scott Williams of CH2MHill was asked to evaluate the B-6 Lift Station and Force Main. As part of this
evaluation Mr. Williams installed high frequency pressure recorders within the system and recorded a
series of pump starts and stops to evaluate the system’s transient response. These recordings are critical
to understanding the role of adverse transient pressures and the potential for the transient pressures to
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cause damage or failure to the force main system. Below is a list of findings drawn directly from Mr.
Williams report:

o Page 4 of 35, Last Sentence, “Measured pressure data on the B-19 Force Main did not reveal
unusual transient pressures or signals”

® Page 11 of 35, First Bulleted ttem, “Estimated pump operating points based on measure
discharge heads indicate that the pumps are operating normally, and that trapped air/gas
pockets are not creating “air binding” on the pipeline.”

® Page 19 of 35, Second Paragraph, Last Sentence, “Still, no usual pressure excursions indicating
hydraulic shock were measured in either line.”

e Page 19 of 35, Last Bulleted Item, “Direct observation of B-19 Force Main in operation at pump
stations, valve vaults, and air release manholes on February 5, 2010 did not reveal any auditory
or visual indicators or hydraulic shock events within or along the pipeline.”

Also from this report the following chart was published showing the recordings of the high frequency
transient monitors for February 5, 2010. The H1_FEB_5 P18a recorder was located at the discharge of
Lift Station B-19 and monitor H2_FEB_5 P19a was located at various locations along the force main.
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The P18a monitor located at the B-19 Lift Station shows a pressure fluctuation from 0 to 100 psig. This
fluctuation in pressure is significant and will cause repetitive dynamic loads (cyclic loads) within the
system. However, while the pressure alone is within the allowable limits of the design, the frequency of
the pressure fluctuation should be noted because thermoplastic elastomeric materials such as PVC and
HDPE are susceptible to fatigue and embrittlement due to work hardening. Cyclic loading also worsens

the propagation of cracks within thermoplastic pipe.

Diamond Plastics Corporation Field Report No. FR 3395 Re: Brevard County Utility Department AWWA C

905 DR 25 PVC Sewer Force Main Pipe Samples from Brevard County
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The Field Report 3395 submitted by Ron Bishop of Diamond Plastics is an assessment of two failed pipe
sections that were shipped to Diamond Plastics for evaluation. The report is summarized on Page 11:

“From our examination of the two samples described in this letter report and the attached formal Field
Report #3395, the direct failure is clearly a cyclic fatigue failure. The most likely direct cause of the
fractures is the presence of repeated cyclic pressures that combined with a bending force applied at the
bell entrance lip by the over assembled spigot that was placed in an angled articulation of the spigot end
of the pipe relative to the bell end in order to accommodate curvature to the pipe line as it was
installed. A less likely second alternative is that the angle of the change in direction at the joint could
have been increased due to localized settlement of the joint if it had not been placed on firm bedding
prior to placing the pipe zone material and the subsequent backfill over the pipe before surface loads
were applied over the top of pipe.”

Mr. Bishop also provided the following sketch as a supplement to the Field Report 3395:

The sketch represents a description of the vertically deflected joint as it was received for testing. The
sketch also identifies the force and moment that was identified as the reason for the Bell Split failure.
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Pipe Break Analysis

In Figures 1-3, several types of breaks were identified within the evaluated section of force main. The
majority of the breaks were identified as a Bell Split. This type of break is identified in the Diamond
Piastic Field Report. The Diamond Plastic Field report describes how over-deflection, over-insertion, and
applied cyclic loading resulted in the Bell Split failures. However, the reason why the joints were over
deflected to a point in which a bending moment was introduced may vary for the following reasons:

e The installer deflected the joint to produce a vertical or horizontal curve to avoid a conflict with
a utility, obtain a required lay elevation, or make an alignment change

e The fill material providing structural support around the joint was displaced by fluctuating
ground water and migration of fines that weaken the soil support and allowed localized
differential settlement

e The fill material was poorly compacted causing differential settlement and over deflection of the

joint.

e  With three feet of minimum cover the impact loading from heavy equipment could have
introduced differential loading resulting in deflection.

In the design of pressurized pipelines utilizing push-on or gasketed joints, it is common to limit the
deflection within the pipeline by designing straight runs of pipe on constant slope with varying degrees
of fill above the pipe crown to limit the vertical undulation of the pipeline along the alignment. It is also
common to limit the allowable joint deflection to some percent (i.e. 50% or 75%) of the manufacturer’s
specified allowable deflection limit. In design, this ensures that the vertical and horizontal curves
designed along the alignment will not introduce excess stress to the push on joint, and as necessary,
modifications to the horizontal or vertical alignment during construction may be made. By usigg 50% of
the allowable deflection in design, variations in the alignment can be made in construction while
maintaining the deflections within the manufacturer’s allowable limits. Two additional types of failures
were noted in Figures 1-3. These were “Joint Separation / Slipped Joint” and “Saddle Failed”

The joint separation/slipped joint failures are most likely a result of the following:

e This may be an installation issue resulting from under stabbed or inserted joints installed in hot
temperature and covered without allowing for temperature adjustments. Once covered the
reduction in temperature will result in significant contraction of PVC pipe. This contraction may
result in the pipe pulling away from the joint.

e Gasket or seal failure with longitudinal movement or thrust at unrestrained joints.
o Shrinkage as described above
o Differential settlements

o Movement resulting from thrust at unrestrained joints
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Possible reasons for the saddle failures include the following:
o Seal or gasket failure on saddle
* Corrosion of saddle material or bolting assembly causing saddle to release or separate

* Stress concentration at pressure tap leading to longitudinal or fracture ‘coupon’ failure along
pipe segment

Pipe Break Conclusions

Through evaluation of the various reports and record drawings, HDR, Inc has concluded that a portion of
the pipeline system should be replaced regardless of the surge modeling results. The multiple Bell Split
failures resulting from a combination of over-inserted, over-deflected joints in the presence of cyclic
loading will continue to result in failure along the pipeline alignment. Additional surge mitigation may
be necessary and may reduce the frequency of failures, but will not resolve the fundamental problem
that is resulting in the failures. Consequently, the number of failures over time may be the same even if
additional surge mitigation is installed.

HDR, Inc. recommends that USD replace the section of PVC force main on Riverside Drive from Eau
Gallie Boulevard to Oakland Avenue. For this replacement the use of USD’s standard material for force
mains is appropriate. In design of this replacement pipe HDR, Inc. recommends that the following
conservative design methodology is used. This includes:

* Limit the allowable deflection in design to 50% of the manufacture’s allowable joint deflection,

* Limit the number of vertical and horizontal deflections by using constant pipe slopes and
allowing the depth of cover to vary along the alignment,

® Use fittings as necessary and design restraint systems for the working plus transient pressure as
a minimum at every joint,

* Provide well-compacted and bedding material for the pipe and consider the use of geo-
membrane to maintain the integrity of the soil envelope around the pipe. This will help limit
differential settlement from rising and falling groundwater and migration of fines into the pipe
zone.

It is also recommended that during construction that experienced inspectors are used to ensure design
information and manufacturer’s allowable limits are maintained during construction. Considering these
conservative design methods and providing detailed inspection during construction will limit the leakage
in this replacement.
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3.0 Surge Analysis

HDR has collected field data on the operation of the force main system by installing pressure recorders
at strategic locations. The recorders were installed at the B-19 lift station and the B-01 lift station. The
data collection took place in September and October 2017.

HDR is developing a hydraulic transient model to further analyze issues identified in previous tasks. HDR
will provide recommendations and develop an implementation plan based on a hierarchy of
importance/priority/cost. The surge data is shown in Appendix A.
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4.0 Options Analysis

This report will analyze options for upgrades to the force main system, construction of a re-pump
station along the force main route, construction of a new WWTP, and construction of raw wastewater
holding tanks. These options will be considered along with conceptual cost estimates for comparison
purposes. Itis apparent that with some of these long-term options, repair and replacement of the force
main on Riverside Drive will stil! have to be performed. These options could be combined as appropriate
as well.

4.1 Force Main Upgrades and B-01 Re-alignment

The section considers upgrades to the portions of the force main system that are PVC and have been
experiencing breaks. The USD is completing the replacement of the force main on S. Patrick Drive
between Desoto Parkway and Banana River drive in 2017, so that portion is not considered for further
analysis. This analysis is focused on the portion of force main on Riverside Drive between Eau Gallie
Bivd and Oakland Avenue.

The USD has a current capital improvement project to rehabilitate Lift Station B-01. B-01 is located
downstream of B-19 and B-20. The scope includes replacement of existing pumps with larger pumps as
well as other miscellaneous modifications. It has been proposed to replace the existing pumps with new
pumps that have a design condition of 800 gpm at 191 feet of head. The current pumps are not able to
pump down the wet well when lift stations B-19 and/or B-20 are running because the head conditions
are too high.

The USD also has a future capital improvement project to take the flow from B-01 off of the B-19 force
main system and install a new 24-inch force main to tie into the Lift Station B-06/B-07 force main
system. The USD is also considering pipeline improvements upstream and downstream of B-01.
Accordingly, the USD has asked HDR to consider the pump upgrades at B-01 in relation to the
downstream pipeline improvements.

The following options for the force main system improvements have been evaluated:

1. Increase head on B-01 pumps with no change in downstream force main size

2. Increase head on B-01 pumps, increase force main size to 30-inch when existing 24-inch PVC
force main sections on Riverside Drive are replaced

3. Install new 20-inch force main to B-06 as an interconnect to remove flow from S. Patrick force
main system

4. Install a parallel 12” force to B-06 to send the B-01 flow to the B-06 system.

To determine the hydraulic consequences of the above scenarios, HDR has created a hydraulic model of
the B-19/B-20/B-01, as well as, the B-06/B-07 force main system. HDR chose EPANET for the model
because of the relative simplicity of the system and because it is non-proprietary software. The mode!
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assumptions are summarized in Appendix A. The following is a description of each of the four options
mentioned above:

e Option 1 —Installing new pumps at the B-01 LS that are able to operate at higher head
conditions will allow the lift station to pump down more often. See Figure 4 for location map of
this option. The USD has indicated that the current scenario is that the pump station can oniy
get into the system when B-19 or B-20 is off. These higher head pumps at B-01 may cause the
existing pumps at B-19 and B-20 to operate at a point on their curve to the left of current
operation (slightly less flow, higher head). Overall there would be no significant negative system

impacts.

e Option 2- Install new pumps with increased head at B-01 and replace the existing 24-inch PVC
force main with 30-inch ductile iron pipe (DIP) on Riverside Drive. This accomplishes Option 1
(allow the B-01 lift station to pump down more often), and also reduces the velocity and head
(pressure) in the long run of force main. The run of pipe expected to be replaced runs from
Banana River Drive south to the intersection of Oakland Ave and Riverside Drive, a distance of
approximately 3.5 miles. Figure 5 shows this pipeline alternative. This would result in lower
velocities in this new stretch of force main, and this could translate to somewhat reduced
pumping costs. However, the remainder of the force main downstream of this section of
proposed 30-inch force main that runs to the wastewater treatment plant would still be 24-inch,
and reducing the diameter of a force main on the downstream side is not standard practice.

e Option 3 —Install a new 20-inch force main section from the B-19/B-20/B-01 force main near
Oakland Ave to the B-06/B-07 force main system, just downstream of the B-06 pump station, in
order to reduce the flow in the B-19 force main system by directing it into the B-06/B-07 force
main system. This would reduce the amount of flow in the B-19/8-20/8-01 force main system,
which would lessen the velocities in the force main system thereby reducing losses to friction.
This would translate in to some energy savings in terms of pumping operations; however, to
accomplish this a new 20-inch force main 1,200 feet in length would have to be constructed. .
As an Option 3 alternative, the 20-inch force main connection between the B-19/B-20/B-01
force main system and the B-0/B-07 force main system could be moved slightly downstream to
connect from the B-19/B-20/B-01 system’s 24-inch on N Shannon Ave, run along 2™ Avenue
approximately 680 feet, and connect to the B-06/B-07 system’s 20-inch force main as it turns
south at N Palm Ave. Both of these options are shown in Figure 7. This alternative would
shorten the 20-inch interconnect between the two force mains and move the construction from
a major road, N Riverside Dr, and move it to a smaller residential street that may permit closure
to through traffic during construction.

e Option 4 - Install new 12” force main from B-01 Lift Station to B-06 force main system in order
to remove flow from the B-19 force main system. This option is shown in Figure 6. This would
reduce the amount of flow in the B-19 force main system, which would lessen the velacities in
the force main system thereby reducing losses to friction. This would translate in to some
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energy savings in terms of pumping operations; however, to accomplish this a new 12” force
main 3 miles long would have to be built at a cost of approximately $1.5 million. This large
capital expenditure would not justify the minor energy savings realized by the new 12” force
main. The cost mentioned above does not include any upgrade costs at B-06 or B-07. This
option was not modeled and is considered cost prohibitive because of the marginal benefits
obtained at a substantial capital cost.

System Scenarios

Both high head and low head conditions (scenarios) were analyzed in order to determine the possible
operational total dynamic head (TDH) range of the BO1 pump station system. The TDH range was
utilized to select efficient pumps to operate at the desired flow rate. Design flow rates of 800 gpm and
1,000 gpm were analyzed for the high head conditions. The design flow rate of 800 gpm was analyzed
for the low head conditions, as this would generate a lower head than the 1,000 gpm alternative. Three
system alternatives were analyzed:

1. Existing Condition,
Upsize of the 24-inch PVC force main sections to 30-inch,

3. Upsize of the 24-inch PVC force main sections to 30-inch with a 20-inch interconnect to B-
06/B-07 force main system.

Existing Conditions

The existing condition scenarios represent the system as it is today with B-01 contributing flow changed
to 800 gpm and 1,000 gpm for respective scenarios. In this scenario, the existing 24-inch PVC sections
along N Riverside Dr are kept as is. For one sub-scenario, both B19 and B20 triplex stations were
allowed to operate with two pumps running, each, and, thus, generated flow based on the head
condition of the system. For comparison, another sub-scenario was run where the B-19 and B-20 pump
stations were only permitted to generate flow equal to their design flow and no more, imitating variable
frequency drive condition limit.

Future: 30-inch Force Main

Under this system scenario, the existing 24-inch PVC sections along N Riverside Dr are upsized to 30-inch
ductile iron pipe (DIP). A total of 19,712 linear feet (LF) of 24-inch PVC was replaced with 30-inch DIP in
this scenario. Both B19 and B20 triplex stations were allowed to operate with two pumps running, each,
and, thus, generated flow based on the head condition of the system.

Future: 30-inch Force Main with 20-inch Interconnect

Under this system scenario, the existing 24-inch PVC sections along N Riverside Dr are upsized to 30-inch
ductile iron pipe (DIP). A total of 19,712 linear feet (LF) of 24-inch PVC was replaced with 30-inch DIP in

this scenario. Additionally, a 1,200 LF, 20-inch force main was added along N Riverside Dr from Oakland
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Avenue to Second Avenue connecting the B-19/B-20/B-01 24-inch force main to the B-06/B07 20-inch
force main. Both B19 and B20 triplex stations were allowed to operate with only one pump running,
each, and, thus, generated flow based on the head condition of the system. Only one pump, each, was
allowed to operate at B-19 and B-20 such that the stations would generate flow similar to their design
condition. The lower head conditions at these stations resulting from the system improvements
permitted the stations to run on one pump and still produce close to if not more than the design flow.
For the high head scenarios, B-06 and B-07 pump stations were constrained to pump at their design flow
rates of 1,940 gpm and 1,375 gpm, respectively. The inclusion of the 20-inch interconnect results in
additional flow being conveyed through the B-06/B-7 force main system, the head condition at these
pump stations would not allow the existing pumps to generate their design flow. If the interconnect is
implemented in the County’s system an in depth review of these stations will be needed.

An alternative system scenario was analyzed where the 20-inch interconnect alignment was moved from
N Riverside Dr to 2™ Avenue. The 680 LF, 20-inch interconnect is further downstream from the
alignment proposed along N Riverside Dr and thus the overall head condition as seen from the B-19/B-
20/B-01 force main system pump stations are slightly higher, however, the difference is fairly negligible.

Results

The results of the EPAnet modeled scenarios described below are provided in Table 2 and Table 3 for
high head and low head scenarios analyzed, respectively. As would be expected, replacing the 24-inch
PVC force main sections in the B-19/B-20/B-01 force main system lowers the system head allowing the
existing pumps at the stations to pump a greater flow. With the interconnect in place B-19/8-20/8-01
force main system head drops even lower, allowing for the shutdown of one pump at each of the major
stations (B-19 and B-20) while allowing them to pump at or near their design flow rate. Under existing
conditions where B-01 is designed to convey 800 gpm the B-01 proposed pumps would have to be able
to pump at between 87 and 218 ft of TDH. Likewise, where the 24-inch PVC force main sections are
replaced with 30-inch DIP the TDH range as seen at the B-01 pump station could range between 79 and
186 ft at a flow rate of 800 gpm. With the inclusion of the 20-inch interconnect to the B-06/B-07 force
main system along N Riverside Dr, the system head at B-01 drops even further to a range of between 62
and 138 ft of TDH. Head conditions for the other major stations, B-19, B-20, B-06, and B-07 are also
provided in Table 2 and Table 3, as well as, the flow conveyed from the B-19/B-20/B-01 force main
system into the B-06/B-07 force main system via the 20-inch interconnect.

