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September 30, 1983

Mayor Frank Veltri

City Council Members

City of Plantatiocn

400 Northwest 73rd Avenue
Plantation, FL 33317

City of Plantation and
Gul fstream Utilities Company
Regional Wastewater Treatment Plant

Dear Mayor and City Council Members:

We are pleased to present this design report for the proposed regional
wastewater treatment plant to serve the City of Plantation and the
Gulfstream Utilities Company. Fifteen <copies are submitted for distri-
bution to interested parties.

The design report recommends the construction of a 10 miilion gallons per
day (MGD) facility in 1986, to serve the City and Gulfstream, followed by
a 5 MGD plant expansion in 1991, However, the possibility of other
implementation options, which are listed below, should be investigated:

o If the Gulfstream and South Plants were granted a variance to
continue operation through a ‘later year, a 5 MGD plant could be
constructed initialiy. A 10 MGD plant expansion would be required
when those plants join the regional system.

o Similarly, if Gulfstream were granted a variance and the existing
1.5 MGD interim agreement with Broward County could be maintained,
then a 5 MGD plant could be constructed initially.

o If a 10 MGD facility were constructed initially, then the options
described above could be employed to postpone the 5 MGD plant
expansion.

These bossible alternatives should be given further consideration before
the preliminary design phase is begun.
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This report was prepared under the general direction of Charles H. Bolton,
and Donald G. Munksgaard served as the project manager. Project engineers
were Julie Childers, Dan Anderson, and Dan Hutton. Gary Witt was the
project hydrogeologist. The firm of Geraghty and Milier, Inc. provided
special technical consultation concerning deep well disposal.

We appreciate the contribution to this work made by Mr. Mel Entus and his
staff, as well as Mr. John Ring of the Gulfstream Utilities Company. We
look forward to a continuation of this cooperative effort in the future.

Very truly yours,

CAM SSER & McKEE INQ. %

Charles H. Bolton, P.E.
Senior Vice President
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Donald G. Munksgaard, P.E.
Project Manager

CHB,DGM/ jv
File: 6009-42-RT



Table
of Contents

Table of Contents




SECTION 1

SECTION 2

SECTION 3

SECTION 4

TABLE OF CONTENTS

EXECUTIVE SUMMARY ....... LU B B B B BN L BN BN BN B B NN BN B N R R B R R N RN R A - e
1.1 Introduction..ll'.l.l ........ ® S 3080 ENEDEPr e
1.2 Wastewater Service Area and Flow Projections.....

1.3  Existing FacilitieS.eiecevoocenes tessressessraaeas
1.4 Recommended FAaCilitieS.eeseesvesvetecnannans cesen
1.5 Cost Estimate and Financing....ece... ceersscranas
1.6 Implementation.iceciececeens. teeresereseresesanus
INTRODUCTION. cevevenavevsvosssnsanss sesservessssssorens
2.1 Background...eicesesscccsncssccccrcscns seseseanss

202 Purpose and Scopeul.l.lo‘l.l.l.l.l.n...ata..---ol

2.3 AUthorization.ssseieeessesevesessccccosacnes cenane
WASTEWATER FLOW AND LOAD PROJECTIONS...eeeveecasns cesenn
3.1 Introduction...... T .
3.2 Service Are@..eieeseescsccnces seseserscsscusnsonas
3.3  Population ProjectionS.eseececsscescesscanscen oo
3.4 Historical Wastewater Flow Datad..ceeeecacccnencas
3.5  Infiltration/InfloWw.eeeeecscesenreososonoscssonce
3.6 Per Capita Wastewater Flow........ seersrsrrassss

3.7 Wastewater Flow Projections..eeese... eesserensnne
3.8 Treatment Plant Staging.cececeiecernanens sevesnnee
3.9 Historical Wastewater Load Data.eseeseoseoesoonss
3.10 Plant Design Criteriaseeececes. tsosenessasacnnsas
EVALUATION OF EXISTING FACILITIES . eeesevenccosvensonnss
4.1 Introduction....... Peresesssttabennnaan terreonann

4-2 FaCi]ity Descr‘iption--lvl.l.loloI...l..ot.l.ll!.o_

4.3 On-S'ite InVEStigationSooo.o.lonon.-ol ooooooooooo .
4-4 EQUipment USF_‘fU] Life-o-o--ooooooioo --------- L Y
4.5 CapaC'ity Ana]yS'iS......... ------- L N R N N N RN R

4.6 Sumary-....-llI...cnclcl.lo....o.l. ........ *e s

Page

1-1
1-1
1-1
1-2
1-3
1-7
1-7

2-1
2-1

2-4

3-1

3-2
3-2
3-6

3-9

3-10
3-12
3-13
3-18

4-1
4-1
4-1
4-7
4-14
4-16
4-20



SECTION 5

SECTION 6

SECTION 7

SECTION 8

TABLE OF CONTENTS
(Continued)

WASTEWATER TRANSMISSION FACILITIES...cuvevenncnsnnconns
5.1 Introduction.ceeeeceasccnas cerererssscerasetreras
5.2 Description of Existing Transmission Network.....
5.3 Capacity of Existing Transmission Network........

5.4 Proposed Transmission FacilitieS...eeeeceene sesae
LIQUID TREATMENT FACILITIES........... cereassrsaseranes
6.1 Introduction.c.ceeeececes. seersrerasrrsressaranes
6.2 Process SelectioN.isessiessessccscsescscssnnass eens
6.3 Bar/Filter ScreensS..iiiecevesessssccsccesccanases
6.4 Grit Collectors.veceeeeans teee it iananterenantane
6.5 Primary ClarifierS.eiececicececesscccsscnscanannaes
6.6 Aeration Tank and Aeration Equipment....eveieveen.
6.7 Secondary ClarifierS.ececescececcss meneseses vesas
6.8 Disinfection.sceesavavdasesesnsrssssessesssscansnes
6.9 Effluent Pumping Equipment....ceeeeecetsncsacecns
SOLIDS TREATMENT FACILITIES..eveeectescocncssncncnnanss
7.1 Introductione.siseesvesesessssesvectanccasconnnes
7.2  Sludge Design Criterid.ceeececsccacacsncas srenens
7.3  Alternative AnalySiS.eeeeeeocenes cssrearrveresaas
7.4 Centrifuge ThicKening.eeeeeseeseooneseessocononns
7.5  Anaerobic Digestion.sseeceeescosesrocveracessasas
7.6  Belt Filter Press Dewateringueeceeeeecesceceens ves
DEEP WELL INJECTION........... seesrsensresesatenracnnnns
8.1 Introduction.sieesvsevececeennns teersrersersersone
8.2 Geo1ogy..................;.......a........ ..... ‘e
8.3 Injection Well SyStemMeiiceeeeceeecoesseercansnnss
8.4 Regulatory ProcedureS.c.ceeseeeceseecenconseenens

ii

Page

5-1
5-1
5-3
5-6

6-1
6-1
6-2

6-5
6-~9
6-12
6-18
6-22
6-29

7-1
7-3
7-5
7-13
7-16
7-18

8-1
8-1
8-2
8-5
8-13



SECTION 9

SECTION 10

SECTION 11

TABLE OF CONTENTS

(Continued)
8.5 Noise ConstraintS...cveceee.. teensasersstessaceas
8.6 Well OperationNesiecseerescescennas essseransrerneaa
Be7  SUMMArY . eeeessssecoscvnescs sesessessssscssaanae .e
ELECTRICAL AND INSTRUMENTATION SYSTEMS...eeeveceosoases
9.1 Introduction..seeescevesceeneses ceerenenesssaseca
9.2 Existing Electrical SySteMeeeseeeeescoesacans sone
9.3 Proposed Electrical System....... vesseverrsascsae
9.4 Instrumentation.ieeecevenees PN
ADMINISTRATION BUILDING. v ieevesvencees sesessesrsrsseras
10,1 Introduction..eeeseeeccccas tessseressesrsbessncan
10.2 Laboratory FacilitieS.eeeeessssensesicsccasecnncs
10.3 Offices and Control ROOM..eeevneeees A
10,4 Sanitary FacilitieS..eseveeneses ssereseenreaseans
10.5 Lunch/Conference ROOMeseeesencnsen csesersoscsasee
10.6 Motor Control Center and Generator ROOM.ssseeeos.
10.7 Maintenance Building.eeeeeseovecoocesnnnns serenes
PLANT SITE LAYOUT AND MISCELLANEOUS IMPROVEMENTS...... .
11.1 Introduction.eeeeveseceess serersasessravbannanans
11.2 Site Layout.eeeevenenen csenesesccsssrtrrsscanas .
11.3 Plant HydrauliCS.eeeeserecocsccacnas rasnereresens
11.4 Pipingeeeiceeececse tesussecsaccsnsanscnns crrssecsses
11.5 On-Site Gravity Collection SysteM.eeeeeseeeoseses
11.6 On-Site Effluent Reuse SySteM.eeeesceceosccee veas
11.7 Flow Splitter BoOX.iesesesreesennonsoss sersstsununn
11,8 Scum Handling System......... terserresassennacsan
11.9 Access Road and Parking..eveeeecvecesessse vesesen
11,10 Sidewalks and WalkwayS...eeevoeeanas cetasrsesesee

8-14
8-16
8-17

9-1
9-1
9-1

10-1
10-1
10-1
16-7
10-8
10-8
10-8
10-8

11-1
11-1
11-1
11-4
11-4
11-6
11-6
11-7
11-7
11-7
11-9



TABLE OF CONTENTS

(Continued)
Page
11,11 Drainage.eeeeeeeeceaoeoossccaonsesassnnns creecens 11-9
11.12 Landscaping and Irrigation...eeeesee... tesenseane 11-10
11.13 Odor Control...s.e... testesesaessssessnsnnane evese 11-10
SECTION 12 CONSTRUCTION COST ESTIMATE sevuewvenn ressrsertnenn vesess 12-1
12,1 IntroductioNeeeeeeseveseonnnee eveseesesscens sveee 12-1
12.2 Scope of Work for 10 MGD Phase.seeseese. censrenns 12-1
12.3 Scope of Work for 15 MGD Phase..eveeeesssen. cesse 12-3
12,4 Cost Estimate......... tesessesensrrsstasssanae veee 12-4
SECTION 13 FINANCIAL ASPECTSuueeeeesescsevenonenonnsanas sevsesesss 13-1
13.1 Introduction....eeee... sesstesennan tssseteannaa eoe 13-1
13.2 Financing OptionS.eeeeeeverncesssvoccees ceseveses 13-1
13.3 Impact of the Plan on Sewer Rates and Cost to a
Typical Customer...... Sestecenencsanssessacnnos 13-7
13.4 Typical Large User Charges for Gulfstream
Utility Company.eeeeees. sescessescscns recernana 13-15
13.5 Summary....... sesesnene tevsssersenanas tesesesssnns 13-20
SECTION 14 SUMMARY AND RECOMMENDATIONS..eeveeevnvonnnncees vesesess 14-1
14,1 Introduction..eeveceseo.. veseetnnrnan testsenaaa e 14-1
14,2 Implementation SChedule...eveeeeeseeevessennnnnns 14-1
14, 3 SUMMArY s etueeeensesnnannnnscansnnnnsonenns sveras 14-1

14.4 Recomendat‘ions...---.u..-.-.-.-oa.o..--.-.....-. 14_3

APPENDIX A TYPICAL EQUIPMENT CUT SHEETS

APPENDIX B PRELIMINARY DESIGN OF THE PLANTATION DISPOSAL WELL
BY: Geraghty and Miller, August 1983

APPENDIX C FDER POSITION PAPER

iv



Table

6-10
6-11
6-12
7-1
7-2
7-3
7-4
7-5
7-6
8-1

LIST OF TABLES

Disaggregation of tast and Gulfstream Populations......
Historical Wastewater Fiow Data..cescececessesecsscrecne
Present Worth Analysis of Staging AlternativeS.....ee..