Future Surge Analysis

As the B-01 pump station is upgraded, it is recommended that the pressure monitoring and surge
modeling be performed with the new pumps selected for B-01, and taking in to account the pipeline
recommendations mentioned in this repert. This will provide the most accurate representation of
future surge conditions.
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Brevard County Riverside Drive 24" FM Replacement
0% Conceptual Cost Estimate

ITEM AVERAGE TOTAL
Number SUMMARY OF PAY ITEMS QUANTITY| UNIT UNIT PRICE AMOUNT

1 Mobilization 1 LS $60,000.00 $80,000.00}
2 |Layout and Asbuilt 1| s $41,760.00 $41,760,00]
3 Erosion Control 1] s $17,500.00 $17,500.00]
4 Dewatering 1 LS $100,000.00 $100,000.0U|
5 24" Ductile ron FM 17700 LF $230.00 $4.071.000.00|
6 24" x 24" Tapping Sleeve & Valve 2 EA $50,000.00 $1 00,000.00'
7 24" Gate Valve ] EA $32,000.00 $256,000.0E|
8 2" Air Release Valve 4 Ea $11.300.00 $45,200.00]
9 24" 45° DI Elbow 20 EA $7,000.00 $140.000.00I

10 24" 11.25° DI Elbow 8 EA $6,500.00 $52,000.00|
11 Canal/Ditch Crossing 2 EA $80,000.00 $160.000.00|
12 Lift Station Connections 4] EA $45,000.00 $180.000.00|
13 Demo and Remove Concrete Sidewalk 20000 SF $1.25 $25,000.00I
14 Sidewalk Replacement 20000 SF $5.50 $110,000.00I
15 |Roadway Cut/Patch 1200 sy $110.00 $132.000.00]
16 Concrete Driveway 600 SY $50.00 $30.000.00I
17___|Construct Curbing soo] LF $40.00 $32,000.00]
18 |Striping 1] LS $4,000.00 $4,000.00}
19 Abandon 24" PVC FM 17700 LF $6.00 51 06,200.00‘
20 Remove and Replace Pipe Bedding 300 cY $24.00 $7,200.00|
21 Remove and Replace Pipe Backfill 300 CcY $26.00 $7.800.00‘
22 Seeding 3000 SY $2.00 $8.000.00I
23 Sodding 7000 SY $4.00 $28,000.00'
24 |Landscaping 1| s $50,000.00 $50,000.00]
25 Density Testing 1 LS $27,200.00 $27,200.0l]|
26 Pressure Testing 1 LS $12,000.00 $12,000.00I
27 Maintenance of Traffic 1 LS $17,500.00 $17,500.00I
|

Sub-total $5,338,360.00]
Contingency (20%) $1.167.672.00I
|

TOTAL* $7,006,032.00}
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Brevard County Riverside Drive 30" FM Replacement
0% Conceptual Cost Estimate
ITEM AVERAGE TOTAL
Number SUMMARY OF PAY ITEMS QUANTITY| UNIT UNIT PRICE AMOUNT

1 Viobilization 1 LS $40,000.00 $40,060.00
2 Layout and Asbuit 1 LS $41,760.00 $41 ,760.00'
3 Erosion Control 1 LS $12,500.00 $12,500.00I
4 Dewatering 1 LS $110,000.00 $110,000.00|
5 30" Ductile Iron FM 17700 LF $245.00 $4,336,500.00|
6 30" x 24" Tapping Sleeve & Valve 2 EA $56,000.00 $11 2,000.00I
7 30" Gate Valve 8 EA $42,000.00 $336,000.0DI
8 2" Air Release Valve 4 EA $9,000.00 $36,000.00I
9 30" 45° DI Elbow 20 EA $8,500.00 $170,000.00|
10 30" 11.25° DI Elbow 8 EA $7,500.00 $60,000.0Cr|
11 Canal/Ditch Crossing 2 EA $90,000.00 $180,000.00I
12 Lift Station Connections 4 EA $55,000.00 $220.000.00|
13 Demo and Remove Concrete Sidewalk 20000 SF $1.25 $25,000.00I
14 Sidewalk Replacement 20000 SF $5.50 $1 10.000.00'
15 Roadway Cut/Patch 1200 SY $110.00 $132.000.00I
16 Concrete Driveway 600] SY $50.00 $30.000.00l
17 |Construct Curbing goo| LF $40.00 $32,000.00§
18 |Striping 1| Ls $4,000.00 $4,000.00§
19 Abandon 24" PVC FM 17700 LF $8.00 $141 ,600.00‘
20 Remove and Replace Pipe Bedding 300 CY $24.00 $7,200.00I
21 Remove and Replace Pipe Backfill 300 CY $26.00 $7,800.00I
22 |Seeding 3000 sY $2.00 $6,000.00f
23 Sodding 7000 SY $4.00 $28,000.00I
24 Landscaping 1 LS $50,000.00 $50,000.00I
25 Density Testing 1| Ls $27,000.00 $27,000.00§
26 |Pressure Testing 1| Ls $12,000.00 $12,000.00f
27 Maintenance of Traffic 1 LS $17,500.00 $17,500.00f

Sub-total $6,284,860.004
Contingency (20%) $1 ,256.972.00'
i

TOTAL* $7,541 ,832.00'




4.2 New Re-pump Station

As an alternative option to reducing the force main system pressure, consideration was given to
replacing either Lift Station B-20 or Lift Station B-01 and construction a new re-pump station. In order
to determine the viability of this option, a site analysis was done first to determine if adequate space
was available to accommodate a larger pump station and an electrical building. Based on the initial site
analysis the determination was made that the B-01 lift station site lacks the space needed to
accommodate a new re-pump station. In addition, the B-01 lift station site is located in a visible
residential area and the aesthetics of the new station would most likely cause issues. The existing B-20
lift station site was evaluated and determined to have the space required to consider the construction of
a re-pump station for the system. In addition, the B-20 site is located off of the main road in an area
that would not cause aesthetic concerns.

B-20 Re-Pump Station Consideration

Currently, the B-20 lift station discharges through a 20” force main and manifolds in to the existing 24”
force main trunk line that run down South Patrick drive. Approximately 3.5 miles upstream of the B-20
lift station tie-in location is Lift Station B-19. If B-20 were converted into a re-pump station then Lift
Station B-19 would pump directly into the new B-20 Lift Station. The new B-20 lift station would then
re-pump all flow approximately 9 miles south to the South Beaches Regional WWTP. The potential
benefit of having the flow from B-19 re-pumped from Lift Station B-19 would be the reduction in total
head seen at both lift stations, reduction in overall energy consumption, and the reduction of overall
system pressure. In order to determine the extent of these benefits, a system model is being
developed. Once the modeling results are complete a determination can be made as to whether or not
the benefits of this alternative is viable.
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4.3 New WWTP at B-20 Site

The USD has considered the option of constructing a new wastewater treatment plant in the South
Beaches service area that could produce reclaimed water for the customers located on the island, as
well as eliminate the need for a pipeline carrying raw wastewater. The concept is to develop the
property currently owned by USD at the B-20 lift station site into a new wastewater treatment plant
(WWTP) with the capability to produce reclaimed water as an effluent disposal method. The treated
effluent would then be pumped into the existing wastewater pipelines from B-20 to the South Beaches
WWTP. The reclaimed water could be utilized by customers along that route. Any reclaimed
wastewater not delivered to customers would be sent to the South Beaches WWTP for disposal in the
existing deep injection well(s). The following system improvements would be required for this
alternative:

e Construct 12” FM from B-01 to B-06 FM (in existing 24” HDPE conduit). This would allow the
raw wastewater from the B-01 basin to get to the South Beached WWTP

® Construct 6.0 MDG treatment plant at IHB site using similar design/layout from South Central
WWTP. This will provide consistency with operators and plant personnel

e Divert flows from B-19 and B-20 to new plant. The flow for B-20 already comes to the proposed
WWTP site, and all the flow from B-19 could be diverted with a short force main connection
from S. Patrick Drive to the new plant influent

e Pump reclaimed water using the existing 24” Riverside FM to the South Beaches WWTP. While
this pipeline currently has issues with main breaks, it would operate at a lower pressure than
current operating pressure. In addition, spills from a reclaimed line into the Indian River Lagoon
would be less harmful than a raw wastewater spill.

e Connect Riverside FM to existing injection well. Most reclaimed water is injected into a 2900 ft
deep injection well at the treatment plant site

® Connect 5-06 & S-07 pumping stations to the B-19 FM eliminating re-pumping, and eliminating
need for upgrades to FM from 5-06 to B-19

® Repurpose B-20 lift station to reclaimed water pump station. The influent

Currently Seven million gallons of wastewater is reclaimed every day at the South Beach plant and fewer
than two million gallons are used for beneficial purposes. Additional capacity at South Beach plant
provides opportunity for sewer service all the way to Sebastian Inlet (septic tank elimination). The
following table lists some advantages/disadvantages of a new WWTP at this location.
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Advantage

Disadvantages

Makes reclaimed water
available from Satellite Beach
to South Melbourne Beach

High Capital Cost

Lowers pressures on
beachside force mains

Proximity to ocean

Adds treatment capacity to

beachside system (4.5 MGD

required to complete service
area)

Vulnerable to Storms & Storm
Surge

Reclaimed water trunk line
and reclaimed pumping
station already in place

(Repurposed Riverside FM

and B-20 pumping station)

Elevation concerns (flooding)

Creates “fail-safe” for
Riverside force main break
(reclaimed water — not
sewage)

No pipelines to distribute the
water to users

A preliminary layout of a new WWTP is shown in Figure 9. This layout is similar to the technology used
at the S. Beaches plant, which will allow ease of operation for existing staff. Also, a conceptual cost

estimate has been developed and is shown in Table 6.
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New WWTP at B-20 Site

0% Conceptual Cost Estimate

= SUMMARY OF PAY ITEMS QUANTITY| UNIT AVEE O SN TOTAL AMOUNT
Number PRICE

1 Design 6.0 MGD Plant 1 LS $1,600,000.00 $1 .600,000.00'

2 6.0 MGD Plant 1 LS $21,000,000.00 $21 ,000,000.00'

3 12" FM from B-01 to B-06 1 LS $1,800,000.00 $1 ,800.000.00'
4 Piping at South Beaches Plant 1 LS $350,000.00 $350,000.00I

5 Piping Changes at B-20 1 LS $150,000.00 $150,000.00|

6 S-6 & S§-17 Piping to B-19 FM 1 LS $200,000.00 $200,000.0g|
7 B-20 conversion to Reclaimed Water PS 1 LS $250,000.00 $250,000.00I
Sub-total $25,350,000.00§

Coritingency (15%) $3,802,500.00§

TOTAL* $29,152,500.00




4.4 Off-Line Wastewater Storage at B-20

The South Beaches collection system experiences a large amount of inflow/infiltration. The gravity
collection system contains significant amounts of vitrified clay gravity pipe that has reached its design
life. Significant storm events place a burden on the system, and the existing pump station and force
main network becomes overburdened during large storm events. This can lead to SSO’s. In addition to
the system upgrades mentioned as options in this report, off-line storage of raw wastewater at the B-20
lift station site would provide some operational flexibility during periods of high flows and could
mitigate SSO’s daring these events. It would also provide additional flexibility when the station or force
main systems requires being taken out of service for maintenance or repair. The B-20 lift station has
insufficient wetwell storage, and the USD indicated that it overflows within 20 minutes of outage

The B-20 lift station site has adequate room for construction of storage holding tanks. Based on the
flows to B-19 and B-20 lift stations, two holding tanks of 1.5 million gallons each could be constructed on
the B-20 site. This would provide approximately one to one and an half day of storage. The
approximate dimension s of tanks of this size would be 25 feet high and with a diameter of 100 feet.

The tanks would be pre=stressed concrete tanks which are proven for the storage of wastewater.

The operational protocol for these tanks would be that they are always emptied completely each time
they are used. This ensures that storage capacity is available for the next rainfall event and also prevents
consolidation of sludge in the base of the tank.

Such tanks should incorporate the following features:

o Facilities for re-suspension of solids as the tanks are drawn down,

e Tank mixer unit or air/water scour pumps;

e Facilities for cleaning of the tank floor on draw-down of the contents, so sludge can be
automatically drawn off from the conical sump at the invert of the tank.

Raw wastewater storage will present some fundamental challenges, including aesthetics and securing
support from the neighborhoods adjacent to the B-20 site. Even though the tanks will be used
infrequently, these types of projects can be met with concern from the nearby residents.  Also, the
location of the site, while large enough for construction and operation of the tanks, is not ideal from a
vulnerability perspective. The proximity to the ocean makes the site vulnerabie to the effects of
hurricanes and storm surge. A proposed site layout is shown in Figure 10, and a conceptual cost
estimate has been developed and is shown in Table 7 .
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Wastewater Storage at B-20
0% Conceptual Estimate

NIJmE:)ner SUMMARY OF PAY ITEMS QUANTITY| UNIT AVE;R:‘;:':‘:EEUN” TOTAL AMOUNT |
|

1 Earthwork 1 LS $500,000.00 $500,000.00|

2 1.5 Million Gallon Concrete Tank 2 EA $1,750,000.00 $3,500,000.00|

3 Site Piping 1 LS $450,000.00 $450,000.00|

4 Valves 1 LS $250,000.00 $250,000.06|

5 Site Work 1 LS $175,000.00 $1 75,000.00'

Sub-total $4,875,000.004
Contingency (15%) $731,250.00)
TOTAL* $5,606,250.00}




5.0 Recommendations

The proposed re-pump station is a viable alternative if Lift Station B-20 were at the end of its design life.

This scenario will lower the head in the system somewhat, but does not negate the need to upgrade the

force main on Riverside Drive. Any energy savings realized by lower head pumps at B-19 would be offset
by the energy requirement to re-pump the wastewater at B-20.

Constructing a new WWTP at the B-20 site would provide beneficial reuse to customers at the beach,
but the high capital cost of this option makes it impractical at this time. There are also concerns about
locating another WWTP in an area vutnerable to storms and storm surge.

Raw wastewater storage tanks at the B-20 site would provide additional flexibility for operation of the
system during significant rain events and for maintenance/repair, but there are significant challenges to
the siting of these tanks relative to the surrounding neighborhoods and the vulnerability of the site
location. Furthermore these tanks would not negate the need to upgrade the force main on Riverside
Drive either.

Therefore, based on the analysis of the pipe break data and the hydraulic modeling resuits, HDR
recommends at this time that the USD replace the section of 24” force main on Riverside Drive from
Banana River Drive south to the intersection of Oakland Ave and Riverside Drive, with 30” DI force
main. In addition, based on the results of the surge analysis report pressure surge tanks should be
installed at Lift Station B-19 and Lift Station B-20. If additional funding becomes available, the USD
should re-visit the options for off-line storage or a re-pump station, as these would improve operational
flexibility.

Furthermore, if additional aperational flexibility is desired, USD should consider constructing the
interconnect between the two force main systems. This would require the upgrade of Lift Stations B-06
and B-07 but would improve the flow conditions in the B-19 system, while also providing operational
flexibility for main breaks or force main maintenance/repair. The interconnect could be operated in
either the normally closed or normally open condition, depending on the desired outcome. If intended
to alleviate high pressures in the B-19 system, it could be operated in the normally open condition,
whereas if it is intended to be used as an alternate transmission main in certain scenarios then the valve

would be normaily closed.
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Existing System Scenario: Major Components

Links: Pipes and Pumps

Pipes:

e B19 InfluenPipe: Gravity line flowing into B19. The length value of 1,000 LF does not affect
calculations.

e 20" DIP: Force main just down stream of B19 and runs from 819 and south along Riverside Drive.

e 20” PVC: Force main section down stream of 20” DIP and runs south along Riverside Drive.

e B20_Inflow_16": Gravity line flowing into B20. The length value of 1,000 LF does not affect
calculations.

e B20_18"FM: Force main section from B20 that ties into the 20”/24” at Riverside Drive.

® 24" _PVC_1: Force main section down stream of B20 tie in and runs south along Riverside Drive.

e 24" DIP: Force main section down stream of 24”_PVC_1 and runs south along Riverside Drive.

e 24” PVC_2: Force main section down stream of 24”_DIP and runs south along Riverside Drive.

e B1_18"GravitySewer: Gravity line flowing into B1. The length value of 1,000 LF does not affect
calculations.

e 12”DIP_B1: Force main section from B1 that ties into the 20”/24” at Riverside Drive.

e 24" PVC_3: Force main section down stream of 24”_PVC_2 and runs south along Riverside
Drive.

o 24" DIP_2: Force main section down stream of 24”_PVC_3 and runs south along Riverside Drive
to the SBWRF.

Table 1 Force Main Attributes

Ip,amﬁrgt l;_er'tgﬂ:l.' {l rﬂ;:'

___ Coefficient (K)  Coef R {inch)  Model
| 20” DIP 1200 100 DIP 20 15,491
‘20pvc 175 110 ~ pvc 20 2981
'B20_18"FM o000 100  DP 18 1000 |
J 24”_PVC_1 275 110  PNC 24 2205 |
24" DIP 233 100  DIP 24 5144 |
'24"pvC2 300 100 PpvC 24 3,590
| 12”DIP_B1 o0 100 DP 12 150 |
'24”pPvC3 1050 110 PV 24 13,917 |
'24"pIP2 1950 100  DIP 24 25730

Note Influent grawty lines excluded from table attributes are non-real world and do not affect model results.
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e Bl _P1:Lead pump for B1 pump station ABS AFP 1501310 mm, set open.

e B1_P2: Lag pump for B1 pump station, ABS AFP 1501310 mm, set closed as B1 is a duplex
station.

e B19_P1: Lead pump for B19 pump station FLYGT C3231-63-430, set open.

e B19 P2:Lag pump for B19 pump station FLYGT C3231-63-430, set open as B19 is a triplex
station.

® B19_P3: Lag-lag pump for B19 pump station FLYGT C3231-63-430, set open as B19 is a triplex
station.

e B20_P1: Lead pump for B20 pump station FLYGT C3231-63-430, set open.

e B20_P2: Lag pump for B20 pump station FLYGT C3231-63-430, set open as B20 is a triplex

station.
® B20_P3: Lag-lag pump for B20 pump station FLYGT C3231-63-430, set open as B20 is a triplex
station
Wet Wells:

e Bl _WetWell: B1 wet well, depth elevation and low (4.5 ft) and high (11.5 ft) water levels set
based on asbhuilts.

e B19_WetWell: B19 wet well, depth elevation and low (4.0 ft) and high (11.0 ft) water levels set
based on asbuilts.

e B20_WetWell: B19 wet well, depth elevation and low (4.4 ft) and high (8.1 ft) water levels set
based on asbuilts. '

Reservoirs:

e SBWREF: South Beach Wastewater Treatment Plant, end of the force main system. Elevation set
based on County provided information on bar screen high water elevation at the headworks.
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EPAnet Network Map

North Section:
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South Section:
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Existing System: EPAnet Model Assumptions,
Inputs and Notes

EPAnet Version 2.0, Build 2.00.12

Friction Equation: Hazen Williams

Flow: GPM

Energy Price: $0.06 / kw-hr

Assume elevations on asbuilts are NGVD29, NGVD29 used in model.
B19 Lift Station:

1. Wet well (information from asbuilts)
a. Elevation = -15.2 (wet well bottom invert)
b. Initial / Minimum Level = 4 ft, -11.2 ft elevation
c. Maximum = 7.7 f, Elev -7.5 ft 16-inch pipe influent invert
d. dimensions: 12.5 ft by 29.0 ft (diameter equivalent = 21.5 ft)
Triplex with two running, one standby
Inflow = 2,000 gpm (estimate from February 6, 2010 Report)
Pumps = FLYGT C3231-63-430 (from CH2MHill Report)
Pipe Discharge Center Line Elev = 4.4 ft (asbuilts)

ok wnN

20" DIP&PVC = 18,473 LF (from CH2MHill Report)
20" DIP FM

1. Length: 15,491 LF
2. Top of Pipe Elevation =
a. 2.0 ft (from asbuilts, starting elevation near B19)
b. 0.0 ft (from asbuilts, elevation at Desoto Pkwy)
3. C=100
Diameter = 20 inches
5. Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 16, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 8, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 12

»

20" PVC FM

1. Length: 2,981 LF (based on Jeff C markups of PVC length on map)
2. Top of Pipe Elevation = 0 ft (from asbuilts, tie-in elevation with B20)
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3. C=110
4. Diameter = 20 inches
5. Minor Losses: (Coeff from Sanks)

a. Assume 1 fitting per 1000 feet for a total of 3, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 1, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 1.75

B20 Lift Station:

1.

ok wnN

Wet well (from asbuilts)
a. Elevation =-14.6 (wet well bottom invert)
b. Initial / Minimum Level = 4.4 ft, -10.2 ft elevation
¢. Maximum = 8.1 ft, -6.5 ft 16-inch pipe influent invert
d. dimensions: 12.5 ft by 29.0 ft (diameter equivalent = 21.5 ft)
Triplex with two running, one standby
Inflow = 3,500 gpm (estimate from CH2MHill Report)
Pumps = FLYGT C3231-63-430 (from CH2MHill Report)
18" DIP from B20 to tie in with 24" FM, 1000 LF approximate, 5.0 ft elev, approximate

24" PVC FM

OrON =

Length: 2,205 LF (based on Jeff C markups of PVC length on map)

Top of Pipe Elevation = -2.0 ft (from asbuilts, near Banana River Dr)

Cc=110

Diameter = 24 inches

Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 3, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 1, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 2.75

24" DIP FM (north segment)

Ok wbN =

Length: 5144 LF (based on Jeff C markups of DIP length on map)

Top of Pipe Elevation = 2.0 ft (from asbuilts, near bend in roadway)

C =100

Diameter = 24 inches

Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 5, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 1, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 2.75

24" PVC FM (from 24" DIP north section to B1 tie in)

aghrON=

Length: 3,590 LF (based on Jeff C markups of PVC length on map)
Top of Pipe Elevation = 2.0 ft (from asbuilts, near Coral Way West)
c=110
Diameter = 24 inches
Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 4, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 2, Coeff 1.00 each
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c. Total Minor Loss Coeff Assumption = 3.00
B1 Lift Station:

1.  Wet well (information from asbuilts)
a. Eievation =-15.40 (wet well bottom invert)
b. Initial / Minimum Level = 4.5 ft, -10.9 ft elevation
c. Maximum = 11.5 ft, Elev -3.9 ft 18-inch pipe influent invert
d. dimensions: 10 ft diameter
Duplex with one running, one standby
inflow = 600 gpm (estimate from CH2MHili Report); 800 gpm and 1,000 gpm (analyzed)
Pumps = ABS AFP 1501 310 mm (from CH2MHill Report)
Pipe Discharge Center Line Elev of 12-inch = 4.25 ft (asbuilts)

ok wnN

24" PVC FM (from B1 tie in to 24" DIP Transition)

1. Length: 13,917 LF (based on Jeff C markups of PVC length on map and CH2MHill Length)
2. Top of Pipe Elevation = 2.0 ft (from asbuilts, near Coral Way West)

3. C=110

4. Diameter = 24 inches

5. Minor Losses: (Coeff from Sanks)

a. Assume 1 fitting per 1000 feet for a total of 14, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 7, Coeff 1.00 each
c. Total Minor Loss Coeff Assumption = 10.50

24" DIP FM (southern segment to plant SBWRF)

Length: 25,730 LF (based on CH2MHill Length)

Top of Pipe Elevation = 2.0 ft (from PBSJ asbuilt at Oakland)

C =100

Diameter = 24 inches

Minor Losses: (Coeff from Sanks)
a. Assume 1 fitting per 1000 feet for a total of 26, Coeff 0.25 each
b. Assume 1 isolation vale per 2000 feet for a total of 13, Coeff 1.00 each
c. Total Minor Laoss Coeff Assumption = 19.50

Ok ON =2

SBWREF: Elevation 33.814 ft (32.4 ft NAVD88)

To note, only pump stations noted above were incorporated into the model. “Smaller” stations were not
included in the model or analysis.
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TECHNICAL MEMORANDUM
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Date: 15 Dec¢ember 2017
Revision: Version 2 (Draft)
To: Jeff Crigler (HDR)

From: Johnathan D. Nault and Djordje Radulj (HydraTek)

Subject:  Hydraulic Transient (Surge) Analysis
South Beaches Lift Stations and Forcemains, Brevard County

INTRODUCTION

HydraTek & Associates (HydraTek) has been retained by HDR Inc. (HDR) on behalf of Brevard
County Utility Services (County) to conduct a hydraulic transient (surge) analysis of the South Beaches
sewage forcemain system located in Brevard County, Florida. The objectives of the analysis are to ()
support an investigation into previous forcemain failures, including reviewing transient pressure
monitoring field data, and (ii) suppott the design of system upgrades while recommending alternatives
for reducing the hydraulic transient (surge) risk in the system.

The South Beaches system features two separate forcemains — the larger east forcemain and the smaller
west forcemain. The east system has roughly 69,000 ft of 20-inch to 24-inch diameter forcemain with a
combination of PVC and ductile iron pipe, and it is supplied by a series of large and small pumping
stations, the key ones of which are the larger Lift Stations B-19, B-20, and B-1. The west forcemain
system comprises neatly 25,000 ft of 20-inch diameter PVC pipe and 24-inch diameter ductile iron
pipe, and it too is supplied by a combination of large and small lift stations with Lift Stations B-6 and
B-7 representing the primary supply. Both systems convey wastewater to the South Beaches
Wastewater Treatment Plant (WWTP) located in Melbourne Beach at the south end of the County.

This work primarily concerns the east system that has, in recent years, experienced a number of
forcemain (pipe) breaks. Most of these have been concentrated at the PVC sections of the forcemain,
and previous work by others suggests that the breaks are predominantly caused by improperly installed
pipe. Transient (sutge) pressutes resulting from pump start and stop operations are thought to be
contributing to the failures. To better understand the likely source of the forcemain failures and assess
whether transient pressures are related thereto, HDR was retained by the County to review previous
studies of the system, conduct a transient pressure monitoring exetrcise (petformed by Blacoh
Industries; Blacoh), and analyze alternatives for improving the system.

Based on the previously completed review, HDR has proposed that approximately 17,800 ft of 24-inch
diameter PVC forcemain along North Riverside Drive from Eau Gallie Boulevard to Oakland Avenue
be replaced with 30-inch diameter ductile iron pipe and that Lift Station B-1 be upgraded in order to
bettet operate with the larger pumps at Lift Stations B-19 and B-20. An interconnection between the
east and west forcemain systems is also being considered along either Riverside Drive or along 2™
Avenue (though this has yet to be finalized). In facilitating the design of the proposed upgrades while

HydraTel & Associates
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Hydraulic Transient (Sutge) Analysis 15 December 2017
South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)

supporting HDR’s investigation, this report presents the tesults of a hydraulic transient (surge) analysis
of the existing South Beaches forcemain system and proposed upgrades.

REFERENCE INFORMATION

Hydraulic steady-state and hydraulic transient (surge) models were developed to facilitate the hydraulic
transient analysis using the following information provided by HDR:

Plan and Profile Drawings

® South Patrick and Indian Harbour Beach Fotce Main Interconnection record drawings showing
otiginal forcemain installation by Stottler Stagg & Associates, dated February 1986;

e South Patrick Drive Forcemain Relocation as-built drawings showing 20-inch and 24-inch PVC
forcemain installation by Brevard County Water Resources Department, dated Januaty 1997;

® South Beaches 24-inch HDPE Force Main Replacement record drawings showing 24-inch PVC
and DI forcemain installation by PBS&J, dated June 2006; and

® South Beaches drawing index sketch, received from HDR on 03 June 2017.
Lift Station Drawings

® South Patrick Regional Pumping Station (Lift Station B-19) record drawings by Stottler Stagg &
Associates, dated February 1986;

® Indian Hatbour Beach Regional Pumping Station (Lift Station B-20) record drawings by Stottler
Stagg & Associates, dated February 1986;

e South Beaches Lift Station B-01 Reconstruction and Connection to Regional Force Main final
design drawings by Brevard County, dated 15 October 1992; and

e Lift Station B-1 60% Design Submission Drawings by HDR, dated November 2017.
Pump Performance Curves
® Flygt C3231-63-430 pump cutves for Lift Stations B-19 and B-20, dated 02 March 2002;

* ABS AFP 1501 60 Hz pump curves for existing Lift Station B-01, dated 28 September 2007; and

e Xylem NP 3202 HT 3-466 pump cutves for proposed Lift Station B-01, teceived from HDR on
16 November 2017.

Reports and Other Data

® South Beaches Regional Wastewater Tteatment Facility Hydraulic Profile (sheet M-7) record
drawing by Stottler Stagg & Associates, dated 20 July 1988;

® South Beaches Sewer Force Main Draft Surge Analysis report by PBS&], dated October 2005;

e Expert Opinion of Scott C. Williams, PE, on a Construction Project Known as B-6 Lift Station
and Force Main Modifications by CH2M Hill, dated 16 F ebruary 2010;

® Brevard County Utility Setvices Department AWWA C905 DR25 PVC Force Main Pipe Samples
failure review report by Diamond Plastics, dated 18 August 2015;

* Pipe break map for the east forcemain system by Brevard County, dated 02 June 2016;

® Review of Previous Pipe Failure Data and Surge Reports Technical Memorandum by HDR,
dated 07 April 2017;
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¢ B01 Pump Station Analysis EPANET Model, Results, and Assumptions teport by HDR, dated
15 June 2017;

e South Beaches Wastewater Treatment Plant service area schematic showing lift stations and
typical flows, teceived from HDR on 31 October 2017,

¢ South Beaches System Map by Brevard County, received from HDR on 03 June 2017; and

® Transient pressure monitoring data at LSs B-19 and B-01 for the petiod of 26 September 2017 to
25 October 2017 by Blacoh.

SYSTEM DESCRIPTION AND ANALYSIS METHODOLOGY

The following sections describe the South Beaches forcemain system and how they are modeled. The
system is described first, followed by a discussion of the model development. In developing the
hydraulic transient model, some assumptions were made of the key factors that affect the response of
the system: these are discussed where appropriate. Finally, the transient analysis scenarios are listed
before presenting and discussing the results.

East and West Forcemain Systems

Figute 1 on the following page illustrates a schematic of the South Beaches system (excluding the
smaller lift stations). The larger east forcemain spans Sea Park Boulevard at the north to the South
Beaches WWTP at the south, and it is primarily supplied by three lift stations. Lift Station B-19 (the
South Patrick Regional Pumping Station) is the north-most facility, and it has three dry-pit centrifugal
pumps, each with a motor soft-starter. Lift Station B-20 (the Indian Hatbour Beach Regional Pumping
Station) is situated in the middle. Like Lift Station B-19, lift station B-20 featutes a similar configuration
with three dry-pit pumps with motor soft-starters. Lastly for the east system, the somewhat smaller Lift
Station B-1 is the south-most facility with two submersible wet-pit pumps. Following the proposed
upgrades, Lift Station B-1 will still have two larger pumps and a similar atrangement. All pumps at all
lift stations are constant speed pumps.

Figure 2 on the subsequent page shows the centerline profile for the east forcemain system, including
the location of the proposed 30-inch fotcemain upgtade from Eau Gallie Boulevard to Oakland
Avenue. The west forcemain system spans 2* Avenue at the north to the WWIP at the south, and it is
supplied by Lift Stations B-6 and B-7, both of which feature similat configurations to Lift Station B-1
and each have two submersible wet-pit centrifugal pumps. All of the pumps at each lift station ate
equipped with a tilted disc check valve.

Opetationally, the number of pumps on at each facility is controlled by the level in the facility’s wet
well. Table 1 lists the elevations and cotresponding levels for each lift station based on the information
ptovided by HDR. Each pump starts against a closed check valve, and the pump’s flow develops as the
systetn’s static head is overcome. For the pumps at Lift Stations B-19 and B-20, the previous hydraulic
transient analysis by PBS&]J notes that the pump’s motor soft-starters have a 30 s ramp duration for
pump statts and stops. Motor soft-starters provide electrical control and, depending on the drive type,
occasionally some albeit limited hydraulic control for pump starts and stops by limiting either the
motor voltage or current. Though each station is designed to provide its nominal rated flow at firm
capacity (that is, with all pumps on except for the largest pump), it is understood that, on occasion, a
station may operate at full capacity with all pumps on (e.g,, duting petiods with large inflow and
infiltration from heavy rainfall, Lift Station B-19 may operate with thtee pumps on).
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Figure 1: Schematic of South Beaches east and west forcemain systems
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Table 1: Lift station wet well elevations and levels

) Elevation (ft) Level (ft)

Location

B-19 | B-20 | B-1 | B-6* | B-7* | B-10 | B-20 | B-1 | B-6* | B-7*
Wet well invert -15.2 | -14.6 | -15.4 | -154 | -154 | 0.0 0.0 0.0 0.0 0.0
Pumps off 92 | 8.6 | -124 | -124 | -124 | 6.0 6.0 3.0 3.0 3.0
Inlet pipe invert 7.5 1 65 | 94 | 94 | 94 Tl 8.1 6.0 6.0 6.0
Lead pump -6.2 | -6.1 64 | -64 | -6.4 9.0 8.5 9.0 9.0 9.0
Lag pump 1 42 | -51 54 | 54 | 54 | 110 95 10.0 | 10.0 | 10.0
Lag pump 2 3.2 4.5 - - - 12.0 | 10.1 - - -
High alarm 22 | 44 24 | 24 | 24 | 130 | 105 | 13.0 | 13.0 | 13.0
Top of wet well 7.7 7.1 8.5 8.5 8.5 229 | 21.7 | 239 | 239 | 239

* Elevations for B-6 and B-7 assumed to be as shown in HDR's EPANET model, and levels assumed as pet those for B-1.

Hydraulic Model Development

The hydraulic transient (surge) analysis was petformed using Bentley’s HAMMER v10 softwate
package. HAMMER is based on the proven method of charactetistics solution of the governing water
hammer equations, and it has been used for numerous projects globally for over a decade. To facilitate
the numerical modeling analysis, a hydraulic model (shown in Figure 3) was developed using the
information provided by HDR, namely the forcemain as-built drawings, pump petformance curves,
and previous analysis reports. Intermediate nodes wete also added at local high points, local low points,
and other key locations, such as transitions between pipe materials. Because the east forcemain system
is the ptimary subject system (the west system is only concerned for scenarios with the east-west system
interconnections), intermediate nodes at points of interest along the west forcemain were not modeled.

In developing the hydraulic transient model, some key assumptions wete made to facilitate the analysis.
The system pipes wete modeled using their nominal diameters. The smaller lift stations (which are not
shown in Figure 1) were omitted from the analysis, for they represent rather small flows compated to
the larger Lift Stations B-19, B-20, and B-1 (and similatly B-6 and B-7 for the west system). A Hazen-
Williams roughness (C-factor) of 110 was used for all existing piping due to theit age, and a roughness
factor of 140 was used for all new piping — the latter assumption is generally conservative for hydraulic
transient analyses due to simulating larger initial flows and thus larger changes in hydraulic states.
Further, the lift stations’ levels wete considered as either the low water level (LWL) and the high water
level (HWL): the former corresponds to the “pumps off” level listed in Table 1, while the HWL values
correspond to the higher lag pump start elevation (e.g., -3.2 ft for Lift Station B-19). Regarding the
downstream boundary condition, the WWTIP hydraulic profile schematic shows a submerged inlet
condition for the forcemain. The WWTP is thus represented as a constant head reservoir with an
elevation of 30.5 ft based on the LWL from the plant’s hydraulic profile. Further assumptions were
made in addition to those discussed above; these pertain to the pump properties, system wave speeds,
and surge protection, which are discussed in the tollowing sections.

Pump Properties

Pump properties such as size and speed are key parameters that directly affect the steady and transient
hydraulics (flows and pressures) of a pumping system. Table 2 lists the properties of the pumps at each
lift station. The combined rotational mass moment of inettia of a pump and its motor are the other key
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factor that affects the transient response of a pumping system. Under a power failute condition at a
pump station, a pump with greater total inertia will take a longer time to completely rundown (i.e., push
watet through the system) than will a2 pump with a lower total inertia. The manufacturer values for
pump inertia were not readily available for this analysis, so the radius-based (WR?) pump inettia was
estimated for each pl,mp based on empirical relations - these values are also listed in Table 2. Because
the total moment of inertia is occasionally a critical parameter to the hydraulic transient response of a
system, a sensitivity analysis of these values is conducted.