Historical Influent BOD and SS LoadS.eescecccesss ceenss
Historical Peak FactorS.cececerscenccccanses seesseessens
Design Criteridcissesasscecesns csesssssasensanssenessnne
Major Equipment - North Plant...eeeeseennsccecsncccsss .o
Major Equipment - South Planf...seeveveveciennncncanes .
Major Equipment - Gulfstream Plant..eeeverersvoccaces .o
Operating Summary - North Plant......cecevvvens ceenerans
Operating Summary - South Plant....cc.ecenccccnene sesnes
Operating Summary - Gulfstream Plant..eescecccencns cene
Process Cost-Effectiveness Analysis..... sesessersrencae
Bar Screen Design Criteriad.eesesssscscass reveesesiacnes
Preliminary Design Criteria of ScreenS..eeesceecacs. cee

Preliminary Design of Grit Collectors.ivieiecscevenesase
Primary Sedimentation Tank Design Criteria....... cevsas
Preliminary Design of Primary ClarifierS..cvecesescscens
Aeration Tank Design Criteriad.cesecescrsnccccess ceseves
Mechanical Aeration Design Criteriad.cciecececeserssssasas
Preliminary Design of Aeration Tank and

Aeration Equipment,...... cessesessscrsrenesssesstssens
Final Sedimentation Design Criteria...ceceeee cesesessne
Preliminary Design of Secondary ClarifierS.csceeceass ‘e
Preliminary Design of Chlorine Contact Tank........ cave
Sludge Grading Criteridce.ieeessessssescsnsncsescscasscecs oo

- Sludge Production.ceiecececssscsserssssssssenccsccsnnsnes
Process Cost-Effectiveness AnalysSiS.ceeeaceascenccanns .

Preliminary Design of Centrifuge Thickening..eceeeeevas
Preliminary Design of Anaerobic Digesters..civececsecess
Pretiminary Design of Belt Filter PresseS.ceecessceesss
Injection Pressures for 10 MGD and 15 MGD PhaseS.......

6-10
6-11
6-14
6-16
6-17

6-20
6-21
6-24
6-27
7-2

7-4

7-12
7-15
7-19
7-22
8-8



Figure

3-1
3-2

3-4
4-1

4-2

4-3

5-1
5-2

5.4
5-5
5-6
6-1

6-3
6-4
6-5

6-7
6-8
6-9
7-1
7-2
8-1
9-1
9-2
9-3

LIST OF FIGURES

Service AreaS..cesececes cecrnenses tessssssasssseceanen .
Population Projections for the East System

and Gulfstreameseecees. tesrasesssesesenesacns cesnouas
Peak Month Design Flow ProjectionS.eesesescsc.. sesneuss
Recommended Staging Program...ccecessacesssccccssccoons
Flow Diagram North Wastewater Plant City of

Plantation.secseeesoosscesssssoncsene ceserssseseannse
Flow Diagram South Wastewater Plant City of

P1antationN.ceeeseessscsscesossccenssssseacnce cransees
Flow Diagram Gulfstream Wastewater Plant (Privately

OWned) eeveerecasrasososcsacse teesnsesessaessanans ceens
Existing Wastewater Transmission FacilitieS..ees.cenn. .e
Proposed Wastewater Transmission Facilities....... csene
Gulfstream Pump Station Layout........ setesessseessanne

Gul fstream Pump Station - Pump Selection......eeeccesnes
South Pump Station Layout..iieeeereenceenronccccnnnnnns
South Pump Station - Pump Selection..issecccacesvoccces
Preliminary Treatment Building.ceseconccccccrerncnccses
Primary Clarifier - Plan and Section......... sevesnsnae
Mechanical Aeration Tankiseeeeese. cescssesnes secsvesans
Secondary Clarifier - Plan and Section..eciesvecececens
Chlorine Contact Tank and Effluent P.S........ cessesnes
Chlorine Buiiding - Plan, Details and SchematiC........

Equalization Tanke.eeesosseeenens ceerassrseses ceasnanes
Transfer Pump SystemM..eseeseccessscsssncscae cecenensone
Effluent Pump SystemM.cecesenccaae tereseasasens ceesenens
Primary and Secondary Digesters..eeevecse.. cresrrrasesns
Sludge Dewatering - Plan and Section........ casserasses
Effluent Disposal Well Designuieeeeesesesces ceceranssane
Generator Installation...eeceesenes cessssnavsesenne cens

Instrumentation Loop Diagram - Mechanical Equipment....
Instrumentation Loop Diagram - Meter System.....evevsss

Page

3-4
3-11
3-15

4-3

4-5

4-6

5-7
5-9
5-10
5-14
5-16
6-8
6-13
6-19
6-23
6-26
6-28
6-31
6-32
6-34
7-20
7-23
8-4
9-4
9-7



Figqure

10-1
11-1
11-2
11-3
14-1

LIST OF FIGURES

(Continued}
Administration Building...... cbesssssassnnen seesnencsaas
Site P‘lan.l lllllll U B B B B RN BN BB RE B R B LB B R B RN B B OBE B BE B BB N L I
Plant Operating Diagrams and ElevationS...ceseeseens cee
F]ow Splitter Box ........ * & 28 0 B S SE SEERERe PN LB BN B B BN AR B B A

Design and Construction Schedule for Transmission
and Treatment FacilitieS.c.eenenss ttesesenscnsanans .

viii

Page

10-2
11-3
11-5
11-8

14-2



SECTION 1
EXECUTIVE SUMMARY

1.1 INTRODUCTION

The City of Piantation and the Gulfstream Utilities Company {Gulfstream) are
in the process of deciding upon a cost-effective method of treating and dis-
posing their existing and future wastewater flows. One of the options
available is to construct a joint regional treatment facility to serve the
City and Gulfstream. The purpose of this report is to examine in detail the
alternative of a joint facility, so that a meaningful comparison with other
available options is possible.

A decision must be reached on this matter soon, due to regulatory agency re-
quirements. The Florida Department of Environmental Regulation (FDER) has
imposed a compliance schedule on the City's North and South Plants to cease
discharge to surface waters by mid-1986. If the City and Gulfstream decide to
construct the joint facility, preliminary design must begin by November 1983
in order to meet the deadline.

1.2 WASTEWATER SERVICE AREA AND FLOW PROJECTIONS

The study area for the proposed facility includes two existing wastewater ser-
vice areas located within the City of Plantation: the East System and the
Gulfstream System. Population projections were developed for the study area
based upon an average of the estimates found in the City's Master Plan and
Comprehensive Plan, as well as the County's 201 Facilities Plan Update. The

population projections, which are presented in detail in Section 3, indicate
steady growth from the present population of about 57,000 to the year 2005
population of 124,000, ‘

Flow projections were based upon the population values and an estimate of 100
gallons of wastewater flow per capita per day. The per capita estimate was
obtained from the three previously mentioned references as we11 as actual
plant flow records. An allowance was added for infiltration and inflow, and a
peaking factor of 1,2 was applied to obtain the design flow projections. As
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seen in Section 3, a design flow of 7.9 million gallons per day (MGD) was
estimated for 1985, and the flows projected for 1995 and the year 2005 were
11,4 MGD and 14.9 MGD, respectively.

A present worth analysis was conducted to determine the wastewater plant stag-
ing for the planning period which ends in the year 2005. The recommended
program involves two phases. Phase I involves the construction of a 10 MGD
facility by 1986 which will be sufficient to treat flows from the East System
and Guifstream. An expansion in 1991 will increase the plant's rated capacity
to 15 MGD.

1.3 EXISTING FACILITIES

The wastewater treatment facilities within the jurisdiction of the City of
Plantation consist of the North Plant, South Plant, Gulfstream Plant, and West
Plant. These facilities, with the exception of the West Piant, were evaluated
to determine equipment conditions and the facilities' capacities to maintain
aeffluent quality within permit limitations,

The North Plant, located north of Sunrise Boulevard and west of the Holloway
Canal, is designed to treat 3.3 MGD. Wastewater treatment is provided through
two separate contact stabilization processes. Although some equipment is not
operational, such as the comminutors, the digester mixers, and a sludge pump,
the North Plant has been meeting its effluent requirements consistently.

The South Plant, a 1.225 MGD combined high-rate trickling filter and activated
sludge plant, is located south of Peters Road near Southwest 16th Street and
the Holloway Canal. This plant is fully operational and routinely meets its
effiuent permit limitations. This facility, as with the North Plant, has
limited flexibility in that it is not equipped with standby process equipment.

The Gulfstream Plant, a 2.5 MGD activated sludge plant, has all treatment
units in service. Since the plant was upgraded in 1976 and includes standby
equipment, the facility generally appears to be in better condition than the
North or South Plants. The facility appears to be capable of meeting its
effluent requirements during the interim operating period.
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1.4 RECOMMENDED FACILITIES

Wastewater transmission, treatment, and disposal facilities are required for
the complete wastewater system. Facilities recommended for Phase [ will be
constructed by 1986. Phase II facilities will be place on-line in 1991 and
will be sufficient for the service area through the year 2005,

Transmission Facilities

The existing Guifstream Plant will be replaced with a 16,8 MGD pumping sta-
tion. A 30-inch force main will be constructed from the pumping station to
the proposed plant along the C-12 Canal corridor. An additional 1.2 MGD of
fiow from Gulfstream will be directed through the existing 8/12-inch force
main along West Broward Boulevard.

The existing South Plant will also be replaced with a pumping station, which
will be rated at 3.5 MGD. The existing 16/20-inch force main will be suffi-
cient to transport flows from the South service area through the year 2005.

Liquid Treatment Facilities

A present worth analysis determined that the conventional activated sludge
treatment process is more cost-effective than the extended aeration process
for the proposed facility. The conventional process consists of bar/filter
screening, grit colliection, primary clarification, aeration, secondary clari-
fication, disinfection, and effluent pumping.

The bar/filter screens are utilized to remove large pollutants from the waste-
water stream that could interfere with the operation of pumps, valves, and
other mechanical equipment. Two 6 millimeter (mm) continuous self-cleaning
bar/filter screens, each capable of passing a maximum flow of 20.8 MGD of
wastewater, will be provided -for Phase I. One additional unit will be added
for the Phase II plant expansion,

Grit includes such materials as particles of sand, gravel, and nonodorous
organics such as coffee grounds and fruit seeds. Grit is removed from the
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treatment »orocess to protect moving mechanical equipment from abrasion and
abnormal wear, to reduce conduit c¢logging from deposition of grit, and to
avoid loading the treatment works with basically inert material. Two 16 feet
in diameter "forced vortex" type grit collectors will be provided for Phase I,
with one additional unit to be installed for Phase II.

Primary clarifiers are utilized for the removal and disposal of settleable
organic solids in the wastewater stream. The recommended primary clarifiers
are the under-floor center-column feed and concentric weir overflow type. Due
to the high odor potential associated with primary clarifiers, they will be
covered with aluminum geodesic covers, Two 80 feet in diameter primary clari-
fiers will be provided for Phase I, and one additional unit will be installed

for the Phase II expansion,

Microorganisms, which use the colloidal and soluble organic matter found in
wastewater as a source of food and energy, require oxygen to grow and re-
produce., Mechanical aeration has been recommended for this purpose in the
proposed facility. Two aeration basins with an installed capacity of 325
horsepower per basin will be provided for Phase I, with one additional basin
to be added for Phase II.

Final sedimentation tanks, or secondary clarifiers, are utilized fo separate
the settleable solids produced by the activated sludge process after aeration.
The recommended secondary clarifiers are the under-floor center-column feed
and peripheral overflow type. Four 75 feet in diameter secondary clarifiers
will be constructed initially, with two additional units to be provided as a
part of the Phase 1l expansion.

Chlorine contact tanks will be provided for effluent disinfection. The tanks
will be designed with length: width ratios of 10:1 to inhibit short-
circuiting. The chlorination system will be sized for a total capacity of 25
milligrams per liter (mg/1) at the design average flow. The chlorinators will
be the high capacity, vacuum-operated, solution-feed type. The chlorinators
will automatically control chlorine gas feed in proportion to influent flow.
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Solids Treatment Facilities

Two alternatives for sludge treatment were examined on a life-cycle cost
basis: (1) conventional treatment with centrifuge thickening, anaerobic diges-
tion, belt-press dewatering, and ultimate disposal in a landfiil; and (2) the
innovative alternative of centrifuge thickening, belt-press dewatering, and
mechanical composting. The present worth analysis indicated that the con-
ventional alternative is more cost-effective, based upon the assumptions made
in the analysis. However, such factors as the landfill tipping fee and the
market value for compost should be re-evaluated during detailed design.
Significant changes in these factors could make the innovative alternative

more attractive.