Table 2: South Beaches forcemain system lift station pump properties

- {Pump ) Rated | Rated | Rated | Rated Esfrigi:;ed
SystemFacility] D Status | Manufacturer and Model |Flow*|[Head* Power| Speed Inertia
(GPM) (@) | (p) | @pm) | (e
1 | Existing Flygt C3231-63-430 3,643 [147.0| 185 [ 1,780 | 758
B-19 | 2 |Exising|  FlygtC3231-63-430  [3,643[1470| 185 [ 1780 | 758
3 | Existing Flygt C3231-63-430 | 3,643 |147.0| 185 | 1,780 | 7538
| 1 | Dxisting |  FlygrC3231-63430 | 3,643 |147.0 | 185 [ 1,780 | 758
| B20| 2 |Existing Flygt C3231-63-430 | 3,643 | 147.0| 185 | 1,780 | 7538
3 | Existing Flygt C3231-63-430 3,643 | 147.0 | 185 | 1,780 | 758
1 | Exising | ABSAFP1501,310mm | 1,698 [1080| 70 | 1,785 | 204
i 1 |Proposed| Flygt NP 3_952_HT“3 ~466 1,003 |1427] 70 [ 1775 | 167
2 | Exising | ABS AFP 1501,310mm [ 1,698 {1080 70 | 1,785 | 204
2 |Proposed| Flygt NP 3202 HT 3~466 |1,093 |1427| 70 | 1,775 | 167
oo | L | Bisting | ABS AFP 1501, M430/4-44 [ 1,600 | 906 | 60 [ 1775 | 156
Weer || 2 | Exising | ABS AFP 1501, M430/4-44 | 1,600 | 906 | 60 | 1,775 | 156
oo | 1| Bxisting | ABS AFP 1501 R25076-42.50| 1,125 | 410 | 20 | 1,180 | 91
2 | Existing | ABS AFP 1501 R25076-42.50 | 1,125 | 410 | 20 | 1,080 | 9.1

* At the best efficiency point (BEP) on the pump’s performance curve.
1 Based on the empirical relations presented in Fluid Transients in Pipeline Systems, 2" Ed. (Thotley, 2004).
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Pipe Class and Wave Speed

Pipe material and pipe class (ie., ptessute rating) play an important role in the transient response of
pumping systems. The higher the tating of the pipe, the greater its working pressure rating, and the
greater the upper limit against transient (i.e., surge) pressures. Pipe rating is affected by a2 number of
factors, including imperfections from manufacturing, damage sustained during installation or use (e.g.,
construction or corrosion), depth of installation, and fatigue from repetitive pressure cycling. For
hydraulic transient analyses, the total pressure rating of a pipe (that is, the sum of its working pressure
rating and the pipe’s surge allowance) is typically used as a maximum design limit or upper bound.

Another key parameter that affects the nature and magnitude of transient pressures is the wave speed.
The wave speed (sonic speed through a liquid) of a system depends on both the nature of the flud
(e.g., density, air content) and on the elasticity of the pipe wall. The more elastic the material and the
thinner the pipe wall, the mote storage a pipe can provide to excess water being compressed and the
lower the wave speed. Matetials such as ductile iron, concrete pressure pipe, and steel typically produce
higher wave speeds and more significant upsutge pressures; comparatively, more elastic matetials (e.g,,
PVC, HDPE) tend to have lower wave speeds with milder upsurge pressures, yet they are often less
stiff and prone to longer downsutge pressute durations. This trade-off means that neither classification
of pipe is better than the other. Additionally, the interaction between different pipe materials having
different wave speeds can also lead to a wotse transient response — this is particularly the case for

systems such as the South Beaches forcemains, which comprise both ductile iron and PVC pipe.

Table 3 on the following page lists the nominal pipe sizes, pipe materials and classes, and wave speeds
considered in this analysis. From discussions with HDR, it is understood that the existing PVC
forcemain pipe has a working pressure rating of 100 psi — this corresponds to DR41 PVC pipe with 2
total (working plus sutge) pressure rating of 160 psi and an estimated wave speed of 850 ft/s.
Therefore, all PVC pipe is assumed to be DR41 for this analysis. The pressure class of the ductile iton
forcemain was not available at the time of this analysis. Accordingly, it is assumed to be Class 150, the
lowest available for ductile iron pipe, which has a working pressure rating of 150 psi and a total
pressure rating of 250 psi. The wave speed for ductile iron pipe typically ranges from 3,600 ft/s to
4,000 ft/s, so an average value of 3,800 ft/s is adopted here. A review of Blacoh’s transient pressure
monitoring data (which is discussed later) also suggests that the system wave speed vaties with the
system condition (number of pumps on, operating pressures and flows) — this is typical of forcemain
systems, which often have varying amounts of entrapped and dissolved gases that affect the wave
speed. Additionally, pipe wall thickness, the material Poisson ratio, joints, and the restraint conditions
(as imposed by thrust and joint restraints, anchoring, and expansion joints) also affect the wave speed.
For instance, a pipe that is sufficiently restrained at both ends will have a higher wave speed than one
with anchoring at one end ot none at all. The exact details of these properties are not known for the
South Beaches system though, so no adjustments are made to consider these and the basic wave speed
assumptions are utilized. Furthermore, sensitivity tests ate petformed for the assumed wave speed
values to explore whether they are indeed a critical parametet.

Existing Surge Protection

Surge protection devices are intended to alleviate otherwise excessively high or low pressures in
pressurized pipe systems. The as-built drawings for Lift Stations B-19 and B-20 show that each has a 6-
inch surge control valve located on the discharge header, though the specific type and function of the
valves is not known. In addition to the sutge valves, the as-built drawings for the forcemains show air
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valves at a small number of high points from Lift Station B-19 to the WWTP. From discussions with
HDR, the surge valves at Lift Stations B-19 and B-20 are presently isolated and thus not used, and the
air valves along the forcemains ate 2-inch nominal diameter air release valves — that is, the air valves are
small outflow only air valves that do not provide vacuum protection. Altogether, the existing South
Beaches forcemain system effectively does not feature dedicated surge protection.

Table 3: South Beaches forcemain pipe pressure ratings and wave speeds

. Working | Total
Nominal | . . Wave
g . Pipe Material | Pressure | Pressure
System |Section Diametet . . Speed
(in) and Class Rating | Rating (£t/5)
(psi) (psi)
Lift Station B-19 to Desot 20 | Duetlelron, } g | o5ox | 3,800
T IEs i e (R i Class 150* ;
Desoto to Anchor 20 PVC, DR41* 100 160 850
Anchor to Banana River 24 PVC,DR41° 100 160 850
Banana River to Fau Gallie 24 | Duetlelron, | o | 4504 | 3800
Fast Class 150
Eau Gallie to Oakland (Existing) 24 PVC,DR41* 100 160 850
Ductile Iron,
Eau Gallie to Oakland (Proposed) 30 class to be 150* 250* | 3,800
determined
| Ductile Iron, ¥ i
Oakland to WWTP 24 Class 150* 150 250 3,800
Lift Station B-6 to 1°* Avenue 20 PVC, DR41" 100 160 850
West | Ductile Iron, ¥ 2
1** Avenue to WWTP 24 Class 150* 150 250 3,800

* Because the class of ductile iron pipe is not known for this system, it is assumed to be class 150 with a working pressure
rating of 150 psi and total (operating plus surge) pressute rating of 250 psi.

+From discussions with HDR, it is understood that the existing PVC pipe has a working pressure rating of 100 psi. This
cotresponds to DR41 PVC pipe, which is assumed for all PVC pipe in the system.

It is also worth briefly mentioning the previous hydraulic transient (surge) analysis performed by
PBS&J in 2005. At the time of PBS&J’s analysis, the status of the existing surge valves at Lift Stations
B-19 and B-20 is not clear, and PBS&]J’s report does not list any other forms of existing surge
protection in the system. Results from the analysis suggest that, without dedicated surge protection,
negative pressures reaching full vacuum are problematic along the forcemain. To alleviate such
conditions, PBS&]J discusses two alternatives: installing combination air valves (CAVs) along the
forcemain at critical locations, ot installing sutge tanks at the lift stations. From discussions with HDR,
it is understood that neither of these recommendations has been implemented.

Transient Events

While most systems are often subjected to a vatiety of tisks resulting from hydraulic transients, the key
fot the analysis and design against unsteady flow (sutge, transient, or water hammer conditions) comes
down to the selection of an appropriate design event or design events. In this system, the primary
transient conditions arise from three events: opetational changes (i.e., routine pump or valve
operations), pipe failures (i.e., forcemain breaks), and power failures at the lift stations. The risks from
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routine pump or valve changes and other planned events (e.g., filling or draining) can be minimized and
accommodated through proper operator training and by ensuting that these changes evolve over a
moderate period of time. Pipe breaks are almost impossible to predict in any detail, ate more difficult to
control, and can result in negative pressure surges that yield subsequent pipe breaks. The key to
minimizing the impact of such an event (in both water supply and wastewater systems) is providing
adequate system storage, or in very large systems, pressutized vessels (i.e., surge tanks). Power failure
events are often the most problematic. They can occur under almost any operating condition; as a
result, the key transient protection challenge likely comes down to a power failure event at the source
lift stations (i.e., Lift Stations B-19, B-20, B-1, B-6, and B-7). This design event is a suitable choice
because power failures are, by their very nature, unpredictable. They ate inevitable over the long life of
pumping systems, and they are excellent surrogate design events for gauging a system’s response to
routine and non-routine pump trips, statts, and stops, and in some cases, pipe breaks.

When a power failure occurs, there is an immediate deceleration of the pump rotor and a dectease in
the rate that fluid is forced into the associated pipe segment. This reduction of inflow creates a mass
imbalance in the associated pipe, since the downstream end is not immediately informed of the loss of
power. The net effect is a low-pressure wave that propagates through the pipe system until it is
eventually reflected back at the downstream end. The reflected wave essentially sends a signal back to
the pump and repeats the cycle, a process that eventually and gradually brings about a new equilibrium
in the system. This is essentially a2 “conversation” between the ends of the system that takes place
through a series of pressure wave propagations. Eventually, these pressute waves ate dissipated by
friction and other energy losses, and a new steady-state is established.

From a design perspective, there are three immediate challenges associated with power failure events.
The first is the downsurge that immediately follows pump stoppage: this low-pressure wave can
potentially collapse a “weak” or under-designed pipeline or allow an intrusion event to occur at
susceptible points in the system. The second risk arises from the return sutge that is generated from the
reflected wave at the downstream end of a system. This reflected wave, teferred to as a “return
upsurge”, actually increases pressutes in the line, possibly to values that can considetably exceed the
original steady-state or equilibrium levels expetienced before the power failure. Unless propetly
controlled, the resulting transient pressures create either a tisk of pipe failurte or a need for much
stronger pipes (i.e., thicker pipe walls, resulting in a higher pipe pressute rating and gtreater cost). Lastly,
power failures can also create an upsurge event at the upstream (suction) line of the soutce pumping
station. The effect of the upsurge at the suction side generally depends on the type of pumping station.
In a “true” pumping station (such as Lift Station B-19), the upsurge is typically mitigated by the
presence of a wet well and/or a shott length of pipe.

Although power failures are likely the governing transient event, significant transient pressutes can still
arise from other source events. If not adequately controlled, the transient pressutes resulting from
routine pump starts and stops, which ate more frequent than power failutes, may be considerable; thus,
it is worthwhile verifying that power failures ate indeed the governing event. Under normal operating
conditions, routine pump starts and stops at Lift Stations B-19 and B-20 are petformed using the
pumps’ motor soft-starters. Based on information provided by HDR, pump start (and stop) opetations
involve starting (or stopping) a pump using its motor soft-starter with a 30 s ramp duration. Again,
motor soft-starters can provide some (albeit limited) hydraulic control for pump start and stop
opetations depending on the drive type, so here routine starts and stops ate represented using a linear
torque ramp. The pumps at the remaining Lift Stations B-1, B6, and B-7 are simply started (and
stopped) as an across-the-line operation with no hydraulic nor electrical control.
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From the above, the following events are considered in the hydraulic transient analysis:
o Global power failure of all lift stations,
e Local power failure of select lift stations, and
* Routine pump starts and pump stops.

The pump start and stop operations at Lift Stations B-19 and B-20 ate reptesented by a linear torque
ramp having the same 30 s duration as the motor soft-statters. Soft-starters limit either current or
voltage, theteby allowing power and thus torque to gradually adjust to the operating condition.

Analysis Scenarios

A total of 35 scenarios were simulated to explote the hydraulic transient (sutge) tesponse of the system
under different conditions. They consider various combinations of the system state (existing, proposed
upgrades, and potential east-west system interconnection), numbet of pumps initially on, wet well
levels, transient event (global or local power failure, pump opetations), and sutge protection.

The fitst group of scenarios (Scenarios 1A through 5B; Table 4) concerns the existing east forcemain.
These scenarios are intended to support the investigation into previous east forcemain failures, and
they explore the system response to global power failure events under full capacity (Scenarios 1A and
1B), local power failures at Lift Stations B-19 (Scenario 2) and B-20 (Scenatio 3), and routine pump
operations at Lift Stations B-19 (Scenarios 4A and 5A) and B-20 (Scenarios 4B and 5B). Scenarios 2
through 5B consider HWLs at the lift stations, for this yields the largest initial flow and thus likely the
greatest potential for extreme pressures.

Table 4: List of hydraulic transient analysis scenarios for existing conditions without sutge protection
. | Parent No. Pumps Well
Scenario Scenatio | B.19 | B.20 | B P B6 | B7 | Levels System Event+

1A 5 3 3 2 - - | HWL | Existing | Global Failure

1B 1A 3 3 2 - - LWL | Existing | Global Failure

2 - 3 0 0 - B HWL | Existing Local Failure

3 E 0 3 0 - - HWL | Existing Local Failure
4A - i 0 0 - - HWL | Exsting | B-19 Pump Start
4B 4A 0 1* 0 - - HWL | Existing | B-20 Pump Start
5A - 1 0 0 - - HWL | Exsting | B-19 Pump Stop
5B 5A 0 1 0 . - HWL | Existing | B-20 Pump Stop

* Pump start with pump initially off.

The second set of simulations (Scenarios 6A to 17B; Table 5 on the following page) explores the
hydraulic transient response of the system with the proposed 30-inch ductile iron forcemain
teplacement, proposed Lift Station B-1 upgrades, and no surge protection. Scenarios 10 and 11 in
patticular consider interconnections between the east and west forcemain systems on North Riverside
Drive and 2™ Avenue, tespectively; the rational for these two scenarios is to test the potential hydraulic
transient benefits (or detriments) of interconnecting the two systems. Scenatios 12 through 15 are
sensitivity tests of key parameters, including wave speed, pump inettia, and vapor cavity formation.
Additional simulations (Scenarios 16A to 17B) were petformed for routine pump starts and stops at
Lift Stations B-19 and B-20.
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Table 5: List of hydraulic transient analysis scenarios for proposed conditions without surge protection

. Parent No. of Pumps Well e
Scenatio . System Event* | Sensitivity
Scenario| B-19 | B-20 | B-1 B-6 B-7 | Levels
6A “ 3 3 2 B . HWL | Pr.Upgrades | GPF -
6B 6A 2 2 1 - - HWL Pr. Upgrades GPF -
TA - 3 3 2 - - LWL Pr. Upgrades GPF =
7B TA 2 2 1 - = LWL Pt. Upgtrades GPF =
8A - 3 0 0 - - LWL Pr. Upgrades GPF -
8B 8A 2 0 0 = = LWL Pr. Upgrades GPF -
9A - 0 3 0 - - LWL Pr. Upgrades GPF -
9B 9A 0 y 0 - = LWL Pr. Upgrades GPF =
10 7A 3 3 2 2 2 LWL Sl e s
Interconnection
11 7A 3 3 2 2 2 LWL Gl GPF
Interconnection
Worst ! +10% Wave
12 GPF 0 3 0 - - LWL Pr. Upgrades GPF Sooby
13 wott || o 3 0 : - | LWL | Pr Upgrades | GPF |0 Vave
\yrr * t;peea
Worst 50% Pump
14 GPF 0 3 0 - - LWL Pr. Upgrades GPF e
Worst No Vapor
15 GPF 0 5 0 = = LWL Pr. Upgrades GPF Cavities
Pump
o * 3 2 ; s
16A 1 0 0 HWL Pr. Upgrades Start
16B : 0 1* 0 2 - | BEWL | Pr Upgrades | TOP .
Start
Pump
g * - ~ r
16C 0 0 1 HWL Pr. Upgrades Start
. - 5 Pump
17A - i 0 0 - - HWL Pr. Upgrades Stop -
. Pump
17B % 0 1 0 = - HWL Pr. Upgrades 5o -
Pump
17C - 0 0 1 - - HWL Pr. Upgrades Y. -

* Pump start with pump initially off.
+GPF = global power failure, LPF = local power failure.