Solid bowl centrifuges will be utilized to thicken waste activated siudge from
a concentration of about 0.5 - 1.0 percent to 4-6 percent solids. Thickening
from one to five percent solids concentration reduces the volume to one-fifth
the original volume, thereby reducing the capital and operating costs of sub-
sequent sludge processing. Waste sludge from the primary clarifiers is ex-
pected to have a solids concentration of 3-5 percent, so thickening is not
required. Two centrifuges with each rated at a capacity of 210 gallons per
minute (gpm) will be installed for Phase I, and one unit will be added for
Phase II.

Anaerobic digestion will be utilized as the stabilization process unit which
is required for sludge to be landfilled. Advantages of anmaerobic digestion
over other sludge stabilization processes are that it produces methane gas,
reduces the total sludge mass, reduces sludge odor, and inactivates pathogens.
A two-stage high rate sludge digestion process is recommended for the proposed
facility, because higher loading rates can be achieved through improved mixing
and higher temperatures. Two fifty-five feet in diameter primary digesters
and one fifty-five feet in diameter secondary digester will be provided for
the Phase I design. One additional primary digester will be installed for
Phase II.

Dewatering is the removal of water from wastewater solids to achieve a volume
reduction greater than that achieved by thickening. Belt filter presses will
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be utilized %o increase the sludge solids concentration from about 3-5 percent
to about 20-25 percent. Dewatering reduces the sludge volume by three-fourths
and reduces the capital and operating costs of the subsequent sludge disposal
process. Two 2.0 meter belt filter presses will be provided in the Phase 1
faciiity. One additional 2.0 meter press will be included in the Phase I

improvements.

Effluent Disposal Facilities

The effluent disposal system will consist of equalization facilities, transfer
pumping, effluent pumping, and deep wells.

Equalization facilities will be provided to accumulate flows above the maximum
day flow rate. Equalization of the effluent allows the effluent disposal
wells to be sized on a maximum day rather than a peak hour basis. The
recommended equalization tank is a prestressed composite concrete structure
with a capacity of one million gallons for Phase I. An additional tank will
be installed for Phase II.

Transfer pumps will pump treated effluent to the equalization tanks from the
chlorine contact tanks. Single-stage above-base discharge vertical turbine
pumps with constant speed motors will be utilized for this purpose. Three
pumps will be provided under Phase 1 construction, with one pump to be added
for Phase II.

Effluent pumps mounted on the chiorine contact tanks will be utilized for
disposal of the effluent into deep wells. The pumps will be three-stage,
above-base discharge, vertical turbine pumps with two-speed variable-speed
motors. Five pumps will be supplied for Phase 1 and one additional pump will
be required for Phase II.

The effluent disposal facilities will consist of a two-well system. One 24-
inch diameter well will be developed for Phase I, and a second 24-inch
diameter deep well will be installed as a part of the Phase II plant



expansion. The deep well system has been designed such that, if one well were
temporarily out of service, the other well could dispose of the maximum daily
flow through the year 2005.

1.5 COST ESTIMATE AND FINANCING

A construction cost estimate was developed for transmission, treatment, and
disposal faciiities for the 10 MGD phase. An aliowance was made for contingen-
cies, for the cost of related services, and for inflation, The total cost for
Phase I was estimated at $27,226,300.

Various alternative sources of funding are available for financing the Phase I
wastewater facilities. The major source of financing is expected to be from
the issuance of additional debt, possibly revenue bonds., The use of existing
funds on hand and the accumulation of revenues from capacity charges and per-
haps wastewater bill surcharges could lessen the amount of additional debt
required. Increases in wastewater rates would be required to support addition-
al debt. Economies of scale in operating one treatment and disposal facility
as compared with three, however, would tend to offset increases in rates
needed to service such additional debt, Large user charges to Gulfstream
would recover the cost of serving residents in that utility's service area.
These charges could vary depending upon any up-front contributions Gulfstream
might provide and the basis used for allocating costs. It is estimated that
Guifstream would also benefit from the economies of scale resulting from oper-
ating a single treatment and disposal facility. An estimated increase in the
range of $6.24 to $9.92 per month could be expected for East System customers,
and a range of $1.51 to $2.05 per 1,000 gallons could be expected for a large
user charge to Gulfstream,

1.6 IMPLEMENTATION

Due to the regulatory requirement of no discharge to surface waters by mid-
1986, the timing for construction of this faciltity is critical. Two months
are allowed for client and regulatory review of this design report, and pre-
liminary design must begin by November 1983. Preliminary and final design
will require six months and will be completed by June 1984. The construction
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contract cnuld be awarded by January 1985, with construction to be completed
by mid-1986. Compliance with this schedule, which appears graphically in
Section 14, is necessary to meet regulatory requirements.
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SECTION 2
INTRODUCTION

2.1 BACKGROUND

A brief review of background information is important in understanding the
present wastewater options available to the City and Gulfstream. Several
different scenarios have been analyzed in regional planning documents, and
still other alternatives have been proposed in response to recent developments
in the regional wastewater systems,

The Facility Plan on Wastewater Management Systems for Broward County,

Florida, known as the original 201 Plan, was prepared by James M. Montgomery
Consulting Engineers in March 1978, This planning document analyzed four
alternatives for facilities planning which ranged from local treatment to
maximum regionalization. The study recommended that the County be divided
into three districts, called the North, Central, and South regions. Flows
from Plantation and Gulfstream would be directed to the South region to be
treated at the Hollywood regional facility.

The 201 Facilities Plan Update was completed in September 1982 by Russell and
Axon, Inc. and PRC Harris. In this report, three possible treatment sites

were considered for flows from Plantation and Gulfstream: the Broward County
North District Regional Wastewater Treatment Plant (NDRWWTP), the Sunrise #3
plant, and the Hollywood facility. It was concluded that the difference in
costs among the three alternatives was negligible. Therefore, since there was
an existing contract for treatment of 1.5 MGD at the NDRWWTP, that alternative
became more economical. Based upon economic¢ considerations and ease of imple-
mentation, the 201 Plan Update recommended that Plantation and Gulfstream
transfer their flows to the NDRWWTP.

A report entitled Evaluation of Wastewater Treatment and Disposal Alternatives

was prepared in June 1983 by Camp Dresser & McKee Inc. (CDM). The report
evaluated the three following wastewater alternatives: transmission of
Plantation's flows to the NDRWWTP, with Gulfstream building its own facility;
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Plantation and Gulfstream jointly constructing a treatment plant; and
plantation and Gulfstream each building their own facilities. The report
concluded that, depending upon the funding methodology used to allocate
capacity costs of the NDRWWTP to Plantation, it may be more cost-effective for
Plantation and Gulfstream to jointly construct a treatment facility.

The report further recommended that the City proceed immediately with plans to
meet the Florida Department of Environmental Regulation compliance schedule
for the South Wastewater Treatment Plant. The temporary operating permit for
the South Plant calls for diversion of effluent discharge from substandard
waters according to the following schedule: design of interconnecting force
main and pumping station(s) complete by March 31, 1983; financing complete by
November 30, 1983; start construction of interconnecting force main and pump-
ing station(s) by May 31, 1984; and interconnecting system completed and oper-
ational by May 31, 1986, with all flow being diverted to a regional facility.

A temporary operating permit was recently granted to the North Treatment
Plant. The compliance schedule calls for submission of a permit application
to construct an interconnecting line or alternative disposal structure by
November 30, 1983. Construction must begin by February 29, 1984, and dis-
charge to the surface water must be ceased by June 30, 1986.

Plantation will have to take action immediately if the deadlines for diversion
of flows are to be met. There are presently two primary uncertainties related
to Broward County's North Regional Wastewater System that prevent Plantation
from proceeding with steps to divert flow to the NDRWWTP. One uncertainty is
the question of whether the Western Interceptor will be constructed,
especially in 1light of the apparent lack of federal funding. The other
uncertainty relates to the cost allocation methodology that would be used to
charge Plantation for transmission, treatment, and disposal capacity in the
North Regional Wastewater System. Due to the necessity of meeting the dead-
lines for diversion coupled with the uncertainties related to Broward County,
it is important that the City investigate the possibility of establishing its
own regional system, with or without Gulfstream. The purpose of this design
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report is to provide a contingency plan for the ity and Gulfstream in the
event that a suitable large user agreement with the North District System
cannot be negotiated.

Plantation and Gulfstream have an existing temporary agreement with Broward
County for treatment and disposal of 1.5 MGD of wastewater at the NDRWWTP.
This capacity is allocated between Plantation and Gulfstream on the basis of
0.8 MGD and 0.7 MGD, respectively. For purposes of this report, it has been
assumed that the interim agreement will be discontinued at time of connection
to a regional system. Therefore, the plant has been designed for the total
flows from Plantation and Gulfstream without subtracting the interim agreement

capacity.

2.2 PURPOSE AND SCOPE

The purpose of this design report was to determine the most cost-effective
transmission, treatment, and disposal facilities to serve a joint wastewater
system between the City of Plantation and the Gulfstream Utility Company. A
detailed financial analysis was included in this report to facilitate
comparisons between the joint system alternative and the other options
available to the City and Gulfstream, which were discussed in Section 2.1.

The scope of the design report includes a detailed presentation of all facili-
ties required for a complete wastewater system. In this phase of design, unit
process design criteria, schematic flow diagrams, a preliminary hydraulic
profile, and preliminary site layouts were developed. Decisions related to
the unit process type, size, and location were based upon an engineering
analysis with consideration of total life-cycle costs. Additionally, as a
special element of this document, the financial considerations necessary to
fund the project were evaluated. This design report will, upon approval,
become the directive for subsequent final design and production of detailed
construction drawings and specifications. '
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2.3 AUTHORIZATION

On June 8, 1983, the City Council authorized COM to proceed with preparation
of the design report as described in their proposal of June 6, 1983. A letter
confirming this authorization was received by CDM on June 20, 1983.
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SECTION 3
WASTEWATER FLOW AND LOAD PROJECTIONS

3.1 INTRODUCTION

The City of Plantation is essentially a residential community that dces not
exhibit significant seasonal fluctuations in population. Presently no major
"wet" industries are tributary to the wastewater systems. Those industrial,
commercial, and medical operations which do contribute wastewaters are a small
portion of the total system load. Therefore, the flows generated within the

City exhibit the typical characteristics of a domestic wastewater.

In order to determine the requirements for future wastewater treatment
facilities 1in the City, it is necessary to analyze past, present, and future
wastewater flows. The foilowing three-step procedure was used to arrive at
the projected future wastewater flows in tnis report: population projection,
historical wastewater flow data analysis to determine per capita contribution,
and wastewater flow projection.

Section 3 includes the development of wastewater flow and load projections, as

well as the selection of plant design criteria. The organization of Section 3
is as follows:

3.2 Service Area

3.3 Population Projections

3.4 Historical Wastewater Flow Data
3.5 Infiltration/Inflow

3.6 Per Capita Wastewater Flow

3.7 Wastewater Flow Projections

3.8 Treatment Plant Staging

3.9 Historical Wastewater Load Data
3.10 Plant Design Criteria
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3.2 SERVICE AREA

Three distinct wastewater service areas are located within the City of
Plantation as seen in Figure 3-1: the East System, the West System, and the
area served by Gulfstream. The area served by the West Piant 1is not within
the scope of this report since that facility is presently owned and operated
by the City of Sunrise.

The East System serves the customers within the City 1imits from approximately
State Road 7 to University Drive. There are several unsewered sections in the
East System, including areas around the Fort Lauderdale Country Ciub, Westgate
Lake Manor, 0ld Plantation, and some development along Tropical Way. The East
System is served by two treatment plants: the North Plant which has a capa-
city of 3.3 MGD and the South Piant which is rated at 1.225 MGD.

The area within the City between University Drive and Hiatus Road is served by
a 2.5 MGD wastewater plant that is owned by a private company, the Gulfstream
Utility Company. As portions of the Gulfstream area are developed, sanitary
sewers are constructed according to City standards.