The aforementioned scenarios (Scenatios 1A through 17B) consetvatively consider no dedicated sutge
protection. The remaining Scenarios 18A to 20 (T'able 6 on the following page) explote the potential
benefits of installing dedicated surge protection, namely CAVs at critical locations to alleviate the
formation of vapor cavities (Scenatios 18A to 19B) and surge tanks (i.e., hydropneumatic air chambers
ot HACs) at the larger Lift Stations B-19 and B-20 (Scenarios 20A to 20D). The latter set of scenarios
are mainly intended to demonstrate the potential benefits of installing HACs with bladdets.
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Table 6: List of hydraulic transient analysis scenarios for proposed conditions with surge protection

Scenatio | Parent Scenario System I’owg‘::;tllure Surge Protection
18A Worst Base No. 1 Pr. Upgrades Global - 2-inch Standard CAVst
18B Worst Base No. 2 Pr. Upgrades Global 2-inch Standard CAVst
19A Worst Base No. 1 Pr. Upgrades Global 2-inch 3-Stage CAVst
19B Worst Base No. 2 Pr. Upgrades Global 2-inch 3-Stage CAVst
20A Worst Base No. 1 Pr. Upgrades Global HAC* at B-19
20B Worst Base No. 1 Pr. Upgrades Global HACH* at B-20
20C Worst Base No. 1 Pr. Upgrades Global HAC* at B-1
20D Worst Base No. 1 Pr. Upgrades Global HACs at B-19 and B-20

+GPF = global power failure, HAC = hydtopneumatic air chamber (pressurized surge tank).
T CAVs at select critical locations.

™. .. 14 4
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ANALYSIS RESULTS AND DISCUSSION

The following sections present and discuss the hydraulic transient (surge) analysis results. The initial
discussion concerns the field monitoring data and simulation results for the existing east forcemain
system, while subsequent sections discuss the results for the proposed upgrades, including alternatives
for surge protection. Further, Appendix A contains a tabular summary of the modeling results,
including initial lift station flows, the maximum predicted pressures, and the maximum predicted
air/vaport cavity volumes; graphical results in the form of hydraulic grade line (HGL) profiles are also
ptovided in Appendix B for the forcemain path from Lift Station B-19 to the WWTP. Lastly, Appendix
C contains excetpt plots of the field monitoring data with Blacoh’s full report provided in Appendix D.

Transient Pressure Monitoring Data

The transient pressure monitoting exetcise was undertaken by Blacoh from 26 September 2017 to
25 October 2017. One high-frequency pressure logger was installed on the discharge side of Lift
Station B-19 from 26 September 2017 to 25 October 2017, and another was installed on the discharge
side of Lift Station B-1 from 26 September 2017 to 12 October 2017. Both installations were
downstream of the pump check valves. Normal and transient pressutes were recorded, the latter at up
to 100 samples per second duting transient (sutge) events. Because the exercise was passive in nature
(that is, no cootdinated field tests wete performed), the data presumably represents typical system
conditions and routine operations. It is also worth noting that some transient pressure loggers suffer
from time drift, which otherwise impacts the ability to correlate data between loggers and against other
data. Consequently, the monitoring data cannot be directly compared against the modeling data due to
uncertainties of the following: the precise pressure measurement elevations, boundary conditions (e.g.,
wet well and WWTP levels, active pumps), the precise operational changes (and nature thereof), and
the system propetties. Despite the aforementioned limitations, inferences and observations can be
drawn from the field data for the existing east forcemain system. Sample monitoring results in the form
of pressure histories are provided in Appendix C for 30 September 2017 (Figure 47 to Figure 50) and
05 October 2017 (Figure 51 to Figure 55), two dates where monitoring data are available at both
locations. Table 7 below presents an ovetall summary of the pressure monitoring data.

Table 7: Summary of transient pressure monitoring data at Lift Stations B-19 and B-1

Lift Monitoring Period Pressure Summary (psi)
Station Start End Minimum Average Average Ave.t 48€ | Maximum
Low High
B-19 | 26 Sep 2017 | 25 Oct 2017 -8 39 65 77 148
B-1 26 Sep 2017 | 12 Oct 2017 -10 27 44 54 130

From a review of the transient ptessute monitoring data, the following general observations are made:

e Transient pressures at both monitoring locations regularly reach partial vacuum conditions. The
minimum recorded pressute at Lift Station B-19 is -8 psi, and that at Lift Station B-1 is -10 psi.
The minimum pressures are likely lower than -10 psi at forcemain high points, and these
locations ate therefore likely where full vacuum pressures and vapor cavity formation occurs.
Given the low and even negative transient pressures, the system is at risk of experiencing vapor
cavity formation and collapse, which can create significant transient pressures, extreme stresses
on forcemain pipes, and exacetbate failures. The monitoring data in Figure 48 (Appendix C)
shows what may even be the result of rapid air expulsion ot vapor cavity collapse.
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® From the transient pressure field monitoring data, the wave travel time from Lift Station B-19 to
B-1 ranges from 30 s to 35 s. Given that the distance between these two stations is roughly
29,100 ft, this corresponds to an aggregate wave speed of 830 ft/s to 970 ft/s. This is less than
that expected based on the estimated wave speeds for PVC and ductile iron (Table 3), though the
field estimate is subject to the precise time synchronization of the two transient pressure loggers.

® Regarding pressures, the maximum pressures recorded at Lift Stations B-19 and B-1 are 148 psi
and 130 psi, respectively. These are less than the assumed total (operating plus surge) pressure
ratings for the ductile iron pipe (250 psi) and PVC pipe (160 psi). The peak pressure at Lift
Station B-19 arose from what appeats to be a single pump start at Lift Station B-19 following a
petiod with all east system pumps off: Figure 56 and Figure 57 in Appendix C plot the pressure
time seties for this. The maximum pressure recorded at Lift Station B-1 arose from what is likely
check valve slam following a pump stop at Lift Station B-1, and this is shown in Figure 55.

° In general, the system operation during the day time appeats to have fewer 0-to-1 pump starts
and fewer 1-to-0 pump stops. For example, Figure 47 and Figure 51 show frequent petiods with
all system pumping off over night, while Figure 49 and Figure 53 show fewer operations duting
the day time. This is likely due to more consistent wet well inflows during the day time.

* Following what is presumably full pump stoppage for the system (i.e., all pumps at the major lift
stations ate turned off), the monitoring data shows rapid and extreme pressure fluctuations at
Lift Station B-19 (see Figure 48, Figure 50, and Figure 52 in Appendix C). The precise cause of
this behavior cannot be ascertained from the data alone, though it is quite likely the result of
either or a combination of (i) vapot cavity formation and collapse, (i) rapid air accumulation,
expulsion, or intake at leaky points in the system, ot (iii) part of the forcemain draining.

It is understood that the pumps at Lift Stations B-19 and B-20 are equipped with mototr soft-
starters that have ramp up and ramp down durations of 30 s. From the pressute monitoring data,
the soft-starters at Lift Station B-19 do not appear to provide meaningful hydraulic control,
particulatly for pump stop operations. This may indicate that either (1) the soft-starters are not
configured propetly with respect to hydraulic control or (i) the soft-starters simply provide no
hydraulic control for pump start and stop operations.

® The field data for Lift Station B-1 shows check valve slam following routine pump stops at Lift
Station B-1. This can be seen in Figure 54, and a closer view is provided in Figure 55. Check
valve slam is caused by a reflected downsurge wave returning before a check valve has time to
close, thereby slamming the valve closed. Check valve slam is detrimental to the local piping and
valve itself, as it creates excessive pressures and wears the valve seating and seal, potentially
leading to valve failure and an impropetly seating (leaky) valve. The pumps at Lift Station B-1 are
started and stopped with no hydraulic control (other than that provided by the check valves
themselves). Consequently and following a pump stop at Lift Station B-1, the downsurge wave
travels away from the facility along the relatively short 12-inch discharge line, reflects off of the
existing 24-inch forcemain, and returns back to the pumps slamming the check valve closed.

Existing East Forcemain System

Table 9 in Appendix A summarizes the simulation tesults for the existing east forcemain system
without the proposed upgtades nor any surge protection (Scenatios 1A through 5B). Scenartios 1A to 3
consider global and local power failures with the system initially operating at full capacity (that is, with
all pumps on at an active facility under large inflow conditions). In each case, the system response is
tather varied with a number of intermediate reflections, and these are caused by the use of both less
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elastic ductile iton and mote elastic PVC pipe materials along the forcemain. The tabular results in
Table 9 and graphical results in Appendix B also show partial to full vacuum conditions (negative
ptessutes) along the forcemain from Lift Station B-19 to the WWTP — for example, the HGL envelope
along the east forcemain for Scenario 1B (Figute 7 in Appendix B) shows negative pressures at neatly
all locations. Negative pressures wete simulated as persisting for up to roughly 30 s. Moreover, the full
vacuum conditions are predicted to give tise to vapor cavity formation and collapse at both the lift
stations and along the forcemain, as indicated by the non-zero vapor volumes.! Of Scenarios 1A to 3,
Scenatio 1B yields the most critical response with the largest predicted vapor cavities, and this is likely
due to (i) the system opetating at full capacity and with high initial velocities and (ii) the wet wells being
at LWL, which yields a slightly lower initial HGL and thus less ability to accommodate downsurges.
Opverall, the long wave travel time for the PVC sections of the forcemain also prolong negative pressure
durations, thus exacerbating concerns of vapor cavities.

The remaining Scenarios 4A through 5B explore the system response to routine single pump starts and
stops at Lift Stations B-19 and B-20. The scenarios are based on an initial condition of no pumping at
other locations, theteby yielding the largest flow change for the pump start and stop. The results
(Figutre 10 to Figure 13 in Appendix B) show rather high upsurge pressures (up to 95 psi at Lift Station
B-19); for comparison, Figure 4 plots the results for Scenario 4A against the field monitoring data for
what appears to be a routine pump start at Lift Station B-19. These data compare reasonably well for
the inital upsutge; however, there are clear differences thereafter. Moreover, compared to the field
monitoring data, the numerical modeling results predict lower maximum transient pressures. The
difference between the model and field data is largely due to how pump start operations are actually
petformed. For this analysis, a 30 s linear torque ramp is used for pump starts, whereas the actual field
conditions likely vary from this depending on the soft-starters” control and type (that is, whether the
soft-starters limit voltage or cuttent, and whethet this translates to effective torque and thus hydraulic
control). The differences ate also affected by uncertainties of the boundary conditions (wet well levels,
number of pumps on) and system properties. The results for Scenarios 5A and 5B show negative
ptessures and even full vacuum conditions following pump stop operations, which generally agrees
with the low field monitoring pressures observed following full pump stoppage in the system.

Both the field monitoring data and numerical modeling results suggest that the typical pressures under
steady and transient (surge) conditions ate within the assumed total (operating plus surge) pressure
ratings of the system’s ductile iron and PVC pipes. Thete are, however, issues with check valve slam at
Lift Station B-1, and Lift Stations B-19 and B-1 regularly expetience negative pressures. Further, it is
quite likely that negative pressures routinely occur throughout the entire forcemain, and this is likely
due to a combination of the system having a mixture of pipe materials, a lack of dedicated surge
protection, possible vapot cavity formation and line draining, and frequent pump start and stop
operations with insufficient hydraulic control to minimize transient pressures. Regarding the latter,
motot soft-statters alone generally provide inadequate (if any) hydraulic control, which is particularly
impottant at the larget Lift Stations B-19 and B-20. Compared to motor soft-starters, hydraulic control
valves and variable frequency drives (VFDs; also refetred to as variable speed drives) tend to provide
much better hydraulic control with gtreater capability for controlling transient pressures resulting from
routine operations.

! Tndeed, vapor cavity formation is important, but it is important to note that the ability of numerical models to accurately
simulate vapor cavity formation and collapse is difficult. Futthermore, the nature of the fluid (i.e., wastewater) will likely
limit the duration of potential vapot cavities due to the presence of dissolved gases and the high number of nucleation sites.
Accordingly, the actual system tresponse is likely to differ from the simulation results, though negative pressures and vapot
cavity formation ate nonetheless problematic.
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Figure 4: Compatison of simulation results for Scenario 4A (existing system, HWL, single pump start at
Lift Station B-19) against Lift Station B-19 monitoring data on 30 September 2017 at 12:44 PM

Proposed Upgrades without Dedicated Surge Protection

Table 10 in Appendix A summarizes the simulation results for the east forcemain system with the
proposed 30-inch ductile iron forcemain and upgtades to Lift Station B-1 (Scenarios 6A through 17B).
As with the existing conditions, power failures are expected to create marginal upsurge pressutes, yet
negative pressures reaching full vacuum conditions are still predicted all along the forcemain from Lift
Station B-19 to the WWTP. The negative pressures persist for up to roughly 10 s, which is less than
that simulated for the existing conditions, likely due to the proposed 30-inch ductile iron forcemain
having a higher wave speed than the existing PVC pipe. The simulation results show vapor cavities
forming due to the negative pressures, and the subsequent vapor cavity collapse is predicted to create
pressure spikes and high local stresses. Of the power failure scenarios for the potential system
upgrades, Scenarios 7A and 9A are generally the wotst: the former considers a system-wide power
failure under full capacity pumping, while the latter scenario 9A considers a local power failure with
only Lift Station B-20 on and at full capacity. Both scenarios result in larger vapor cavities forming
compated to other scenarios. The total flow is high for Scenario 7A, so the resulting flow change for
the forcemain is rather large, thus yielding extreme pressure drops. Scenario 9A features a high local
flow at Lift Station B-20 due to no other system puﬁlps being on, and this leads to an extreme local
tesponse that propagates to the rest of the system. Herein Scenatios 7A and 9A are considered as the
base worst-case events due to having more severe tesponses, with both having overall greater vapor
cavity volumes predicted along the fotcemain compared to all other scenatios discussed thus far.

Scenatios 10 and 11, each based on Scenario 7A, test the system response with the proposed upgrades
and potential future east-west forcemain interconnections on Notth Riverside Drive and along 2nd
Avenue, respectively. The interconnections increase the downstream system capacity; consequently, the
total upstream flow and thus initial upstream velocity are higher than for Scenatio 7A. Though
increased flows are beneficial for capacity, the results for Scenatios 10 (Figure 22) and 11 (Figute 23)
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suggest that the higher initial flows yield worse hydraulic transient responses with larger vapor cavities
forming in the upstream segment of the forcemain.

Because a number of assumptions wete made in developing the hydraulic transient model, sensitivity
tests wete petformed to explote the effect of varying the wave speed (Scenarios 12 and 13), pump
inertia (Scenatio 14), and vapor cavity formation (Scenario 15). Scenario 9A was used as the base
scenario for these due to having large predicted vapor cavity formation. In general, a comparison of the
tesults for Scenatios 12 through 14 (Figure 23 to Figure 26 in Appendix B) against those of Scenario
9A shows that the wave speed and pump inertia indeed affect the results but not significantly.
Regarding Scenatio 15 (based on Scenario 9A without vapor cavity formation), Figure 27 in
Appendix B shows a much lower minimum HGL envelope without vapor cavity formation, which
suggests that vapor cavity formation and collapse is certainly possible for the system.

Lastly, Scenarios 16A through 17C test the system tresponse to routine single pump start and stop
opetrations with the proposed upgrades. Scenatios 16A, 16B, and 16C consider single pump starts at
Lift Stations B-19, B-20, and B-1, respectively, while Scenarios 17A, 17B, and 17C consider single
pump stops at the same tespective facilities. From the results for the pump start scenarios (Figure 28
and Figure 33 in Appendix B), rather large upsurge pressures are predicted, with that at Lift Station
B-19 reaching an estimated 120 psi and that at Lift Station B-20 reaching an estimated 110 psi. As with
Sceparios 5A and 5B for the existing system, the results for the pump stop tests with the proposed
upgrades (Scenatios 17A and 17B; Figure 31 and Figure 32 in Appendix C) show negative pressures
following full pump stoppage in the system, with negative pressures reaching partial vacuum conditions
along much of the east forcemain.

Proposed Upgrades with Surge Protection

From the simulation results for Scenarios 1A through 17B, the key hydraulic transients challenge in the
South Beaches fotcemain system (with or without the proposed upgrades) concerns negative pressures.
Negative pressures reaching full vacuum are predicted throughout the system under a power failure
condition. This can give rise to vapor cavity formation and collapse, which itself creates extreme local
pressures and stresses that exacetbate pipe wear, ultimately and likely leading to pipe failures. The risk
of negative pressutes has also been confirmed via the parallel field pressure monitoring study. Two
alternatives fot controlling negative pressures that are considered as patt of this analysis are (i) installing
CAVs® at critical high points that will allow air to enter the forcemain under vacuum conditions to
prevent local vapor cavity formation or (ii) introducing pressurized storage (e.g., surge tanks, aka
HAG:) that alleviates downsurges and thus negative pressures.

Scenatios 18A through 20C test the benefits of installing dedicated surge protection. The scenarios are
based on the worst-case Scenarios 7A and 9A, which feature the largest predicted vapor cavity volumes.
Scenatios 18A to 19B test the potential benefits of installing CAVs at forcemain high points located
roughly 11,300 ft from Lift Station B-19 (near South Patrick Drive at Island Drive), 19,330 ft from Lift
Station B-19 (near South Patrick Drive at Indrio Boulevard), and 47,210 ft from Lift Station B-19 (near
Notth Shannon Avenue at Fifth Avenue) where previous scenarios show large vapor cavities forming.
Scenarios 20A to 20C explore the system response with HACs (i.e., pressurized surge tanks) installed at
Lift Stations B-19 and B-20. Table 8 lists the surge protection details.

2 Combination air valves (CAVs) are a dual function air valve. Under pressutized conditions, they allow the controlled
telease of accumulated air through a small (and latge) orifice, and under vacuum conditions, air enters the pipe through a
larger orifice to alleviate negative pressutes.
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'T'able 8: List of surge protection simulated in Scenarios 18A to 20C

Scenario Paten.t Conditions Surge Protection
Scenatio
18A 7A  |Full Capacity, LWL, GPF* 2-inch standard CAVs at select locations*
18B 9A  |Full Capacity at B-20, LWL, LPF* |2-inch standard CAVs at select locations*
19A 7A  |Full Capacity, LWL, GPF* 2-inch three-stage CAVs at select locations*
19B 9A  |Full Capacity at B-20, LWL, LPF* |2-inch three-stage CAVs at select locations*
20A 7A | Full Capacity, LWL, GPF" 4,000 gal HAC at B-19
20B 7A  |Full Capacity, LWL, GPF* 10,000 gal HAC at B-20
20C 7A  |Full Capacity, LWL, GPF* 4,000 gal HAC' at B-1
0 " 3 al HAC' at B-19
20D | 7A  |Full Capacity, LWL, GPF 6,888 gal TR g

* CAVs were modeled at toughly 11,300 ft (near South Patrick Drive at Island Drive), 19,330 ft (near South Patrick Drive at
Indrio Boulevard), and 47,210 ft (near North Shannon Avenue at Fifth Avenue) from Lift Station B-19.