3.3 POPULATION PROJECTIONS

Three references were utilized for the development of population projections:
the City's Water and Wastewater Master Pian completed by CDM in January 1978;

the Comprehensjve Plan prepared by the City's Comprehensive Planning Board in

1981; and Broward County's 201 Facilities Plan Update which was completed in
September 1982, An average of the population projections from these three

sources formed the basis for the projections used in this report.

Population projections in the Master Plan were based upon the 1977 Broward
County Land Use Plan figures. Population estimates were developed in the

Master Plan for each year from 1977 through 1985, and then at five-year inter-
vals through the year 2000. The sum of the East System and Gulfstream popula-
tion figures appears in Figure 3-2 as the Master Plan projection.
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The Comprehensive Plan estimates the number of dwelling units (DU's) in the
year 2000 from the 1981 Land Use Plan. Acreage is multiplied by land use
density for each land use category to obtain total DU's for each flexibility
zone. Flexibility Zones 73, 74, and 76 comprise the East System, and Flexi-
bility Zone 75 is the Gulfstream service area. The Comprehensive Plan assumed

a factor of 2.7 persons per DU to obtain an ultimate population of 135,700 in
the East System and Gulfstream. It was estimated that the East System was 80
percent developed in 1980 and would reach maximum development by the year
2000. Gulfstream's service area was assumed to be 20 percent developed in
1980, with build-out occurring in the year 2010. The growth rate between 1980
and uitimate development was assumed to be linear. The result of these calcu-

lations appears in Figure 3-2 as the Comprehensive Plan projection.

The 201 Plan Update listed population estimates for 1980 and the year 2000 for
the North and South service areas (the Fast System) and for Gulfstream. The

data were derived from the University of Florida Bureau of Economic and
Business Research and further disaggregated based upon the Broward Area
Transportation Study projections for each traffic analysis zone. The growth
rate between 1980 and the year 2000 was assumed to be linear, as seen in the
201 Plan Update projections in Figure 3-2.

An average of these three population estimates was used to derive the projec-
tion used in this report, which appears as a dashed line in Figure 3-2. Beyond
the year 2000, the slope of the projection is equal to that of the
Comprehensive Plan, which is the only reference which projected beyond the

year 2000. Figure 3-2 illustrates the relatively close agreement among the
three population references, which promotes greater confidence in the popula-
tion values used in this report.

The percentages of the population sewered in 1980 and 2000 estimated in the
201 Plan Update and the Master Plan were used to calculate the sewered popu-

lation. It was estimated that the combined East and Gulfstream service areas
were approximately 89 percent sewered in 1980, and that they will be 97 per-
cent sewered by the year 2000. A linear increase was assumed in the interim,

with 100 percent of the population having sewerage service by the year 2005.
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The above population projections were developed based upon the total service
area for the proposed treatment plant. However, it is also appropriate to
examine the populations associated with each of the tributary service areas
individually. Thus, the total and sewered population projections were disag-
gregated into the East and Gulfstream service areas. Disaggregation of the
total population was accomplished by averaging the proportions of East and
Gulfstream populations from the three references listed above and applying
those factors to the total population as illustrated in Table 3-1.

To determine the disaggregated sewered populations, it was recognized that
Gulfstream's sewered population dis equal to its total population, since
Gulfstream is 100 percent sewered. The East System's sewered population was
obtained as the difference between the total sewered population and
Gulfstream's population, The results of these calculations appear 1in Table
3-1.

3.4 HISTORICAL WASTEWATER FLOW DATA

Historical flow data from each of the three wastewater plants were examined to
determine such parameters as average annual, peak month, and peak day flows.
The ratios of peak month and peak day flows to average annual flow are used in
developing design treatment plant capacities later in this report.

Table 3-2 summarizes five years of data from the North and South Plants and
three years of data from the Gulfstream Plant. The information was obtained
from daily flow records maintained at each treatment plant. As seen in Table
3-2, the ratio of peak month to average annual flow ranged from 1.04 to 1.Z21.
The literature referenced in Table 3-2 recommended a factor of 1.24, and a
ratio of 1.2 was selected for design. The ratio of peak day to average annual
flow varied from 1.25 to 1.67. The literature referenced in Table 3-2 recom-
mended a value of 1.8, and a design ratio of 1.7 was selected for design.

3.5 INFILTRATION/INFLOW

A sewer system evaluation survey ({SSES) was recently completed in the City in
order to locate and quantify infiltration and inflow (I/I). The SSES report
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L-€

DISAGGREGATION OF §£AST AND GULFSTREAM POPULATIONS

1980 1985 1990 1995 2000 _200%5

TOTAL POPULATION 49,000 63,000 771,000 90,000 104,000 117,000

{East and Gulfstream)
AVERAGE PROPORTION

(East %/Gulfstream %) 71/29 61/139 54/46 49/51 43/57 39/61
TOTAL EAST POPULATION 34,800 38,400 41,600 44,100 44,700 44,800
TOTAL GULFSTREAM POPULATION 14,200 24,600 35,400 45,900 59,300 10,200
% TOTAL POPULATION SEWERED 893 1% 93% 95% 9 100%
SEWERED POPULATIOH . “

(East and Gulfstream) 43,600 57,300 71,300 : 25,800 100,600 115,000
MINUS GULFSTREAM ’

SEWERED POPULATION (a) 14,200 24,600 35,400 45,900 59,300 10,200
EAST SEWERED POPULATION 29,400 32,100 35,900 39,900 4},300 44,800

()

Gul fstream is 100 % sewered as developed, so sewered population = tota) population.



TABLE 3-2
HISTORICAL WASTEWATER FLOW DATA

Avg. Annual Peak Month Peak Month/ Peak Day Peak Day/
Flow (MGD) Flow (MGD) Avg. Annual Flow (MGD) Avg.Ann,

Plantation

North

1978 2.06 2.21 1.07 2.7 1.31

1979 2.16 2.44 1.13 3.6 1.67

1980 2.4 2.5 1.04 3.0 1.25

1981 2.5 2.8 1.12 4.1 1.64

1982 2.49 3.0 1.20 3.6 1.45
Plantation

South

1978 1.11 1.21 1.09 1.40 1.26

1979 1.08 1.15 1.06 1.60 1.48

1980 0.92 1.06 1.15 1.29 1.40

1981 1.09 1.32 1.21 1.72 1.58

1982 1.10 1.20 1.09 1.65 1.50
Gulfstream

1980 1.74 1.89 1.09 2.18 1.25

1981 1.94 2.15 1.11 2.51 1.30

1982 2.03 2.19 1.08 2.69 1.32
Literature(®) .. - 1.24 ——- 1.8
Design Basis -—- -—- 1.2 - 1.7

(a)

"Flow and Load Variations at Wastewater Treatment Plants," Journal Water
Pollution Control Federation, August 1980, p. 2131.
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indicated the presence of 1.41 MGD of peak infiltration, (or 0.84 MGD of
average daily infiltration), in the East System. Gulfstream was not included
in the SSES report, but the 201 Plan Update estimated 0.14 MGD of average
daily infiltration in that area. The total average daily infiltration for the

study area was then estimated at 0.98 MGD.

The SSES report will form the basis for sewer rehabilitation within the City.
The report estimated that a cost-effective rehabilitation program could be
expected to remove 0.115 MGD of peak infiltration (0.07 MGD on an average
day}. The average daily infiltration remaining is 0.91 MGD, or 1.1 MGD on a
peak month design basis. This quantity of infiltration will remain as a com-

ponent of wastewater flow after sewer rehabilitation and has been accounted
for in the flow projections found later in this report.

3.6 PER CAPITA WASTEWATER FLOW

An accurate estimate of per capita wastewater flow is vital to the development

of realistic flow projections., Several sources of per capita flow information
were examined and were found to be in close agreement with each other.

The Master Plan determined per capita flows by dividing 1976-1977 annual
average flows by the 1977 tributary population for each plant. The results
were: 87 gallons per capita per day (gpcd) at the North Plant, 114 gpcd at
the South Plant, and 102 gpcd at Gulfstream. A weighted average of these
figures yields an annual average figure of 97 gpcd in 1977 for all tributary
flows.

The Comprehensive Plan projected flows for 1985 and the year 2000 based upon

an overall factor of 100 gpcd on an average annual basis. The figure of 100

gpcd was selected based on past data, allowances for normal I/1, and national
trends.

The 201 Plan Update developed overall per capita factors of 100 gpcd for the

North Plant, 87 gpcd for the South Plant, and 143 gpcd for Gulfstream. A
weighted average of these figures results in a value of 115 gpcd overall on a

peak month basis, or 96 gpcd on an average day. However, these figures were
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based on the "“corrected 1980" flows, which exclude excessive I/I. The de-
tailed SSES report for Plantation concluded that a cost-effective rehabilita-
tion program would remove about eight percent of the total I/I. Under this
assumption, the per capita figures would be revised to 112 gpcd for the North
Plant, 101 gpcd for the South Plant, and 128 gpcd for Gulfstream on an average
annual basis. A weighted average of these figures yields 116 gpcd on an
average day.

Actual plant flow records were analyzed for 1980 to obtain another estimate of
per capita flow. Average annual flows were summed for each plant and divided
by the 1980 sewered population to obtain 116 gpcd.

The per capita factors developed from the above sources incorporated com-
mercial, municipal, and industrial flows, as well as domestic flows. An
analysis of these sources resulted in the conclusion that 100 gped on an
average day is an appropriate factor to use for overall base flow. Tnis value
was confirmed by subtracting I/1 from the most recent per capita value of 116
gpcd, derived from the 201 Plan Update and from actual plant flow records.

The 1/1 component of 0.91 developed in Section 3.5 translates to a 1980 value
of 20 gpcd. Thus, the base flow per capita is effectively 96 gpcd on an
average annual basis. This factor compares quite favorably with the value of

100 gpcd which has been assumed for base flow in this report.

3.7 WASTEWATER FLOW PROJECTIONS

Future wastewater flow was projected through the year 2005 based upon the
sewered population projections developed in Section 3.3 The factor of 100
gpcd for overall base flow developed in Section 3.6 was applied to the popuia-
tion projections to obtain average annual flow. Added to this was the I/1
component of 0.91 MGD from Section 3.5. A peak month factor of 1.2 was
derived from Table 3-2 and applied to obtain peak month design flows. Figure
3-3 illustrates the results of these calculations. A design flow of 7.9 MGD
was estimated for 1985, and the flows projected for 1995 and the year 2005
were 11.4 MGD and 14.9 MGD, respectively.
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3.8 TREATMENT PLANT STAGING

The selection of a staging program for the treatment plant was based upon
several parameters. First, modular construction in equal increments was de-
sired due to ease of construction and operation and due to economies of scale.
A 20-year planning period was assumed, which resulted in an ultimate design
capacity of the plant of 15.0 MGD for the maximum month in the year 2005.

An additional consideration in the selection of the staging program was the
timing of the Gulfstream Plant abandonment, It has been estimated that the
plant should be abandoned by the early 1990's to avoid prohibitive operation
and maintenance costs. However, the plant could be taken out of service
earlier without serious economic consequences, since the difference in the
remaining piant value is relatively small. The main difference between the
two alternatives outlined below is the timing of the Gulfstream Plant abandon-
ment and its effect on the type and size of related facilities.

The first alternative examined the construction in 1986 of an 8.0 MGD treat-
ment plant, comprised of two 4.0 MGD modules, to serve the East System. In
1991, the Gulfstream Plant would be abandoned, and a 7.0 MGD expansion to the
new facility would be constructed. Delaying the Gulfstream Plant abandonment
necessitates the construction of a force main to transport treated effluent to
the new plant and another force main to transport raw wastewater in excess of
the 2.5 MGD treatment capacity at Gulfstream. The existing raw wastewater
force main in service is insufficient to éarry this flow.

The second alternative involves the construction of a 10.0 MGD wastewater
plant in 1986, which would consist of two 5.0 MGD modules. This phase would
be designed to serve Gulfstream as well as the East System. A 5.0 MGD expan-
sion to the facility would be scheduled for 1991. Abandoning the Gulfstream
Plant in 1986 would eliminate the need for dual force mains. One larger force
main could be constructed to transport raw wastewater to the new plant site.

A present worth analysis of construction costs was conducted on the two alter-

natives based on updated cost curves from the 201 Plan Update. Operation and
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maintenance {0&M) costs for the new plant were not included in the analysis
since they were assumed to be equivalent for each alternative. However, the
incremental 0&4M cost of the Gulfstream plant remaining in service for another
five years was included in Alternative I. As seen in Table 3-3, the differ-
ence in costs was less than two percent. Since this difference is not signifi-
cant at a planning level, a staging program was selected on the basis of ease
of implementation. The second alternative was preferred, since the construc-
tion of one larger force main for raw wastewater is preferable to construction
of two separate force mains for raw and treated wastewater. Furthermore, the
second alternative provides for true modular construction with three modules
of 5.0 MGD each. Figure 3-4 1llustrates the recommended staging plan
graphically.

3.9 HISTORICAL WASTEWATER LOAD DATA

Historical values for biochemical oxygen demand (BOD) and suspended solids
(SS) were examined to establish loading trends. Data from each of the three
treatment plants were compiled for 1980, 1981, and 1982 in Table 3-4. The
results are expressed in pounds (1bs.} per day to avoid the unnecessary
confusion of weighted averages for BOD and SS concentrations among the three
plants.

An estimate of average daily per capita BOD and SS loadings was derived from
this data by dividing by the sewered populations for the corresponding years.
The data indicates an average loading rate of 0.14 to 0,15 pounds of BOD per
capita per day, and 0.14 to 0.17 pounds of SS per capita per day, as seen in
Table 3-4, However, the more conservative and widely used figures of 0.17 and
0.20 pounds per capita per day have been assumed for design. These design
values are recommended as a minimum by the Ten States Standards, which are
referred to by the FDER.

Table 3-5 ‘lists historical values of peaking factors for each of the three
plants. The ratios tabulated include the peak monthly to average annual loads
for BOD and SS. The historical ratios were compared with those found in the
literature before selecting the values to use for design. For purposes of
this design, a peak month to average annual ratio of 1.3 was chosen for BOD,

3-13



TABLE 3-3 (a)(b)
PRESENT WORTH ANALYSIS OF STAGING ALTERNATIVES 8

Present Worth of Costs in 1986

Alternative 1 Alternative I1I

Treatment or (8/7 MGD, (10/5 MGD,
Transmission Facility Gulfstream 1991) Gulfstream 1986)

A. 2.67 MGD Pumping Station
at South Plant $ 421,000 $ 421,000

B. Force Main modifica-

tions between North
and South plants 100,000 100,000

€. Stage 1 Pumping
Station at Gulfstream
(4.25 MGD for Alt. I,
8.0 MGD for Alt, II) 695,000 1,380,000

D. Stage 2 Pumping
Station at Gulfstream
(9.6 MGD for Alt. I,
6.2 MGD for Alt. II) 1,043,000 646,000

E. Force mains between
Gulfstream and North
site {Two 18" lines for
Ait, I, One 24" line for
Alt. 11} 1,090,000 757,000

F. Stage 1 Treatment Plant
(Two 4.0 MGD modules for
Alt. I, Two 5.0 MGD
modules for Alt. II) 10,650,000 12,450,000

G. Stage 2 Treatment Plant
(One 7.0 MGD module for

Alt. I, One 5.0 MGD
moduie for Alt, II) 6,023,000 4,756,000

H. Incremental 0&M Costs
of Gulfstream Plant
(1986f1991) 138,000 N/A

TOTAL PRESENT WORTH $20,160,000 $20,510,000

(a) Assumptions:
1. Interest rate @ 10%.
2. Planning period of 20 years.
3. ENR @ 4000.
(b} Information obtained from cost curves in the 201 Plan Update.
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TABLE 3-4 (a)
HISTORICAL INFLUENT BOD AND SS LOADS

1980 1981 1982

80D
- Average annual

loading, (1b/day) 6,188 6,666 7,464
- Estimated Popu-

lation Served 43,600 46,340 49,080
- Average Per Capita

Contribution,

(1b/capita-day) 0.14 0.14 0.15
SS
- Average annual

toading, (1b/day) 6,095 7,772 7,614
- Estimated Popu-

lation Served 43,600 46,340 49,080
- Average Per Capita

Contribution,

(1b/capita-day) 0.14 0.17 0.16

(a)

Combined loading of all three existing wastewater plants.
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TABLE 3-5
HISTORICAL PEAK FACTORS

Peak Month BOD/ Peak Month SS/
Avg. Annual BOD Avg. Anpual SS

Plantation

North

1978 1.13 1.09

1979 1.15 1.18

1980 1.13 1.05

1981 1.13 1.11

1982 1.13 1.23
Plantation

South

1978 1.13 1.10

1879 1.05 1.09

1980 1.12 1.16

1981 1.19 1.17

1982 1.25 1.15
Gulfstream

1980 1.15 1.33

1981 1.31 1'34(a)

1982 1.24 1.27
Literature'?) 1.31 1.39
Design Basis 1.3 1.4

(a) SS data for January 1982 was excluded from the analysis, since it was
abnormally high.

(b) "Flow and lLoad Varjations at Wastewater Treatment Plants," Journal Water
Pollution Control Federation, August 1980, p. 2131.
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3.10 PLANT DESIGN CRITERIA

Design criteria for the 10 MGD and 15 MGD phases of the plant are listed in
Table 3-6. These parameters were used to size the facilities and include
average annual and peak flows, as well as average annual and maximum month
influent BOD and SS loadings.

The average annual flow was derived from the peak month design flow by
dividing by the peak month factor of 1.2. Peaking factors were then applied
to the average annual flow to obtain flow design criteria. The peak month and
peak day ratios were developed in Table 3-5. Peak 4-hour and instantaneous

peak factors were selected based upon the literature and past experience.

To obtain average annual influent loadings for BOD and S$S, the maximum sewered
population for each phase was multiplied by the per capita loadings developed
in Section 3.9. The peak month loading factors developed in Table 3-5 were
applied to obtain maximum monthly influent BOD and SS.
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TABLE 3-6
DESIGN CRITERIA

FOR

PLANTATION WASTEWATER TREATMENT PLANT

FLOW, MGD

1
2.
3.
4.
5

Average Annual
Maximum Month
Maximum 24-Hour
Maximum 4-Hour
Maximum Instantaneous

BOD LOAD, (1bs/day)

1.
2.
3.

Population
Average Annual Influent
Maximum Month Influent

$S LOAD, (1bs/day)

1,
2.
3.

Population
Average Annual Influent
Maximum Month Influent

10 MGD
Phase

P
OO
O - O W

74,200
12,614
16,398

74,200
14,840
20,776
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15 MGD

Phase

12.5
15.0
21.3
25.0
31.2

115,000
19,550
25,415

115,000
23,000
32,200



SECTION 4
EVALUATION OF EXISTING FACILITIES

4.1 INTRODUCTION

The wastewater treatment facilities within the jurisdiction of the City of
Plantation consist of the North Plant, South Plant, Gulfstream Plant, and West
Plant. These facilities, with the exception of the West Plant, were evaluated
to determine equipment conditions and the facilities' capacities to maintain
effluent quality within permit limitations. This evaluation was conducted
through a review of operating data from 1981 and 1982, staff interviews, and
on-site facility inspections.

Section 4 summarizes the evaluation of the existing facilities as follows:

4.2 Facility Description
4.3 On-Site Investigations
4.4 Equipment Useful Life
4.5 Capacity Analysis

4.6 Summary

4.2 FACILITY DESCRIPTION

North Wastewater Treatment Plant

The City of Plantation North Plant, located north of Sunrise Boulevard and
west of the Holloway Canal, is designed to treat 3.3 MGD. Wastewater treat-
ment is provided through two separate contact stabilization processes.

The first process train, rated at 2.2 MGD, was built in 1967 on the site of
the trickling filter plant built in 1953. This treatment process consists of:

Aeration basin utilizing mechanical aeration

Bar screens (2)
Clarifiers (2)
Reaeration utilizing mechanical aeration

o O o ©
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o

Polishing pond

Chlorination

Primary aerobic digestion utilizing mechanical aeration
Secondary aerobic digestion utilizing diffused air
Sludge holding tanks (2)

Sludge drying beds (16)

o O O o O

The new section of the North Plant, rated at 1.1 MGD, is also a contact stabil-
ization process and was built in 1969, The main treatment processes include:

0 Aeration basin utilizing floating mechanical aerators

o Bar screens (2)

o Clarifier

o  Reaeration basin utilizing floating mechanical aerator
¢ Polishing pond

o Chlorination

0 Aerobic digestion utilizing floating mechanical aerator
o Sludge drying beds (8)

The facility functions as two individual treatment processes with limited
flexibility to divert flow from one process train to the other. The North

Plant is further illustrated schematically in Figure 4-1.

South Wastewater Treatment Plant

The South Plant, a 1.225 MGD combined high-rate trickling filter and activated
sludge plant, is located south of Peters Road near Southwest 16th Street and
the Holloway Canal.

The trickling filter portion of the facility was constructed in 1959 and was
upgraded to include the activated sludge process in 1968. The treatment pro-
cess consists of:

o Bar screen

0  Aeration basin utilizing mechanical aeration
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Primary sedimentation

Trickling filter with recirculation

Final clarifier

Polishing pond

Chlorination with reaeration

Aerobic sludge digestion utilizing mechanical aeration
Sludge holding

Liquid sludge disposal

Figure 4-2 provides a schematic flow diagram of the South Plant.

As with the North Plant, there are no redundant treatment units or equipment,
which tends to 1imit the facility's flexibility.

Gulfstream Wastewater Treatment Plant

The Gulfstream Plant, a 2.5 MGD activated sludge plant, was expanded to its

present capacity in 1976. The facility consists of:

O O o 0 o o o o o

Aerated surge tanks (3) utilizing diffused air

Aeration basin utilizing mechanical aeration

Final settling

Filter dosing tanks (2)

Pressure filters (2)

Oxidation pond (emergency use only)

Chlorination

Aerobic sludge digestion (2) utilizing mechanical aeration
Studge drying beds or 1iquid disposal

Figure 4-3 provides a schematic flow diagram of the Gulfstream Plant. Unlike
the North and South Plants, Gulfstream has the additional flexibility provided
by redundant process units and equipment,
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4.3 ON-SITE INVESTIGATIONS

General

An on-site investigation of existing conditions at each of the plants was
conducted to evaluate the conditions of the facility's equipment. Based upon
these observations and discussions with the facility's staff, a determination
of the equipment's remaining useful 1ife has been made.

The following section details the conditions observed during the on-site
investigations;

North Wastewater Treatment Plant

The North Plant, divided into two process trains, is fully operational with
most major process equipment units functioning. While a few pieces of equip-
ment are not operational, the facility's ability to consistently meet the
effluent limits has not been adversely affected.

Specifically, these units include the Worthington comminutors, in both the old
and new sections, the secondary aerobic digester mixers, and the Carter posi-
tive displacement piston pump. The comminutors have proven to regquire exten-
sive maintenance to remain operational and provide limited benefit in terms of
rag removal. The in-place bar screens provide adequate rag removal. Adequate
mixing is provided in the secondary digester through the diffused air system.

The Carter sludge pump also required a significant amount of maintenance to
keep in operation. This unit being out of service has not affected operation
since an FMC Scrufle pump provides for the sludge transfer from the aerobic
digesters to the holding tanks.

No specific equipment operational problems were identified, with the exception

of the floating aerators in the "new" plant. These units have required a

significant amount of maintenance to keep the units operational. Failures
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have included cable breakage, motor failures, and floating ring baffle
breakage. To address these recurring problems, spare motors are stocked, and
a replacement fiberglass ring is being fabricated.

A general observation is that very few units are provided with redundant
equipment. The impact of this condition on equipment maintenance is twofold:
(1) equipment must be shut down to be serviced, limiting the time available to
maintain the equipment due to the adverse affect to the overall treatment, and
(2) due to process requirements, the equipment must run continuously,

accelerating normal wear,

Table 4-1 lists the major equipment units and provides comments regarding
their general condition.

South Wastewater Treatment Plant

The South Plant is fully operational and routinely meets it effluent permit
Timitations. This facility, as with the North Plant, has limited flexibility
in that it is not equipped with standby process equipment. Table 4-2 provides
additional detail regarding individual equipment units.