+GPF = global power failure and LPF = local power failure.

1T HAC = hydropneumatic air chamber with a bladder separating the liquid and gas phases. For Scenatio 20A, the Lift
Station B-19 HAC was modeled with a 5-inch connection, and for Scenario 20B the Lift Station B-20 HAC was modeled
with an 8-inch connection. The Lift Stations B-19 and B-20 HACs were modeled with 4-inch and 6-inch connections,
respectively, for Scenario 20C. The bladders were modeled with a pre-charge pressure of 10 psi, yielding initial air volumes
of 22% and 24% for Lift Stations B-19 and B-20, respectively.

Table 11 in Appendix A summarizes the simulation tesults for Scenarios 18A through 20C. In general,
the Scenarios 18A to 19B results (Figure 34 to Figure 37 in Appendix B) show that CAVs help alleviate
the formation of some vapor cavities. However, negative pressures are still problematic along the entire
forcemain, as the CAVs mostly provide localized benefits in their vicinity. Furthermore, reliance on
multiple CAV's for surge protection requires all critical CAVs to be operational and in working ordet,
and this can seldom be ensured for wastewater systems whete solids in the fluid can damage CAVs.

Scenario 20A tests the benefits of installing a 4,000 gal HAC only at Lift Station B19. Similatly,
Scenatio 20B tests a 10,000 gal HAC only at Lift Station B-20. Tank sizes of 2,000 gal were initially
tested (the results ate not reported here) based on PBS&]J’s surge analysis repott, and the current sizes
wete determined as the minimum necessary to keep the tanks from draining. The Scenatio 20A results
(Figure 38 and Figure 39 in Appendix B) show that an HAC at Lift Station B-19 helps reduce the
formation of vapor cavities, though there are still some along the forcemain. Compatatively, the results
for Scenario 20B with an HAC at Lift Station B-20 (Figure 40 and Figure 41 in Appendix B) show
greater improvement over the patent Scenario 7A as well as Scenario 20A, with negative pressutes
eliminated along a majotity of the east forcemain. To explore the system response with an HAC
installed at Lift Station B-1, Scenario 20C tests a 4,000 gal HAC (the minimum size from Scenarios 20A
and 20B). The results (Figure 42 and Figure 43 in Appendix B) show little change in the overall system
tesponse, indicating that a larger HAC is required and that Lift Station B-1 is likely not an optimal
location due to being a smaller lift station and thus less severe source of transient pressures. Lastly, the
results for Scenario 20D (Figure 44, Figute 45, and Figure 46 in Appendix B) suggest that installing an
HAC at each of Lift Station B-19 (3,000 gal) and Lift Station B-20 (6,000 gal) nearly eliminates negative
pressures altogether, with a few sections expetiencing pressures down to -5 psi. These results indicate
that HACs are the most effective alternative for controlling transient pressures in the system, and
though not tested hete, they would also benefit the system for routine pump starts and stops should no
changes be made to the pump statt-stop controls. The HAC sizes listed above are the minimum
necessary to prevent draining, and larger sizes will provide an even greater benefit to the system in
conttolling transient pressures and likely even eliminating the occurrence of negative pressures.
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CONCLUSIONS AND RECOMMENDATIONS

In response to previous failures in the South Beaches forcemain system, HDR was retained by Brevard
County to review previous studies, conduct a transient pressure monitoring exercise, and propose
alternatives for improving the system. In support of these, HydraTek performed a review of the field
monitoring data, and a numetrical hydraulic transient (sutge) analysis was completed parallel thereto to
analyze the existing system, proposed upgrades, and identify potential improvements. As with most flat
forcemains, the key hydraulic transient challenge for the South Beaches system concerns negative
pressures and frequent pump start-stop operations moteovet, the system response is complex and
largely nfluenced by the mixed use of ductile iron and PVC pipes. Based on the review of the field
monitoring data and numetical modeling analysis, the following concluding remarks and
recommendations ate provided to support HDR’s work:

1. From a review of the transient pressure field monitoring data, the maximum pressures recorded
at Lift Stations B-19 and B-1 are 148 psi and 130 psi, respectively. The average high pressures
recorded at Lift Stations B-19 and B-20 are also 77 psi and 54 psi, respectively. At the time of this
analysis, the working and total (operating plus surge) pressure ratings of the system’s ductile iron
and PVC pipes were not available; accordingly, the actual working and total pressute ratings of
the ductile iron and PVC forcemain sections should be confirmed and compared against the
aforementioned values.

2. Although the maximum recorded transient pressures ate likely within the forcemain’s upper
pressure limit for the PVC and ductile iron pipe, it is quite possible that the combined effect of
frequent pump start-stop events; a lack of suitable hydraulic control during such operations; and
potential forcemain draining, vapor cavity collapse, or rapid air expulsion contributed to or
exacerbated the previous failures.

3. The numetically predicted negative pressures should be avoided for the sake of maintaining joint
seals — see ASTM D3139-98 (Standard Specification for Elastomeric Seals (Gaskets) for Joining
Plastic Pipes), which recommends a minimum partial vacuum pressure of -10 psi; otherwise,
repeated positive-negative pressure cycles can wear the seals, leading to leakage and ultimately
joint failure.

4. In addition to the above, a fatigue loading analysis can be petformed for the PVC section of the
forcemain to determine whether repetitive pressure cycling from frequent pump start-stop
operations is contributing to the forcemain failures. Such an analysis should consider a pressure
range of -10 psi to 90 psi (the average recorded upsurge pressure) and a frequency of 30 complete
cycles per system pet day.

5. The field monitoring data for Lift Station B-1 shows pressute traces that are characteristic of
check valve slam following pump stops. Check valve slam can create significant pressure spikes,
and it causes high local stresses that can lead to or cause pipe and valve failure. The design of the
proposed upgrades for Lift Station B-1 should considet check valve slam and the selection of
better quality check valves. This may be accomplished by using valves with shorter closure
strokes/angles, and either check valve accelerators (to close the valve faster before the atrival of a
return wave) or dampeners (to cushion and slow the valve’s closure).
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6. It appears that the motor soft-starters at Lift Stations B-19 and B-20 provide less than adequate
hydtraulic control for pump starts (for example, as shown in Figure 57). There is also inadequate
control for pump stops, and the field data shows that Lift Stations B-19, B-1, and likely B-20
routinely expetience negative pressures reaching pattial vacuum conditions following full pump
stoppage for the system. The resulting peak pressures are also on the order of two to three times
as high as the average operating pressures. Furthermore and as is typical of sewage forcemain
systems, pump start and stop operations are rather frequent and likely contributing to cyclic
fatigue of the piping and exacerbating failures. Consideration should thus be given to improving
hydtaulic control for pump starts and stops to better control transient pressures.

7. Two altetnatives for better controlling pump operations are discharge control valves and VFDs.
Dischatge control valves provide direct hydraulic control by modulating the head and flow of
individual pumps, wheteas VFDs control the operating speed of a pump and thus its pump cutve
and operating point. Using either alternative, operations can be performed more slowly during
pump statts and stops, thereby minimizing transient pressures and the shock to the system.
Between control valves and VFDs, the former tend to be less costly and provide more direct
control, though they are less common in wastewater applications due to the natute of the fluid.
Comparatively, VFDs, while more expensive, can be used to operate the pumps at lower speeds
during low inflow periods to minimize unnecessary pump on-off operations while improving
operational efficiency. Another option is to stagger the pump start-stop wet well levels by a larger
distance than is presently set to reduce the frequency of start-stop changes.

8. The data for Lift Station B-19 shows high frequency and large transient pressure fluctuations
following full pump stoppage for the system (ie., with no pumping from Lift Stations B19, B-20,
and B-01). This is likely the result of eithet or a combination of: (i) sections of the forcemain
draining, refilling, and re-pressurizing, (i) rapid air intake, accumulation, or expulsion, or (i)
vapor cavity formation and collapse. The cause of these pressure fluctuations should be further
investigated, starting with an investigation as to why the system pressures ate low and even
negative following complete stoppage. This may be tested by fully stopping all pumps for a
period of at least 5 minutes (e.g., during low flow periods overnight), wet well levels permitting,
and recording the system pressures at Lift Stations B-19, B-20, and B-1 to explore what the static
system hydraulics are without pumping (and in comparison to an expected static HGL based on
the WWTP outlet elevation of 30.5 ft.) A flow meter suited to wastewater applications can also
be used to monitor potential backflow and forcemain draining. If not propetly mitigated, this
phenomenon may further contribute to failures by causing rapid and significant stress changes.

9. Further to the above, the original design and forcemain should be teviewed to inspect whether
there are existing in-line check valves at any location, including at the WWTP. If not,
considetation should be given to exploting the possibility of installing in-line check valves along
the forcemain to prevent it from draining and depressurizing under conditions with no pumping,

10.The field monitoring data should be compared against the County’s SCADA data for the South
Beaches system to correlate operational changes to observed events. Furthermore, the system
response and behavior can be further investigated with a cootrdinated transient pressure
monitoring investigation, whereby more pressure loggets are installed and controlled, planned
tests (such as pump emergency stops) ate petrformed.
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11.The proposed 30-inch ductile iton forcemain teplacement and Lift Station B-1 upgrade will
inctease the system’s capacity and thus maximum total flow. Despite this, the system response is
expected to remain comparable to its current state, featuring negative pressures reaching full
vacuum conditions along the fotrcemain and potentially with vapor cavity formation and collapse.
Negative pressutes can damage pipe seals, particularly for the PVC sections of the forcemain, and
vapot cavity collapse creates high localized pressures and extreme stresses on the forcemain.

Regarding the proposed 30-inch ductile iron forcemain replacement, the corresponding pipe class
can be chosen according to the maximum expected operating pressure rather than transient
ptessure. For the Lift Station B-1 upgtades, check valve slam should be appropriately considered
with design pressutes based on the field monitoring data. It is also recommended that
consideration be given to installing either discharge control valves or VFDs for new pump
installations and modifications (e.g., at Lift Station B-1) to improve the hydraulic control of
toutine pump start and stop operations and thus minimize the transient pressures and shock to
the system. All piping and appurtenances should also be designed to withstand full negative
pressutes reaching up to -14.7 psi, as well as have adequate bedding and structural suppott to
accommodate frequent loading cycles.

12.Presently the South Beaches forcemain does not have any dedicated surge protection. The surge
valves at each of Lift Stations B-19 and B-20 are currently isolated, and all air valves installed
along the forcemain are air release (outflow only) valves. From the field data, numerical modeling
tesults, and history of failutes, the South Beaches system would benefit from the installation of
dedicated sutge protection. Two alternatives for this are (i) installing combination air valves
(CAVs) along the forcemains at critical locations, namely local high points, or (i) installing
hydropneumatic ait chambers (HACs; i.e., surge tanks) at Lift Stations B-19 and B-20.

The analysis explored the potential benefits of installing CAVs at select locations on the east
forcemain. The results suggest that CAVs help alleviate the formation and collapse of some
vapor cavities, including the subsequent pressute shocks and high local pipe stresses that may
otherwise exacetbate ot cause failutes. Though beneficial, CAVs are expected to only provide
localized benefits to the system where they are installed, and negative pressures remain
ptoblematic along nearly all of the fotcemain. Moreover, reliance on multiple CAVs for surge
protection requires that all of the CAVs be maintained, operational, and reliable, and CAVs are
typically less reliable than surge tanks and for wastewater applications. Thus, CAVs alone are
insufficient unless combined with other forms of surge protection and better hydraulic control
for pump start and stop operations.

Numerical simulations wete also petformed to assess the benefits of installing HACs (ie.,
ptessurized surge tanks) at each of the larger Lift Stations B-19 and B-20. The model results
suggest that suitably sized HACs (in the range of 4,000 gallons to 10,000 gallons per facility) can
eliminate neatly all negative pressures along the forcemain. This is highly beneficial for avoiding
vapot cavity formation, frequent and rapid pressure cycling, and wear on joint seals. Given the
system’s histoty of failures, this option should be given further consideration. The current study
only explored a limited number of HAC combinations to demonstrate their potential benefits,
with the sizes mainly determined to avoid tank draining. A more detailed analysis can be
conducted to optimize the number of HACs, their sizes and locations, and performance — for
instance, designing the tanks to not only avoid draining but also have a minimum allowable water
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volume/content under transient conditions (e.g., 2 minimum 10% of the overall tank volume)
and/ot a minimum water depth (i.e., to avoid vortex action at the outlet).

13.During and following commissioning of the proposed upgrades, transient pressure monitoring
can be catried out to further identify and monitor the overall risk to the system. This would
requite the installation of high frequency transient pressure monitors similar to those used by
Blacoh and ideally ones that can remotely transmit the data for ongoing review and confirmation.

14.Following a powet failure event (ot emergency pump stop or trip), Lift Stations B-19, B-20, and
B-1 should stay idle for a petiod of at least 3 minutes in order to allow the transient pressute
waves to dissipate. Therefore, the pumps should not be allowed to start (via utility or backup
powet) within this designated standby period unless the wet well level is at the high-high alarm.
The mixed pipe matetial nature of this ovetall system further increases the risk of pressure wave
superimposition and amplification.
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APPENDIX A: TABULAR SUMMARY OF
NUMERICAL MODELING RESULTS



South Beaches Lift Stations and Forcemains, Brevard County

Table 9: Hydraulic transient simulation results for existing conditions — Scenarios 1A to 5B

Initial Lift Station Flows (gpm) 20-inch Forcemain 24/30-inch Force
Scenario Parent Min. Max. Max. Min. Max.
Scenario | B19 B20 B01 B06 B07 | Pressute | Pressure | Vapour | Pressure | Pressure

(psi) (psi) | Vol. (gal) | (psi) (psi)
1A - 2280 | 3359 | 962 - - <14 108 3 -14 97
1B 1A 2241 | 3,380 | 889 - - -14 106 5 -14 95
2 - 4,529 0 0 - - -14 96 14 -14 58
3 - 0 5,597 0 - - -14 81 9 -14 79
4A - 0 0 0 - - 11 95 0 0 70
4B - 0 0 0 - 1 88 0 0 82
S5A - 3,565 0 0 - - -10 68 0 -10 43
5B - 0 4,143 0 - -12 53 0 -14 52

Min. - - - - - - -14 - - -14 -

Max. - 4,529 | 5,597 | 962 - - - 108 14 - 97

=)=
/i
{ N
l\\\g
2
==
e
==



Hydraulic 'I'ransient (Sutge) Analysis
South Beaches Lift Stations and Forcemains, Brevard County

Table 10: Hydraulic transient simulation results for proposed conditions without sutge protection — Scenatios 6A tc

Initial Lift Station Flows (gpm) 20-inch Forcemain 24/30-inch Force
Scenario Parent Min. Max. Max. Min. Max.
Scenario | B19 B20 Bo1 B06 B07 | Pressure | Pressure | Vapour | Pressure | Pressure
{psi) {psi) Vol. (gal) {(psiy | (psi)
6A - 2,406 | 4,302 [ 1,051 - - -14 107 6 -14 95
6B 6A 2,528 | 3,945 | 763 - - -14 100 8 -4 86
TA - 2,355 | 4318 | 973 - - -14 105 8 -14 93
B TA 2477 | 3,939 | 717 - - -14 98 10 -14 84
8A - 4,800 0 0 - - -14 92 25 -14 50
8B 8A 4,459 0 0 - - -14 82 20 -14 57
9A - 0 6,758 0 - - -14 82 41 -14 80
9B 9A 0 6,137 0 - - -14 79 31 -14 70
10 7A 2,755 | 5390 | 1,694 | 978 794 -14 103 34 -14 87
i1 TA 2,635 | 5,060 | 1,469 | 1,480 | 844 -14 104 1 -14 89
12 9A 0 6,758 0 - - -4 82 40 ~14 8
13 9A 0 6,758 0 - - -14 82 22 -14 80
14 9A 0 6,758 0 - - -14 82 46 -14 80
15 9A 0 6,758 0 - - -55 82 0 -41 80
16A - 3,768* 0 0 - - 11 120 0 0 92
16B - 0 4,687* 0 - - 11 122 0 0 110
16C - 0 0 - - -11 62 0 -14 60
17A - 3,768 0 0 - - -10 65 0 -10 38
17B - 0 4,687 0 - - -11 49 0 -11 48
17C - - - -14 40 0 -12 32
Min. - - - - - - -55 - - -41 -
Min.+ - - - - - - -14 - -14 -
Max. - 4,800 | 6,758 | 1,694 | 1480 | 844 - 122 46 110

+Excluding the results for Scenatio 15 with no vapot cavity formation.
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Table 11: Hydraulic transient simulation results for proposed conditions with sutge protection — Scenarios 18A to 2

Initial Lift Station Flows (gpm) 20-inch Forcemain 24/30-inch Force
Scenario Parent Min. Max. Max. Min. Max.
Scenario | B19 | B20 B01 B06 B07 | Pressure | Pressure | Vapour | Pressure | Pressure

(psi) (psi) | Vol. (gal) (psi) (psi)

18A TA 2,355 | 4,318 | 973 - - -14 160 2,627 -14 102
18B 9A 0 6,758 0 - - -14 169 3,003 -14 88
19A TA 2,355 | 4,318 | 973 - - -14 128 2,298 -14 93
198 9A 0 6,758 0 - - -14 114 2,612 -14 80
20A TA 2,355 | 4,318 | 973 - - -14 105 8 -14 93
208 [ 7a | 2355 | 4318 | o3| - L 43 105 0 5 93
20C TA 2355 | 4,318 | 973 - - -14 105 19 -14 93
20D 7A 2,355 | 4318 | 973 - - -5 105 0 -3 93
Min. - - - - - - -14 - - -14 -
Max. - 2,355 | 6,758 | 973 - - - 169 3,003 - 102

=)=
W/
{tie
I“.a
&)
=
=)
-3



Hydraulic Transient (Surge) Analysis 15 December 2017
South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)

APPENDIX B: GRAPHICAL HYDRAULIC
TRANSIENT ANALYSIS RESULTS
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This appendix presents the numerical hydraulic transient analysis results for the South Beaches east
forcemain system via transient pressure envelope figures. The transient pressure envelope figures are
plotted as hydraulic head (pressure) versus distance along the forcemain profile path from Lift Station
B-19 to the South Beaches Wastewater Treatment Plant (WWTP). The profile figures should be read
from left to right. The left side corresponds to the location of Lift Station B-19, and the right side
corresponds to the South Beaches WWTP (refer to Figure 5 on the following page). Lift Stations B-20
and B-1 are located at distances of approximately 17,750 ft and 29,100 ft from Lift Station B-19,
respectively. The hydraulic head profiles are representative of that along the red-highlighted line in
Figure 5 on the following page.

Unless otherwise noted, all of the values are presented in the units of feet (ft) and all figures can be
deciphered using the following legend:

Red Line: Estimated vapor or air cavity volume in gallons
Light Blue Line: Steady-state (operating) hydraulic grade line (HGL)

Blue Lines: Maximum and minimum transient pressure envelope (HGLs)

Green Line: Pipe profile (elevation)
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Figure 5: Profile path for analysis results, from Lift Station B-19 (top-left) to the South Beaches WWTP
(bottom-right)
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Figure 6: Scenario 1A — Existing system, full capacity, HWL, global power failure
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Figure 7: Scenario 1B — Existing system, full capacity, LWL, global power failure
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Figure 8: Scenatio 2 — Existing system, only B-19 on at full capacity, HWIL., local power failure
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Figure 9: Scenario 3 — Existing system, only B-20 on at full capacity, HWL, local power failure

!!‘ l...l;a'nl.



Hydraulic Transient (Surge) Analysis 15 December 2017

South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)
350 7 - = - 160
-—Forcema.:.ﬂ Centreline Elevation Scenario 4A
~——— HGL - Final
300 | ——HGL - Max/Min Envelope 140
—— Max. Vapour Volume
250 120 _
~200 100 E
& =
(-] o
£150 80 =
: :
< 100 60 >
5
50 40 =
0 20
-50 0
00+0606 10+000 204000 304000 46+06006 50+008 &G+-D00 76+000
Distance from Lift Station B-19 (ft)
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Figure 12: Scenatio 5A — Existing system, HWL, single pump stop at B-19
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Figure 13: Scenario 5B — Existing system, HWL, single pump stop at B-19
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Figure 15: Scenario 6B — Proposed upgtades, firm capacity pumping, HWL, global power failure
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Figure 16: Scenatio 7A — Proposed upgtades, full capacity pumping, LWL, global power failure
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Figure 17: Scenatio 7B — Proposed upgrades, firm capacity pumping, LWL, global power failure
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Figure 18: Scenatio 8A — Proposed upgtrades, full capacity at B-19 only, LWL, local power failure
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Figure 19: Scenatio 8B — Proposed upgrades, firm capacity at B-19 only, LWL, local power failure
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Figure 20: Scenatio 9A — Proposed upgrades, full capacity at B-20 only, LWL, local power failure
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Figure 21: Scenario 9B — Proposed upgrades, firm capacity at B-20 only, LWL, local power failure
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Figure 22: Scenatio 10 — Proposed upgrades, full capacity, LWL, east-west forcemain intetconnection at
Riverside Drive, global power failure
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Figure 23: Scenario 11 — Proposed upgrades, full capacity, LWL, east-west forcemain interconnection at

Oakland Avenue, global power failure
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Figure 24: Scenario 12 — Scenario 9A (proposed upgrades, full capacity at B-20 only, LWL, global
power failure) with +10% wave speed
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Figure 25: Scenario 13 — Scenatio 9A (proposed upgtades, full capacity at B-20 only, LWL, global
power failure) with -10% wave speed
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Figure 26: Scenario 14 — Scenario 9A (proposed upgrades, full capacity at B-20 only, LWL, global
power failure) with 50% pump inertia
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Figure 27: Scenario 15 — Scenario 9A (proposed upgrades, full capacity at B-20 only, LWL, global

power failure) with no vapor cavities
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Figure 28: Scenario 16A — Proposed upgrades, all pumps off, HWL, single pump start at B-19
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Figure 29: Scenatio 16B — Proposed upgrades, all pumps off, HWL, single pump start at B-20

!,!! l.ln-‘&'nl' o



Hydraulic Transient (Surge) Analysis 15 December 2017
South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)

350 !
Forcemain Centreline Elevation Scenario 16C

-—~—~HGL - Final
300 | ——HGL - Max/Min Envelope

—— Max. Vapour Volume

250 _

=
E.B

. w
g™ g
G

g 150 E
2 £
2 -]
: £
641 100 ==
5

50 =

B m-——-"’

-50 0
00+000 10-+000 20+000 304000 40-+000 50-+000 604000 T0+H000
Distance from Lift Station B-19 (ft)

Figure 30: Scenario 16C — Proposed upgrades, all pumps off, HWL, single pump start at B-1
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Figure 31: Scenario 17A — Proposed upgrades, one B-19 pump on, HWL, single pump stop at B-19
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Figure 32: Scenario 17B — Proposed upgrades, one B-20 pump on, HWI,, single pump stop at B-20
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Figure 33: Scenatio 17C — Proposed upgrades, one B-1 pump on, HWL, single pump stop at B-1
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Figute 34: Scenatio 18A — Scenario 7A (proposed upgrades, full capacity, LWL, global power failure)
with 2-inch standard CAVs at select locations
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Figure 36: Scenario 19A — Scenatio 7A (proposed upgrades, full capacity, LWL, global power failure)
with 2-inch three-stage CAVs at select locations
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Figure 37: Scenario 19B — Scenario 9A (Proposed upgrades, full capacity at B-20 only, LWL, global
power failure) with 2-inch three-stage CAVs at select locations
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Figure 38: Scenatio 20A — Scenatio 7A (proposed upgrades, full capacity, LWL, global power failure)

with a 4,000 gal HAC at Lift Station B-19
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Figute 39: Scenatio 20A — HAC gas volume and pressure for 4,000 gal HAC at Lift Station B-19
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Figure 40: Scenatio 20B — Scenario 7A (proposed upgrades, full capacity, LWL, global power failure)
with 2 10,000 gal HAC at Lift Station B-20
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Figute 41: Scenatio 20B — HAC gas volume and pressure for 10,000 gal HAC at Lift Station B-20
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Figure 42: Scenario 20C — Scenatrio 7A (proposed upgrades, full capacity, LWI,, global power failure)
with a 4,000 gal HAC at Lift Station B-1
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Figure 43: Scenario 20C — HAC gas volume and pressure for 4,000 gal HAC at Lift Station B-1
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Figure 44: Scenatio 20D — Scenatio 7A (proposed upgtades, full capacity, LWL, global power failure)
with a 3,000 gal HAC at Lift Station B-19 and a 6,000 gal HAC at Lift Station B-20

3,500 120
ma Scenario 20D - Lift Station B-19 HAC
95% maximum

3,000 air volumme 100
. 2,500 80
=
0
o 0 B
€ 2,000 60 &
> @
= 2
w-
& 1,500 40
3 =%
!
T 1,000 20

500 i)
— Lift Station B-19 HAC Gas Volutme
— Lift Station B-19 Pressure
0 20
0 100 200 300 400 500 600 700 800 900 1000
Time (s)

Figure 45: Scenario 20D —~ HAC gas volume and pressure for 3,000 gal HAC at Lift Station B-19 (with
a 6,000 gal HAC at Lift Station B-20)

Elwrglr 2T als - .



Hydraulic Transient (Surge) Analysis

i5 December 2017

South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)
7,000 : . ——— 10
\ Scenario 20D - Lift Station B-20 HAC
94% maximum - ———
6,000 e —— Lift Station B,-ZO HAC Gas Volume 100
—— Lift Station B-20 Pressore
= 5,000 80
3
g a
& 4,000 60 &
s @
s :
w
& 3,000 40 g
O B
é 2,000 20
e
1,000 D
0 -20
100 200 300 400 500 00 700 80¢ 900 1000
Time (s)

Figure 46: Scenario 20D — HAC gas volume and pressute for 6,000 gal HAC at Lift Station B-20 (with
a 3,000 gal HAC at Lift Station B-19)
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Figure 47: Transient pressure monitoring data from 12:15 AM to 1:45 AM on 30 September 2017
showing high pressure fluctuations at Lift Station B-19 following pump stop operations
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Figure 48: Transient pressure monitoring data from 12:14 AM to 12:28 AM on 30 September 2017
showing high pressure fluctuations at Lift Station B-19 following pump stop operations
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Figute 49: Transient pressure monitoring data from 2:30 PM to 4:30 PM on 30 September 2017
showing high pressure fluctuations at Lift Station B-19 following pump stop operations

10
i ———
AM=30x

? "]

50 WMAAMAWAMAA

10
T 60
& LpibdaA o
§ so
8
& w0

»

20

High pressure
16 fluctuations at Lift
- - Station B-19 following
0 === Lift Station B9 Discharge Pressace aystem pump stops
—— Lift Starion B0t Discharge Pressure e
-0
15:32 15:34 15:36 15:36 1540 15:42 154 15:46
Time

Figure 50: Transient pressure monitoting data from 3:32 PM to 3:46 PM on 30 September 2017
showing high pressure fluctuations at Lift Station B-19 following pump stop operations
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Figure 51: Transient pressure monitoring data from 4:20 AM to 7:00 AM on 05 October 2017 showing
high pressure fluctuations at Lift Station B-19 following pump stop operations
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Figure 52: Transient pressure monitoring data from 5:54 AM to 6:10 AM on 05 October 2017 showing
high pressure fluctuations at Lift Station B-19 following pump stop operations




Hydraulic Transient (Surge) Analysis 15 December 2017
South Beaches Lift Stations and Forcemains, Brevard County Version 2 (Draft)

10

~—— Lify Stazlon B-19 Discharge Passure
——— Lift Station B.1 Discharge Prescure

Check valve alam at Lift
Station B-1 following Lift
Station B-1 pump stops

120

-.--ﬂ----.--i
[ e————

T T T .

~20
18:%0 1848 19:00 1918 030 19:48 20400 20418 2:M
Tire
Figure 53: Transient pressure monitoring data from 6:30 PM to 8:30 PM on 05 October 2017 showing
normal pump on-off operations and check valve slam at Lift Station B-1
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Figure 54: Transient pressure monitoting data from 7:42 PM to 7:56 PM on 05 October 2017 showing
normal pump on-off operations and check valve slam at Lift Station B-1
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Figure 55: Transient pressure monitoring data at 7:45 PM on 05 October 2017 showing check valve
slam at Lift Station B-1
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Figure 56: Transient pressure monitoring data from 8:00 PM to 9:00 PM on 08 October 2017 showing
peak pressure recorded at Lift Station B-19
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Figute 57: Transient pressure monitoring data from 8:32 PM to 8:36 PM on 08 October 2017 showing
peak pressure recorded at Lift Station B-19
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Figure 1: September 26, 2017 — October 25, 2017
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Figure 3: Highest Recorded Data Point (Zoom Level A)
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Figure 5: Lowest Recorded Data Point (One instance)

BLACOH"

e o 4 WINE
% L3 Av( Al
: = 1] o 4w
s -
] T -
! : - s | el § anz
S -rec -
w el AJ
s
i L meow - - W
: o SRS —
. e s | aewws
T o _.. Er
] wem 54 1 mwrne
4 ; g Y9
¥ g .
Y ,_ - peeo .\.. 'u
- WY Ta Lo o4
o l' B
+ WhBY ' = owT

;
g ~eaz e
-
m T m T
T - i LR Shagrer=4
Bias > : e i 3 pomm
: _m 1 e I A
(A - 4 wxme L o usn
——— - _.!..M ) .i.rlﬁ
1 m { wxoud = A
..A. + + ..-.N.”h # 0 e > llh-m.h
g e o g - - e zzd
.” e gl . -hh“rt.h K ’.m o o - ’1“}""
: - :
. - - -
£ _m < . T §-” _m .J.... ‘ﬁ 3
- Al + mEe¥ \A.I L. e - 4~
" .1]3“ m f A. + T
- LTy 9 A. T
= ores £ oy
B L : f R
3 i— = Shit—
by
T E ¥
T g | ; G-
4 s § i =z |
o oA g 1 ¢ - |
] |
[ ozt ‘B ¢ ~= |
: | muar T i s Lo |
<} m . _‘ _
-Eey 1 - -
i + Al 9 | Iy R |
F R k> - o _ 4 TN
£ - K,
i [ g 3 “ .
3 sl 2 1 > -
1
r - | = T+ |
B e e SN
< P_ Fi0s PP oF o3 oiovo:oioaowdozorozod
= &
a hrd —— S ey T e |




HDR - B19
November 8, 2017

SURGE CONTROL

Figure 7: Lowest Recorded Data Point (Zoom Level B}
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Figure 9: September 27, 2017
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Figure 11: September 29, 2017
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Figure 13: October 1, 2017
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Figure 15: October 3, 2017
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Figure 17: October 5, 2017
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Figure 19: October 7, 2017
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Figure 22: October 10, 2017
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Figure 23: October 11, 2017
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Figure 25: October 13, 2017
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Figure 30: October 18, 2017
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Figure 32: October 20, 2017
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Figure 33: October 21, 2017

Figure 34: October 22, 2017
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Figure 35: October 23, 2017
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nres/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require



alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Custom Soil Resource Report

Map Unit Legend

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

9 Canaveral-Anclote complex, 2.3 0.8%
gently undulating

125 Canaveral-Palm Beach-Urban 271 9.4%
land complex

36 Myakka sand, 0 to 2 percent 1.6 0.6%:
slopes

49 Pomello sand 18.2 6.3%

51 Pompano sand, 0 to 2 percent 9.0 3.1%
slopes

66 Bessie muck, tidal 0.7 0.3%

69 Urban land 194 6.8%

72 ' Welaka sand 206.5 71.9%

100 Waters of the Atiantic Ocean 24 0.8%

Totals for Area of Interest 287.3 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural pnenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscelianeous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
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descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in @ map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic ciasses but rather to separate the iandscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soll
properties and qualities.

Soils that have profiles that are almost alike make up a sofl series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,

salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soif phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, O to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, O to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Brevard County, Florida

9—Canaveral-Anclote complex, gently undulating

Map Unit Setting
National map unit symbol: 1ig2n
Elevation: 10 to 60 feet
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Canaveral and similar soils: 60 percent
Anclote and similar soils: 30 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Canaveral

Setting
Landform: Ridges on marine terraces, dunes on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A -0to 6 inches: sand
C-6to 12 inches: sand
C - 12 to 80 inches: coarse sand

Properties and qualities

Slope: 0 to 5 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Somewhat poorly drained

Runoff class: Low

Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to
50.02 in/hr)

Depth to water table: About 12 to 36 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 15 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmbhos/cm)

Sodium adsorption ratio, maximum in profile: 6.0

Available water storage in profile: Very low (about 1.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A/D
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: No

AN
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Description of Anclote

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0to 19 inches: sand
Cg - 19to 72 inches: sand

Properties and qualities

Slope: 0to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Very poorly drained

Runoff class: Very high

Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95
to 19.98 in/hr)

Depth to water table: About 0 to 6 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmbhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: AID
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands
(G156BC141FL)
Hydric soil rating: Yes

Minor Components

Pomello
Percent of map unit: 5 percent
Landform: Rises on marine terraces, flats on marine terraces
Landform paosition (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soils on
rises and knolls of mesic upiands (G156BC131FL)
Hydric soil rating: No

Paim beach
Percent of map unit: 5 percent
Landform: Dunes on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on ridges and dunes of xeric uplands
(G156BC111FL)
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Hydric soil rating: No

25—Canaveral-Palm Beach-Urban land complex

Map Unit Setting
National map unit symbol: 11g35
Elevation: 10 to 20 feet
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Canaveral and similar soils: 31 percent
Palm beach and similar soils: 30 percent
Urban land: 29 percent
Minor components: 10 percent
Estimates are based on observalions, descriptions, and transects of the mapunit.