A1l process equipment was in operation during the site investigation, with the
exception of the trickiing filter recirculation pump and the aerobic digester
mechanical aerator. These units are operational and were shut down for pro-
Cess reasons. Recirculating only at night provides additional hydraulic
loading to the trickling filter during low flow conditions. During the
decanting of the aerobic digester, the mechanical aerator is shut down due to

insufficient submergence of the aerator blades.

Specific problems identified during the inspection include an inoperable inlet
valve and check valve on the return sludge pump, final clarifier flooding, and
trickling filter distribution arm plugging. Due to the lack of standby equip-
ment and associated piping, the primary clarifier must be drained to make the
required repairs to the inoperable valves.
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TABLE 4-2

MAJOR EQUIPMENT - SOUTH PLANT

Unit Manufacturer Rating Comment
Primary Clarifier Dorr QOliver 1/2 HP Constant use
Return Pumps Peabody 3 HP Constant use; check valve
Barnes and pump inlet valves do not
operate
Aeration Basin Yeoman 30 HP Constant use {(no spare)
Aerator
Trickling Filter Dorr Oliver - Constant use
Distributor
Secondary Dorr Oliver 1/2 HP Constant use
Clarifier
Recirculation 5 HP Night use during lTow flow

Pump

Final Sludge
Pump

Reaeration
Blower
Chlorinator

Flow Meter

Generator

Gorman Rupp 5 HP
300 gpm

Roots 1-1/2 HP

Wallace & 1000

Tiernan 1b/day

BIF

Waukesha 170 kW

Engine & 213 KVA
Onan

Generator
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conditions

Intermittent use

Constant use

Pressure type

Meter range increase
percent to reading range
increased due to peaking

flow not in range

275 hours
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Oue to high flow conditions, the final clarifiers regulariy flood during the
morning hours. While this is not adversely affecting the plant equipment, it

does affect the plant's efficiency.

During the on-site inspection, the trickling filter distribution arms stopped.
Typically this 1is caused by either plugging of the distributor orifices or
deteriorated bearings in the distributor turntable.

Plugging of the distributor is indicative of rags passing through the bar
screens. This condition is easily remedied at the distributor by cleaning and
flushing the distribution arms. This procedure is routinely performed by the
plant staff. However, if rags are reacﬁing the trickling filter, it must be
assumed that they are present throughout the plant. Rag build-up on aerator

blades can cause imbalance and significantly increase wear on the units.

Given the age of the trickling filter, it is reasonable to assume there has
been deterioration of the bearings., Due to the impending abandonment of the
facility, further investigation to determine the extent of the wear is not
warranted.

The facility has an excellent general appearance, although several metal
stairways and catwalks pose potential safety hazards. Many locations are
severely corroded, and a step to the aeration basin is broken.

This facility appears to be capable of providing adequate treatment through
the interim period, but 1imited capital costs can be anticipated to provide
for unpredictable equipment failures and employee safety.

Gulfstream Wastewater Treatment Plant

The Gulfstream Plant, during the on-site investigation, had all treatment
units in “service. Due to the facility's age and standby equipment, the
facility generally appears to be in better condition than either the North or
South Plant. Table 4-3 lists major equipment items and provides additional
details regarding general equipment conditions.
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Unit

Surge Tank
Blowers

Surge Pumps

Aeration Surge
Tanks

Final Clarifier
Drive

Return Pumps

Waste/Scum
Pumps

Filter Feed
Pumps/Backwash

Filters
Chlorination
Aeration

Digester

Aeration
Digester

TABLE 4-3

MAJOR EQUIPMENT - GULFSTREAM PLANT

Manufacturer Rating Comment
Spencer 40 HP 2 units available; 1 large and
846 cfm unit on constantly
20 HP 3 units available; 1 small
260 cfm unit dedicated to converted
digester constantly
Morris 7.5 HP 3 units available
600 gpm
Morris 40 HP 2 units available; constant
1500 gpm duty
Clow 100 HP Spare unit available; constant
duty
Winsmith 3/4 HP Constant duty
Morris 40 Hp 2 units; hydraulic varidrives.
As drives fail replacing with
belts and sleeves, constant
duty - one in use
Morris 2 HP 2 units; intermittent use
Pacific 15 HP 5 units; 3 units one filter,
600 gpm 2 units second unit constant
use
Califilco 4 cell Control panels show signs of
corrosion
Advance 1000 Vacuum facility shared with
1b/day H20 plant.
Yeoman 15 HP Constant duty, rebuilt 1971
Clow 20 HP Constant duty, rebujilt 1971



Few operational or mechanical problems were evident during the inspection,
Those observed include the sludge drying beds, corrosion at the pressure
filter control panel, and miscellaneous equipment repairs in progress.
Several of the sludge drying beds are not useable due to vegetation growth.
This situation has occurred since sludge disposal has been facilitated through
liquid hauling and disposal. Plans are in progress to renovate 9 of the 20
beds which are not useable.

The corrosion at the filter control panels has not affected the filter
operation but does pose a potential problem. Another factor regarding the
filter operation, identified by the plant staff, is the use of final clarifier
effluent for backwashing. During occurrences of solids carry-over from the
clarifier, more frequent backwashes are required. The backwash water carries
the same solids concentration that caused the more frequent backwashing,
thereby limiting the effectiveness of the backwash. Although this 1is not a
routine occurrence, it does occassionally limit the filter effectiveness,

The surge pumps and the return sludge pumps are equipped with hydraulic
variablie-speed drives. As failures have occurred, these units have been
replaced with belt and sheave drives. This modification has been undertaken
due to reduced cost and reduced maintenance requirements.,

In summary, this facility, as with the North and South plants, appears to be
capable of meeting its effluent requirements during the interim operating
period. Limited capital improvements to address unpredictable equipment
failures should be required to meet these treatment needs.

4.4 EQUIPMENT USEFUL LIFE

Generally, equipment designed for wastewater treament plant applications has
an expected useful 1ife of 15 to 20 years. Many factors impact whether or not
the predicted useful life is realized. These factors include equipment
design, care prior to installation, application, maintainabitity, and mode of

operation, i.e., constant or intermittent use. The plant staff has little or
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no control over most of these factors: they are a function of the facility
design and the equipment furnished. The plant staff does have control over
the most important aspect, which is equipment maintenance.

As evidenced by the age of the equipment at the South Plant and the “"oid"
section of the North Plant, an adequate level of maintenance has been pro-
vided. The equipment in these two areas has provided at least 25 years of
service,

While no significant mechanical problems are now being experienced, it can be
expected that the equipment in these areas will require an increasing amount
of the maintenance budget and the maintenance crews' time. Potential problem
areas that will have the most significant impact on the level of treatment
provided include the mechanical aerators in the reaeration basin and in the
aerobic digester at the North Plant, and the aerators in the aeration tank and
in the aerobic digester at the South Plant. These units have not required ex-
cessive maintenance in the past, but their age, the lack of a spare unit, and
critical impact on the treatment processes warrant close monitoring. Efforts
should be undertaken to assure that a substitute unit can be obtained quickly
to minimize the adverse affects caused by a failure.

The "new" North Plant mechanical aerators have proven, through past experi-
ence, that their expected useful life is significantly less than the 25 years
referenced above. A stock of spare parts is currently maintained to keep
these units in service. It is anticipated that the equipment reliability will
not change, requiring that this stock of spare parts be maintained.

The mechanical aerators at the Gulfstream Plant are as critical to the treat-
ment process as those at the North and South Plants. However, due to their
condition and age, a major failure should not be anticipated.

Pumping equipment at each of the facilities appears adequate to maintain
operations through the interim operating period. Although the pumping equip-
ment is the same age as the aerators, repairs do not pose the same probiems.
Repair parts and service are locally available for most of the units, unlike
the aerators which must be sent out for an extended time to be repaired.



Also, the availability of standby pumps and portable pumping equipment at the
North and Gulfstream Plants provides added flexibility.

In summary, the North Plant and South Plant equipment are nearing the end of
their anticipated useful life. An increase in unpredictable equipment
failures can be anticipated. However, through routine preventive maintenance
and corrective maintenance, the facility's equipment wil} provide the level of
service required to maintain compliance with the effluent requirements through
the interim operating period.

The Gulfstream Plant equipment, due to the availability of standby units and
lesser number of years in service, can expect a relatively consistent mainten-
ance budget and effort. Should this interim operating period extend beyond
1986, significant repairs can be anticipated for all of the facilities.

4.5 CAPACITY ANALYSIS

The North, South, and Gulfstream Plants have been consistently meeting their
respective effluent requirements as indicated in Tables 4-4, 4-5 and 4-6,
BOD and SS removal pose no significant problems at any of the three plants.
Flow appears to be the Timiting factor at each of the facilities.

High flows have affected each of the facilities. Flooding of the final
clarifier at the South Plant is routinely experienced. High flows have caused
overfiows of the trough between the aeration basin and the reaeration basin at
the North Plant. In addition, Gulfstream has modified an existing digester to
serve as an additional surge tank.

Average daily flows are below design levels at each of the facilities. How-

ever, each of the facilities has experienced daily flows in excess of design
flows. During the period from January 1981 through December 1982, the North
Plant did not exceed design flows. Based upon the review of plant operating
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TABLE 4-4
OPERATING SUMMARY - NORTH PLANT

BOD (mg/1) Suspended Solids (mg/1)
Flow % %

Month  (MGD) Influent Effluent Removal Influent Effluent Removal

1981
January 2.43 156 6 96.2 163 11 93.3
February 2.59 157 5 96.8 160° 11 93.1
March Z2.44 166 5 97.0 176 9 94.9
April 2.29 168 6 96.4 157 8 94.9
May 2.26 152 10 93.4 160 10 93.8
June 2.59 158 5 96.8 169 10 94.1
July 2.62 142 5 96.5 161 10 93.8
August 2.83 149 6 96.0 167 10 94.0
September 2.73 167 9 94.7 164 9 94.5
October 2.56 148 11 92.7 168 11 93.5
November  2.61 148 4 97.3 165 11 93.3
December 2.58 170 11 §3.5 174 11 93.7
AVERAGE 2.54 156.8 6.9 95.6 165.3 10.1 93.9

1982
January 2.58 159 12 892.5 158 15 90.5
February 2.61 146 10 93.2 162 16 90.1
March 2.60 163 14 91.4 161 15 91.9
April 2.59 164 13 92.1 171 18 89.5
May 2.61 153 9 94.1 171 13 92.4
June 3.00 134 8 94.0 167 13 92.2
July 2.61 155 6 96.1 165 7 95.8
August 2.72 149 7 95.3 171 9 95.7
September 2.60 150 4 97.3 156 8 94.9
October 2.16 146 6 95.9 158 3 94.9
November 1,98 139 5 96.4 166 8 95.2
December  1.83 144 3 97.9 152 8 94.7
AVERAGE 2.49 150.2 8.1 94.6 163.2 11.3 93.1
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TABLE 4-5
OPERATING SUMMARY - SOUTH PLANT

BOD (mg/1) Suspended Solids (mg/1)
Flow % %

Month ~ (MGD) Influent Effluent Removal Influent Effiuent Removal

1981
January 1.01 147 8 94.6 164 11 93.3
February 1.08 135 6 95.6 155 10 93.5
March 1.04 165 11 93.3 144 9 93.8
April .92 143 8 94.4 167 12 93.8
May 1.02 155 9 94.2 163 11 93.3
June 1.32 138 6 - 95.7 155 9 94,2
July 1.16 140 8 94.3 159 9 94.3
August 1.21 138 9 93.5 165 12 - 92.3
September 1.21 140 7 95.0 152 8 94.7
October 1.09 134 7 94.8 161 11 93.2
November 1.07 127 6 95.3 157 10 93.6
December  1.08 147 6 95.9 155 8 94.8
AVERAGE 1.10 142.4 7.6 94.7 158.1 10.2 93.5

1982
January 1.08 140 11 92.1 143 8 94.4
February 1.16 132 8 93.9 150 12 92.0
March 1.01 139 9 93.5 162 12 92.6
April 1.04 143 9 93.7 158 13 91.8
May 1.09 132 6 95.5 150 10 93.3
June 1.31 144 8 94.4 150 9 94.0
July 1.06 139 6 95.7 150 7 95.3
August 1.09 133 5 96.2 159 8 "~ 95.0
September 1.08 130 5 96.2 156 8 94.9
October 1.14 136 8 94,1 161 10 93.9
November  1.20 138 6 95.7 154 10 93.5
December .99 136 5 96.3 156 10 93.6
AVERAGE 1.10 136.8 7.2 94.7 154.1 9.8 93.6
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TABLE 4-6
OPERATING SUMMARY - GULFSTREAM PLANT

BOD (mg/1) Suspended Solids (mg/1)
Flow % %
Month  (MGD) Influent Effluent Removal Influent Effluent Removal
1981
January 1.76 101 2 98.0 108 8 92.6
February 2.15 151 6 96.0 198 10 94.9
March 2.05 111 2 98,2 215 5 q7.7
April 1.73 142 1 99.3 152 4 97.4
May 1.97 119 5 95.8 ‘136 8 94,1
June 1.92 128 3 97.7 165 7 95.8
July 2.00 115 1 99.1 225 5 97.8
August 2.09 118 2 98.3 163 i 95.7
September 1.82 161 4 88.1 208 9 95.7
October 1.78 111 3 97.3 186 10 94.1
November  2.05 150 5 96.7 144 14 90.2
December 1.93 125 4 96.8 178 16 91.0
AVERAGE 1.94 127.7 3.1 97.6 173.2 8.6 95.0
1982
January 2.03 171 5 97.1 275 16 94.2
February 2.16 141 2 98.6 180 7 96.1
March 2.19 201 8 96.0 - 9 -
April 2.04 214 14 93.5 193 7 96.4
May 1.92 138 7 97.1 128 16 87.5
June 1.95 162 7 95.7 104 9 91.3
July 1.97 194 5 97.4 190 10 94,7
August 1.96 145 4 97.2 150 12 g2.0
September 2.02 157 4 97.5 130 6 95.4
October 2.02 212 6 97.2 103 7 93.2
November  2.16 168 5 97.0 165 8 95.2
December 1.99 178 6 96.6 200 14 93.0
AVERAGE 2.03 131.8 6.1 96.6 165.3 10.1 93.9
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operating records and staff interviews, the facilities will be able to main-
tain this level of treatment during the interim operating period, providing
flows do not significantly increase,

The present plant permit ratings for the North, South, and Gulfstream Plants
are 3.3, 1.225, and 2.5 MGD, respectively. With the addition of the 1.5 MGD
interim treatment agreement with the Broward County North District, the total
permitted available treatment capacity is 8.5 MGD. Since a wastewater flow
projection of 8.25 MGD was developed in Section 3.7 for the year 1986,
adequate capacity 1is available through the interim period unti)l such time as

the new regional facility is operational.
4.6 SUMMARY

The North, South, and Gulfstream Plants continue to provide the treatment

necessary to remain within their respective permit limits. By maintaining the
current levels of operation and maintenance, these facilities should remain in

compliance.

However, critical equipment failures can impact a facility's ability to remain
in compliance. Specifically these include:

0 Failure of the reaeration basin aerator at the North Plant.
o Failure of the aeration basin aerator or the aerobic digester aerator
at the South Plant. '

As previously stated, these units have not required an extraordinary amount of
maintenance in the past. However, due to their critical impact on the treat-
ment process, lack of spare or standby units, and the time required for
repair, failure of any of these units has a detrimental impact on the effluent
quality.

The Gulifstream Plant has the flexibility of standby units and/or spare units
to address equipment failures. This flexibility limits the time any unit will
be out of service due to failures, therefore minimizing the effects on efflu-
ent quality.
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As these facilities are abandoned, usefulness of the existing equipment will
be limited. The effect of continuous use, abrasiveness of wastewater, and
equipment age preclude the use in any new facility that may be constructed,
Salvage value is all that can be realistically expected from the abandoned
equipment, unless the units are interchangeable with other equipment within
the jurisdiction or other area utilities.

Should the facilities be required to remain in operation beyond 1986, signifi-

cant expenditures can be anticipated to maintain the current level of
treatment.
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SECTION 5
WASTEWATER TRANSMISSION FACILITIES

5.1 INTRODUCTION

The existing force main network was analyzed to determine the available trans-

mission capacity. Peak flows were compared with the capacity of the existing
system to determine the required size of the proposed force main from the
Gulfstream Plant to the new treatment facility.

The Guifstream Plant and the South Plant will be phased out when the proposed
treatment facility is completed. Pumping stations will be built at the Gulf-
stream and South Plant sites to transport flows from those service areas to
the new treatment facility.

The following aspects of the transmission facilities are covered in Section 5:

5.2 Description of Existing Transmission Network

5.3 Capacity of Existing Transmission Network
5.4 Proposed Transmission Facilities

5.2 DESCRIPTION OF EXISTING TRANSMISSION NETWORK

There are several existing force mains that will be utilized to transport

flows to the proposed plant. These faciiities are shown in Figure 5-1 and are
discussed below.

From the Guifstream Plant, an 8/12-inch force main runs eastward along West

Broward Boulevard to East Tropical Way. At that point it connects with a
20-inch force main which runs northward to the North Treatment Plant. The

purpose of this interconnect is to divert excess flow from the Gulfstream
_Plant to the North Plant for treatment and disposal.
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From the South Plant, a 16-inch force main runs northward and connects with

the aforementioned 20-inch force main, This 16-inch force main is presently
not in service,.

From the North Plant, a 16-inch force main runs eastward along West Sunrise
Boulevard and eventually connects to Broward County's Sunrise Pumping Station.
Wastewater is then pumped into the Eastern Interceptor on State Road 7, which

discharges to the NDRWWTP. Currently, only the portion of the 16-inch force
main east of the Big Seven Pumping Station is used for wastewater transmission
to Broward County's system.

5.3 CAPACITY OF EXISTING TRANSMISSION NETWORK

An analysis of the existing force main network was conducted to determine the
transmission capacity available in the system. The following force mains were
analyzed: the 8/12-inch line from Gulfstream, the 16-inch line from the South
Plant, and the 20-inch line which begins at the intersection of the 8/12-inch
and the 16-inch force mains.

The capacity of the existing force mains was evaluated by batancing two
objectives: to minimize pumping and energy costs by reducing the flow rating
of the existing mains; and to eliminate the capital outlay for supplementary
pipelines by maximizing the flow through existing mains. In addition to these
economic objectives, certain hydraulic conditions, such as velocity, must be
within an acceptable range. Low velocities will allow solids to settle in the
force main. High velocities can result in damage to the pipe and excessive
head Tloss per foot of pipe. The range of acceptable velocities assumed for

this design report was 3 to 6 feet per second (ft/sec), with an optimum
velocity of about 5.5 ft/sec.

Gulfstream Force Main

The Gulfstream force main consists of 3700 linear feet of 8-inch line which

delivers wastewater to the Gulfstream/Plantation interconnect at Pumping



Station No. 112. This station pumps into a 12-inch force main which continues

along West Broward Boulevard and joins with the 20-inch force main to the
North Plant.

At University Drive, which is just beyond the interconnect, three Plantation
pumping stations discharge their flows into the 12-inch force main. Pumping
Stations Nos. 105, 106, and 108 serve the Broward Mall and other commercial
and proposed multi-family units along University Drive. Fiows from these
pumping stations were incorporated in the hydraulic analysis of the Gulfstream

force main beyond the interconnect.

The capacity of the Gulfstream force main was determined in the following
manner. It was assumed that peak hour flows from the University Drive pumping
stations would continue to be served by the 12-inch portion of the force main
during the planning period. The amount of flow to be carried from Gulfstream

was determined by optimizing the velocities in the 8-inch and 12-inch portions
of the force main.

The hydraulic analysis determined that the optimal amount of peak hour flow to

be diverted from Gulfstream was 1.2 MGD, or 0.58 MGD on a maximum month basis.
The peak hour flow from the three pumping stations on University Drive was 1.8

MGD. These flows resulted in velocities of 5.1 ft/sec in the 8-inch portion
of the force main and 5.8 ft/sec in the 12-inch portion after University Drive.

South Plant Force Main

The South Plant force main consists of 7000 linear feet of 16-inch pipe along
East Tropical Way from the South Plant to West Broward Boulevard. At that
point, it connects to the 20-inch force main which is discussed later in this
section.,

The design tapacity for the South Plant was determined by disaggregating the
East System into North and South service areas. For present conditions,

actual plant flow records were averaged for the last three years, The records
indicated that 70 percent of the East System flows were treated at the North

Plant and 30 percent at the South Plant. To obtain the future split, the
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ultimate number of dwelling units in each service area was determined from the

Comprehensive Plan flexibility zones. Zones 73 and 74 were assumed to be
tributary to the North Plant. Zone 76 was assumed to be tributary to the

South Plant, except for the three pumping stations on University Drive, which
will continue to pump to the North Plant. Based upon these assumptions, 74
percent of the flow was estimated to be tributary to the North Plant and 26
percent to the South Plant in the year 2005. A linear rate of change was
assumed between the present 70/30 split and the 74/26 split in the year 2005.

The average annual daily flow (AADF) at the South Plant in the year 2005 was
calculated to be 1.4 MGD based upon the preceding assumptions. Therefore, the

South pumping station will be designed for a peak hour rating of 3.5 MGD, and
the capacity of the existing 16-inch force main was evaluated on that basis.

Hydraulic analysis of the 16-inch force main indicated that the veTocity in

the force main under design conditions would be 3.8 ft/sec, which is within
the acceptable range. Therefore, the existing 16-inch force main will be

sufficient to transport flows from the South Plant.

Combined Gulfstream/South Plant Force Main

The 8/12-inch force main from Gulfstream and the 16-inch force main from the
South Plant intersect at West Broward Boulevard and East Tropical Way to form
the combined Gulfstream/South Plant force main. This 20-inch main runs
parailel to the Holloway Canal to the North Plant for a distance of 7500
linear feet.

The design flow in the 20-inch line is 6.5 MGD on a peak hour basis, which is
the sum of the flows from the 8/12-inch and the 16-inch force mains. The

resultant velocity in the 20-inch line is 4.6 ft/sec, which falls within the
acceptable range. Therefore, the 20-inch main is sufficient to carry a por-

tion of the flows from Gulfstream, the three pumping stations along University
Drive, and the South Plant during the planning period.

5-5



5.4 PROPCSED TRANSMISSION FACILITIES

In the previous section, the existing transmission network was found to be
adequate to transport flows from the South Plant, the three pumping stations
along University Drive, and a portion of the flow from Gulfstream. An addi-
tional force main is required to transport most of Gulfstream's flow to the
proposed treatment plant.

The existing treatment plant at Gulfstream will be abandoned when the proposed
facility is built, and a pumping station will be constructed at that site.
For purposes of this report, it was assumed that the existing South Plant will
also be replaced with a pumping station. However, it may be possible to avoid
construction of the South Pumping Station by modifying the existing small
pumping stations in the South service area to pump directly into the existing
force main. The feasibility of this alternative will be thoroughly investi-
gated in the final design phase. The proposed pumping stations and force main
are illustrated on Figure 5-2 and described in the following paragraphs.

Proposed Gulfstream Force Main

The proposed location for the new Gulfstream force main is north from the
treatment plant to the C-12 Canal, east along the C-12 Canal to the Holloway
Canal, and then north to the plant site, for a total distance of 14,500 linear
feet. This route is more direct than the route of the existing force main
along West Broward Boulevard.

The total peak hour flow generated in the Gulfstream service area in the year
2005 will be 18.0 MGD., As discussed in the previous section, the existing
8/12-inch transmission main is capable of transporting 1.2 MGD of peak hour
flow. The remaining peak hour flow of 16.8 MGD must be served by the proposed
force main.

A computer program was used to determine the most cost-effective diameter for
the proposed transmission main. The following assumptions were made in this
analysis:



GULFSTREAMI|

-
‘ | PUMPING
| STATION

e — i —

2-59 34NSis3

e

PROPOSED !