Description of Canaveral

Setting
Landform: Flats on marine terraces, ridges on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A -0to 6 inches: sand
C-61to 12 inches: sand
C- 12 to 80 inches: coarse sand

Properties and qualities

Slope: 0 to 2 percent

Depth to restrictive feature: Mare than 80 inches

Natural drainage class: Somewhat poorly drained

Runoff class: Low

Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to
50.02 in/hr)

Depth to water table: About 12 to 36 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 15 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmbhos/cm)

Sodium adsorption ratio, maximum in profile: 6.0

Available water storage in profile: Very low (about 1.4 inches)
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Interpretive groups
Land capability classification (irrigated):. None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A/D
Other vegelative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: No

Description of Palm Beach

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Shells and sandy marine deposits

Typical profile
A - 0 to 3 inches: sand
C - 3 to 80 inches: sand

Properties and qualities

Slope: Q to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Excessively drained

Runoff class: Negligible

Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to
50.02 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 30 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmbhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Very low (about 1.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: A
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: No

Description of Urban Land

Setting
Landform: Marine terraces
Landform position (three-dimensional). Interfluve, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: No parent material

Interpretive groups
Land capability classification (irrigated): None specified
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Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: Unranked

Minor Components

Paola
Percent of map unit: 4 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Forage
suitability group not assigned (G156BC999FL)
Hydric soil rating: No

Pomello
Percent of map unit: 3 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification. Sand Pine Scrub (R155XYQ01FL), Forage
suitability group not assigned (G156BC999FL)
Hydric soil rating: No

Welaka
Percent of map unit: 3 percent
Landform: Rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Forage
suitability group not assigned (G156BC999FL)
Hydric soil rating: No

36—Myakka sand, 0 to 2 percent slopes

Map Unit Setting
National map unif symbol: 2twt9
Elevation: 10 to 130 feet
Mean annual precipitation: 43 to 62 inches
Mean annual air temperature: 64 to 77 degrees F
Frost-free period: 280 to 365 days
Farmland classification: Farmland of unique importance

Map Unit Composition
Myakka and similar soils: 85 percent
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Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Myakka

Setting
Landform: Flatwoods on marine terraces
Landform position (three-dimensional). Tread, talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A-0to 6inches: sand
E - 6 to 20 inches: sand
Bh - 20 to 36 inches: sand
C - 36 to 80 inches: sand

Properties and qualities

Slope: 01to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Poorly drained

Runoff class: High

Capacity of the most limiting layer to transmit water (Ksat). Moderately high to
high (0.57 to 5.95 in/hr)

Depth to water table: About 6 to 18 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Low (about 5.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: No

Minor Components

Basinger
Percent of map unit: 5 percent
Landform: Drainageways on marine terraces
Landform paosition (three-dimensional): Dip
Down-slope shape: Convex, linear
Across-siope shape: Linear, concave
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands
(G155XB141FL)
Hydric soil rating: Yes

Oldsmar
Percent of map unit: 5 percent
Landform: Fiaiwoods on marine terraces
Landform position (three-dimensional): Talf
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Down-slope shape: Convex

Across-slope shape: Linear

Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G155XB141FL)

Hydric soil rating: No

Valkaria

Percent of map unit: 5 percent

Landform: Drainageways on marine terraces

Landform position (three-dimensional): Dip

Down-slope shape: Convex, linear

Across-slope shape: Linear, concave

Other vegetative classification: Slough (R155XY011FL), Sandy soils on flats of
mesic or hydric lowlands (G155XB141FL)

Hydric soil rating: Yes

49—Pomello sand

Map Unit Setting
National map unit symbol: 1lg3y
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Pomello and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pomello

Setting
Landform: Rises on marine terraces, flats on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A -0to 3inches: sand
E - 3 to 50 inches: sand
Bh - 50 to 62 inches: sand
Cg - 62 to 80 inches: sand

Properties and qualities
Slope: 0to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Runoff class: Negligible

16
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Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95
in/hr)

Depth to water table: About 24 to 42 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profife. Low (about 3.4 inches)

Interpretive groups
Land capability classification (irrigated). None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soils on
rises and knolls of mesic uplands (G156BC131FL)
Hydric soil rating: No

Minor Components

Myakka
Percent of map unit: 5 percent
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G156BC141FL)
Hydric soil rating: No

Immokalee
Percent of map unit: 5 percent
Landform: Flats on marine terraces
Landform pasition (three-dimensional): Talf
Down-slope shape: Convex
Across-siope shape: Linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G156BC141FL)
Hydric soil rating: No

51—Pompano sand, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2tzw4
Elevation: 0 to 40 feet
Mean annual precipitation: 44 io 58 inches
Mean annual air temperature: 68 to 77 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmlan
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Map Unit Composition
Pompano and similar soils: 82 percent
Minor components: 18 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pompano

Setting
Landform: Drainageways on flatwoods on marine terraces
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear
Across-slope shape: Linear, concave
Parent material: Sandy marine deposits

Typical profile
A -0to 6 inches: sand
C -6 to 80 inches: sand

Properties and qualities

Slope: 0 to 2 percent

Depth to restriclive feature: More than 80 inches

Natural drainage class: Poorly drained

Runoff class: Very high

Capacity of the most limiting layer to transmit water (Ksat): High to very high (6.00
to 20.00 in/hr)

Depth to water table: About 0 to 12 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmbhaos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Very low (about 2.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Other vegetative classification: Slough (R155XY011FL), Sandy sails on flats of
mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: Yes

Minor Components

Myakka
Percent of map unit: 8 percent
Landform: Drainageways on flatwoods on marine terraces
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear
Across-slope shape: Concave, linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: No

Holopaw
Percent of map unit: 4 percent
Landform: — error in exists on —
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Landform position (three-dimensional): Tread, dip, talf

Down-slope shape: Convex, concave, linear

Across-slope shape: Linear, concave

Other vegetative ciassification: Slough (R155XY011FL), Sandy soils on flats of
mesic or hydric lowlands (G155XB141FL)

Hydric soil rating: No

Hallandale
Percent of map unit: 4 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Tread, talf
Dowri-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy
soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: Yes

Samsula
Percent of map unit. 2 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL),
Organic soils in depressions and on flood plains (G155XB645FL)
Hydric soil rating: Yes

66—Bessie muck, tidal

Map Unit Setting
National map unit symbol: 1lg4g
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification. Not prime farmland

Map Unit Composition
Bessie, tidal, and similar soils: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Bessie, Tidal

Setting
Landform: Tidal marshes on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Organic material over clayey and sandy marine deposits

Typical profile
Oa - 0 to 18 inches: muck
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2Cqg - 18 1o 44 inches: sandy clay
3Cg - 44 to 80 inches: loamy fine sand

Properties and qualities
Slope: 0to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: Very frequent
Frequency of ponding: Frequent
Calcium carbonate, maximum in profile: 20 percent
Salinity, maximum in profile: Strongly saline (16.0 to 32.0 mmhos/cm)
Sodium adsorption ratio, maximum in profile: 60.0
Available water storage in profile: High (about 11.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydrologic Soil Group: C/D
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: Yes

69—Urban land

Map Unit Composition
Urban land: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Urban Land

Setting
Landform: Marine terraces
Landform position (three-dimensional): Interfluve, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: No parent material

Interpretive groups
Land capability classification (irrigated): None specified
Other vegetative classification: Farage suitability group not assigned
(G156BC999FL)
Hydric soil rating: Unranked
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72—Welaka sand

Map Unit Setting
National map unit symbol: 1lg4n
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmiand classification: Not prime farmiand

Map Unit Composition
Welaka and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Welaka

Setting
Landform: Rises on marine terraces
Landform position (three-dimensional): interfluve
Down-siope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A -0to 3inches: sand
E - 3to 18 inches: sand
Bw - 18 to 55 inches: sand
2C - 55 to 80 inches: gravelly fine sand

Properties and qualities

Slope: 0 to 2 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Well drained

Runoff class: Negligible

Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to
50.02 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 5 percent

Salinity, maximum in profile: Nansaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0

Available water storage in profile: Very low (about 2.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A
Other vegetative classification: Sand Pine Scrub (R1565XY001FL), Sandy soils on
ridges and dunes of xeri¢ uplands (G156BC111FL)
Hydric soil rating: No
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Minor Components

Pomello
Percent of map unit: 5 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform paosition (three-dimensional): interfluve
Down-slope shape: Convex
Across-siope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soils on
rises and knolls of mesic uplands (G156BC131FL)
Hydric soil rating: No

Paola
Percent of map unit: 5 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soils on
ridges and dunes of xeric uplands (G156BC111FL)
Hydric soil rating: No

100—Waters of the Atlantic Ocean

Map Unit Composition
Waters of the atlantic ocean: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Waters Of The Atlantic Ocean

Interpretive groups
Land capability classification (irrigated): None specified
Other vegetative classification: Forage suitability group not assigned
(G156BC999FL)
Hydric soil rating: Unranked
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Table 2: System Analysis (High Head Scenarios)

Scenario 20"
Pump Station B01 Pump Station B19 Pump Station B20 Pump Station BO6 | Pump Station BO7 Interconnect
No. No.

Flow TDH Flow TDH Pumps Flow TDH Pumps Flow TDH Flow TDH

(gpm) (ft) {(gpm) (ft) On {gpm) (ft) On {gpm) {ft) (gpm) (ft) Flow (gpm)
Exist. 24" PVC, No Interconnect (1) 800 191 1915 241 2 3029 224 2 1940 79 1375 66 NA
Exist. 24" PVC, No Interconnect (2) 1000 195 1873 243 2 2945 226 2 1940 79 1375 66 NA
Exist. 24" PVC, No Interconnect (3) 300 218 2000 276 VFD 3500 259 VFD 1940 79 1375 66 NA
Exist. 24" PVC, No Interconnect (4) 1000 228 2000 286 VFD 3500 269 VFD 1940 79 1375 66 NA
30" Upsize, No Interconnect {1) 300 186 2190 238 2 3377 215 2 1940 79 1375 66 NA
30" Upsize, No Interconnect {2) 1000 189 2102 238 2 3354 218 2 1940 79 1375 66 NA
30" Upsize, 20" Interconnect N River Side Dr (1) 800 138 2309 193 1 3212 167 1 1940 119 1375 83 1480
30" Upsize, 20" Interconnect N River Side Dr (2) 1000 141 2328 194 1 3093 168 1 1940 120 1375 83 1526
30" Upsize, 20" Interconnect Second Ave (1) 800 143 2290 196 1 3078 170 1 1940 112 1375 81 1317
30" Upsize, 20" Interconnect Second Ave (2) 1000 145 2269 196 1 2981 171 1 1940 113 1375 81 1353

Notes, relevant notes apply to Low Head Condition Table as well:

1. The scenarios above noted as "Exist. 24" PVC" include the existing 24-inch PVC force main within the B01/B19/B20 system.

2. The Non-Interconnected system is based on con n where there is no connection between B01, B19 and B20 force main system and the BO6 and BO7

force main system.

3. In scenarios presented above noted as "30" Upsize", the existing 24-inch PVC force main of the B19, B20 and BO1 force main system has been replaced with the 30-inch ductile iron force main,

4. Two interconnect systems were analyzed. One scenario includes a 1,200 feet long, 20-inch force main which connects the B01/B19/820 system's new 30-inch force main on N River Dr at Oakland
Ave to the existing 20-inch force main at the BO6 pump station at 2nd Ave and N River Dr. The second interconnect system analyzed includes a 680 feet long, 20-inch force main which connects the
B0O1/B19/B20 system's existing 24-inch force main on N Shannon Ave to the existing 20-inch force main downstream of BO6 at 2nd Ave and N Shannon Ave.

5. Model was set up such that BO6 pump station contributes 1,940 gpm regardless of head condition. Likewise, BO7 pump station was set to contribute 1,375 gpm regardless of head condition, There
were no asbuilts for the BO6 and BO7 pump stations, modeling the stations operating at design flow provides for conservative head conditions. B19 and 820 pump stations were allowed to operate on
their curves; both the asbuilts and pump curves were acquired and incorporated into the model.

6. When the systems are interconnected and the other large stations (B01/B19/B20) are operating, head conditions at BO6 and BO7 pump stations are such that they would not pump their set
operational conditions of 1,940 gpm and 1,375 gpm, respectively. This can be verified by comparing the head condition noted in the table above for BO6 and BO7 and comparing them to their pump
curves.

7. Static head for BO1 is calculated to the low water Jevel (as noted in the asbuilt) which is 4.5 ft above the bottom elevation -15.46. Static head for B19 is calculated to the low water level (as noted in
the asbuilt) which is 4.0 ft above the bottom elevation -15.20. Static head for B20 is calculated to the low water level (as noted in the asbuilt) which is 4.4 ft above the bottom elevation -14.60.

8. The total dynamic head (TDH) noted above for B06 and BO7 are the low water levels which, for both, was approximated as that of BO1 (4.5 feet above the bottom elevation of -15.46) since asbuilt
information was not available for these stations.

9. The flow {gpm) value noted in the "20" Interconnect” column in the above table, if positive, notes flow from the B01/B19/B20 force main system into the B06/B07 force main system. if the flow
value is negative, the flow is in the opposite direction.

10. Highest head condition check where stations B19 and B20 are set to pump their desired operating flow of 2,000 gpm and 3,500 gpm, respectively, would not occur under existing conditions due to
the limited pump/head capacity of the existing pumps at B19 and B20 which have a shut off head of 275 ft. The scenario values are only shown for comparison purposes.




Table 3: System Analysis (Low Head Scenarios)

Scenario Pump Station BO1 Pump Station B19 20" Interconnect
Flow (epm) | TDH (ft) Flow {gpm) TDH (ft) Flow (gpm)

Exist. 24" PVC, No Interconnect 800 87 2000 115 NA

30" Upsize, No Interconnect 800 79 2000 105 NA

30" Upsize, 20" Interconnect N River Side Dr 800 62 2000 88 1232

Notes:

1. Low Head Scenarios, only stations contributing flow to the force main system is BO1 and B19.
2. B19 was restricted to 2,000 gpm of contributing flow in the above low head scenarios, imitating VFD setting.

3. See also relevant notes for Table 2.
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Table 2: System Analysis (High Head Scenarios)

Scenario 20"
Pump Station BO1 Pump Station B19 Pump Station B20 Pump Station B06 | Pump Station BO7 Interconnect
No. No.

Flow TDH Flow TDH Pumps Flow TDH Pumps Flow TDH | Flow TDH

(gpm) (ft) (gpm) (ft) On {gpm) (ft) On (gpm) (ft) (gpm) (ft) Flow (gpm}
Exist. 24" PVC, No Interconnect (1) 800 191 1915 241 2 3029 224 2 1940 79 1375 66 NA
Exist. 24" PVC, No Interconnect (2) 1000 195 1873 243 2 2945 226 2 1940 79 1375 66 NA
Exist. 24" PVC, No Interconnect (3) 800 218 2000 276 VFD 3500 259 VFD 1940 79 1375 66 NA
Exist. 24" PVC, No Interconnect {4) 1000 228 2000 286 VFD 3500 269 VFD 1940 79 1375 66 NA
30" Upsize, No Interconnect (1) 800 186 2190 238 2 3377 215 2 1940 79 1375 66 NA
30" Upsize, No Interconnect (2) 1000 189 2102 238 2 3354 218 2 1940 79 1375 66 NA
30" Upsize, 20" Interconnect N River Side Dr (1) 800 138 2309 193 1 3212 167 1 1940 119 1375 83 1480
30" Upsize, 20" Interconnect N River Side Dr (2) 1000 141 2328 194 1 3093 168 1 1940 120 1375 83 1526
30" Upsize, 20" Interconnect Second Ave (1) 800 143 2290 196 1 3078 170 1 1940 112 1375 81 1317
30" Upsize, 20" Interconnect Second Ave (2) 1000 145 2269 196 1 2981 171 1 1940 113 1375 81 1353

Notes, relevant notes apply to Low Head Condition Table as well:
1. The scenarios abave noted as "Exist. 24" PVC" include the existing 24-inch PVC force main within the B01/B19/B20 system.

2. The Non-Interconnected system is based on condition where there is no connection between B01, B19 and B20 force main system and the BO6 and BO7

force main system.

3. In scenarios presented above noted as "30" Upsize", the existing 24-inch PVC force main of the B19, B20 and BO1 force main system has been replaced with the 30-inch ductile iron force main.

4. Two interconnect systems were analyzed. One scenario includes a 1,200 feet long, 20-inch force main which connects the B01/B19/B20 system's new 30-inch force main on N River Dr at Oakland
Ave to the existing 20-inch force main at the BO6 pump station at 2nd Ave and N River Dr. The second interconnect system analyzed includes a 680 feet long, 20-inch force main which connects the
B01/B19/B20 system's existing 24-inch force main on N Shannon Ave to the existing 20-inch force main downstream of B0O6 at 2nd Ave and N Shannon Ave.

5. Model was set up such that BO6 pump station contributes 1,940 gpm regardless of head condition. Likewise, BO7 pump station was set to contribute 1,375 gpm regardless of head condition. There
were no asbuilts for the BO6 and BO7 pump stations, modeling the stations operating at design flow provides for conservative head conditions. B19 and B20 pump stations were allowed to operate on
their curves; both the asbuilts and pump curves were acquired and incorporated into the model.

6. When the systems are interconnected and the other large stations (B01/B19/B20) are operating, head can ns at BO6 and BO7 pump stations are such that they would not pump their set
operational conditions of 1,940 gpm and 1,375 gpm, respectively. This can be verified by comparing the head condition noted in the table above for BO6 and B07 and comparing them to their pump
curves.

7. Static head for BO1 is calculated to the low water level (as noted in the asbuilt) which is 4.5 ft above the bottom elevation -15.46. Static head for B19 is calculated to the low water level (as noted in
the asbuilt) which is 4.0 ft above the bottom elevation -15.20. Static head for B20 is calculated to the low water level (as noted in the asbuilt) which is 4.4 ft above the bottom elevation -14.60.

8. The total dynamic head (TDH) noted above for BO6 and BO7 are the low water levels which, for both, was approximated as that of B01 (4.5 feet above the bottom elevation of -15.46) since asbuilt
information was not available for these stations.

9. The flow (gpm) value noted in the "20" Interconnect” column in the above table, if positive, notes flow from the B01/B19/820 force main system into the BO6/B07 force main system. If the flow
value is negative, the flow is in the opposite direction.

10. Highest head condition check where stations B19 and B20 are set to pump their desired operating flow of 2,000 gpm and 3,500 gpm, respectively, would not occur under existing conditions due to
the limited pump/head capacity of the existing pumps at B19 and B20 which have a shut off head of 275 ft. The scenario values are only shown for comparison purposes.




Table 3: System Analysis {Low Head Scenarios)

Scenario Pump Station BO1 Pump Station B19 20" Interconnect
Flow (gpm) | TDH (ft) Flow (gpm) TDH (ft) Flow (gpm)

Exist. 24" PVC, No Interconnect 800 87 2000 115 NA

30" Upsize, No Interconnect 800 79 2000 105 NA

30" Upsize, 20" Interconnect N River Side Dr 800 62 2000 88 1232

Notes:

1. Low Head Scenarios, only stations contributing flow to the force main system is B01 and B19.

2. B19 was restricted to 2,000 gpm of contributing flow in the above low head scenarios, imitating VFD setting.

3. See also relevant notes for Table 2.
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