I TREATMENT |
L _PLANT
— == -
I
— —— _30'FORCE MAIN _ _ __ __ _ k
I" C-12 CANAL
!
] .
| &
| z\,
J <
1z
INTERCONNECT ol
PUMP STATION xl2
w
" L1} :0
8" FORCE MAIN L 12" FORCE MAIN ¥

WEST BROWARD BLVD.

16" FORCE MAIN
EAST TROPICAL WAY

.

| souTn
PUMPING |
STATION

0] 2640 5280

SCALE IN FEET

PROPOSED WASTEWATER
TRANSMISSION FACILITIES

— EXISTING FACILITIES
— —— PROPOSED FACILITIES

CDM.

ol Aamdiad
L4

e an > Condyiting



Construction cost of 30-inch diameter pipe = %75 per linear foot.
Roughness coefficient: C = 120.

Planning period = 20 years.

Total Overall Efficiency (pump and motor) = 50%.

Energy Cost = $0.07 per kilowatt hour.

Peaking Factor = 2.5.

Interest Rate = 10%.

o O O O o O o

The results of the analysis indicated that a 30-inch pipe is the most cost-
effective selection for the Gulfstream force main. This sizing results in a
velocity of 5.35 ft/sec in the pipe, which is within the acceptable range,

Gulfstream Pumping Station

The existing treatment plant at Gulfstream will be converted to a pumping
station when the proposed treatment facility is constructed. As discussed in
the previous paragraphs, the design flow for the Gulfstream force main and
pumping station is 16.8 MGD.

Figure 5-3 illustrates the proposed layout of the Gulfstream Pumping Station.
The station facilities include a wet well and a pump room with three pumps,
one of which operates as a standby unit. Individual rooms are provided for
odor control equipment, chemical storage, the transformer, the diesel
generator, and the pumping station controls,

Pump Selection. In order to select appropriate pumps for the station on a

preliminary basis, primary and secondary system curves were developed for the
proposed force main. The primary condition was represented by the head loss
in 14,500 linear feet of 30-inch pipe at a C-factor of 100, with a static head
of 20 feet. The secondary condition was developed similarly using a C-factor
of 140.

The system curves for the force main, as well as the pump curves for the select-
ed pump, are illustrated in Figure 5-4. Two Model 18530 pumps manufactured by
the Clow Corporation were selected for this application. During Phase I, the
pumps will be supplied with 22-inch impellers and 150-HP motors. As seen on
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Figure 5-4, the primary operation point of the 22-inch installation with one
pump in operation is 7200 gpm at 48 feet of head. This size will be suffic-
fent until time for the Phase II improvements, at which point the impellers
will be replaced with a 27-inch size and 250-HP motors will be required. As
seen in Figure 5-4, the intersection of the primary system curve with the pump
curve for two pumps in parallel indicates a primary operation point of 11,700
gpm (16.8 MGD) at 86 feet of head.

Pump Control System. Pump drives may be classified into three general groups:
constant-speed, multi-speed, and variable-speed. Selection of a pump control

system 1is governed by the factors of cost, performance, simplicity, and
dependability,

Variable-speed drives are recommended for this application due to the diurnal
flow variations that will occur at the pumping station and due to the large
volume of storage required for constant-speed operation. Although a variable-
speed system is more expensive than a constant-speed operation, the perform-
ance characteristics are a definite advantage. The system can be designed
such that good pump efficienices may be maintained even during low influent
flow rates. In addition, variable-speed pump control equipment has demon-
strated good performance and reliability,

Three general classifications of variable-speed drives are wound-rotor induc-
tion, fluid cbup]ing, and s1ip coupling., The slip coupling, or eddy-current
coupling, was selected for this application due to its simplicity in design
and operation and the reduced complexity involved in maintenance.

The eddy-current coupling is an electromechanical torque-transmitting device
installed between a constant-speed motor and a pump to obtain adjustable-speed
operation. The device resembles a motor in appearance. A constant-speed
input shaft is connected to the motor, while the output shaft is connected to
the load. The input and output members are mechanically independent, with the
output magnet member revolving freely within the input ring or drum member.
An air gap separates the two members and a pair of anti-friction bearings
maintains their proper relative position. The magnet member has a field wind-
ing which is excited by direct current, resulting in eddy currents in the
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ring. The interaction between these currents and the magnetic flux develops a
tangential force tending to turn the magnet in the same direction as the
rotating ring. The net result is a torque available at the output shaft for
driving a load. An increase or decrease in field current will change the
value of torque developed, thereby allowing adjustment of the load speed.

Standby power. Provision of an emergency power supply is necessary in order
to maintain operation of the pumping station during an outage of the primary
power source. Standby power can be provided by an independent public utility

when available, by direct connection of a gasoline or diesel fuel engine to

the pumps, or by an electric generator.

For this application, the option of a diesel engine driven generator set was
selected., A 600 kilowatt (kw) standby generator set is sufficient for the
pumping station's power requirements.

Odor Control. The odor of fresh wastewater is faint and not necessarily ob-
jectionable, As the dissolved oxygen in wastewater is depleted, however,

anaerobic conditions are created, When the wastewater is putrified by
anaerobic bacteria, foul-smelling gases start to form. If the anaerobic
condition exists for an extended period, the wastewater will become septic.
Bubbles of gas may rise to the surface, and black scum may be present. Two
methods of controlling these odors are in-line treatment to prevent the
formation of odors, and air-scrubbing at the pumping station to remove odorous
substances.

Although other methods of in-line treatment such as ozone, Odophos, and
hydrogen peroxide will be investigated as possible methods of in-1ine
treatment during the detailed design phase, past studies and experience
indicate that chlorine is the most cost-effective method. Chlorine 1is
effective in odor control because it is a strong oxidizing agent and an
effective 'bactericide. The point of application should be at a sufficient
distance upstream of the pumping station to permit effective mixing with the
wastewater prior to release of the sulfide gas. To avoid the risk of possible
release of chlorine gas to the atmosphere, in-line treatment is normally
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performed 1in force mains rather than in gravity flow sewers. Chlorine is
injected directly into the force main through a diffuser, and it is necessary
that the main be full of liquid at all times.

Air scrubbing, or absorption, is one of the more effective and economical
methods of odor control once the odorous gases have been released into an
enclosed area, such as a wet well. Odor scrubbers are designed to remove
odorous constituents by dissclving them in a liquid, by chemical combination,
or by chemical absorption. During the process, some odorous particulates will
also be removed. The scrubbing medium is water with a chemical additive.
Potassium permanganate solution and sodium hypochlorite are commonly used.
Some of the odors that may be removed are hydrogen sulfide, mercaptans, sulfur
dioxide, ammonia, and some organic¢ compounds.

For proper odor control, adequate contact time between the gas and scrubbing
medium must be provided to allow interphase diffusion of the gases being
absorbed. Equipment that is used to provide the required contact time in-
cludes spray chambers, jet scrubbers, venturi scrubbers, packed towers, or
tray towers. Because of its relatively low pressure losses, the packed tower
currently is the most commonly used type of scrubbing equipment.

In summary, both in-Tine treatment and air scrubbing are viable methods of
odor control. A combination of both methods is recommended for the proposed

Gulfstream pumping station.

South Pumping Station

The South Piant will be abandoned when the proposed treatment facility is
constructed. The South Pumping Station will be built on that site with a peak
hour design flow of 3.5 MGD in the year 2005,

Figure 5-5'i]1ustrates the proposed layout of the South Pumping Station. The
configuration of the station is similar to that proposed for the Gulfstream
facility, but on a smaller scale. Two wastewater pumps are provided, with one
of those to operate as a standby. The pump room also houses the pump station
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controls, ana a separate room is provided for the diesel generator set. The
electric transformer and the diesel fuyel storage tank are detached from the
main station building,

Pump Setlection. Primary and secondary system curves for the South force main

appear in Figure 5-6, The primary system curve was based upon 7000 1linear
feet of 16-inch pipe and 7500 linear feet of 20-inch pipe with a C-factor of
100. A static head of 20 feet was assumed. The primary condition was de-
veloped on the assumption that a peak flow of 3.0 MGD enters the transmission
system from the 8/12-inch force main. The secondary condition is based upon
the assumption that the South Pumping Station is cperating by itself, and
there is no flow contribution from the Gulfstream 8/12-inch force main. Two
secondary curves were developed, for C-factors of 100 and 140, respectively.

For this application, one Model 8518 pump manufactured by the Clow Corporation
was selected. The intersection of the pump curve with the primary system
curve indicates a primary operation point of 2400 gpm (3.5 MGD) at 99 feet of
head,

Pump Control System. A variable-speed drive with an eddy-current coupling is

recommended for the South Pumping Station. The reasons for this selection are
the same as for the Gulfstream facility, and they were enumerated in the
previous section,

Standby Power. A diesel engine driven generator set is recommended for the
South Plant as an emergency power source. A 200 KW unit is sufficient to meet

the station's power requirements.

Odor Control. Similar to the Gulfstream facility, odor control by in-line

treatment and by air scrubbing is recommended for the South Pumping Station.
Although odor control facilities are not integrated into the station building
shown on Figure 5-5, the equipment will be housed adjacent to the station.
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SECTION 6
LIQUID TREATMENT FACILITIES

6.1 INTRODUCTION

This section describes, evaluates, and sets forth the design of the individual
process units required for the liquid treatment facilities. Based upon the
flow projections presented in Section 3, design criteria, equipment selection,
and typical drawings are developed for each process unit. Typical cut sheets
for equipment are included in Appendix A. The section is subdivided as
follows:

6.2 Process Selection

6.3 Bar/Filter Screens

6.4 Grit Collectors

6.5 Primary Clarifiers

6.6 Aeration Tank and Aeration Equipment
6.7 Secondary Clarifiers

6.8 Disinfection

6.9 Effiuent Pumping Equipment

Chapter 17-6 of the Florida Statutes requires a secondary level of treatment
for deep well disposal of effluent. Facilities must be designed to achieve an
effluent after disinfection on an annual average basis containing not more
than 20 mg/1 BOD and 20 mg/1 TSS, or 90 percent removal of each of these
pollutants from the influent wastewater, whichever 1is more stringent. Ad-
ditionally, discharge standards of 30/30 on a monthly basis, 45/45 on a weekly
basis, and 60/60 at any time are mandated. A properly operated secondary
treatment plant will achieve these effluent standards consistently.

Effluent standards for nitrogen and phosphorus removal are not required for a
deep well disposal system. However, nitrification 1is expected to occur,
because it is difficult to suppress at the high wastewater temperatures ex-
perienced in southern Florida. Limited phosphorus removal is expected because
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of biological uptake of soluble phosphorus. Total nitrogen and total
phosphorus in the effluent is expected to average about 25 mg/1 and 9 mg/1,
respectively.

The proposed treatment plant will be classified as a "Type I Facility" since
Chapter 17-6 defines this category as a wastewater facility having a design
average daily flow of 500,000 gailons per day or greater. Additionally, the
design will be based upon Class I reliability as described in the publication
by the Environmental Protection Agency entitled Design Criteria for
Mechanical, Electric, and Fluid System and Component Reliability.

6.2 PROCESS SELECTION

Based upon past experience, two alternative treatment schemes were considered
for the proposed treatment plant, conventional treatment and extended aera-
tion. A present worth analysis of the capital and operation costs was con-
ducted to determine the more cost-effective treatment scheme. Cost informa-
tion was obtained from the Environmental Protection Agency's (EPA's) publica-
tion entitled Innovative and Alternative Technology Assessment Manual. All

costs were updated by using an Engineering News Record (ENR) Construction Cost
Index of 4000, It was assumed that Phase I would be constructed in 1986.
Phase Il costs and annual operation and maintenance (0&M) costs were converted
to 1986 dollars. The two alternatives that were evaluated are outlined below.

The ‘“conventional treatment" altermative consisted of the following unit

processes:

0 Preliminary treatment - bar screening and grit removal.

0 Primary treatment.

o Conventional activated sludge system with mechanical aeration. Power
cost of full nitrification was added as a separate item.

Final clarification,

Chlorine disinfection.

Centrifuge thickening.

Two-stage anaerobic digestion.

o o o o o

Belt filter press dewatering,
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The "extended aeration" alternative consisted of the following unit processes:

0 Preliminary treatment - bar screening and grit removal.

0 Extended aeration - activated sludge process with cost of nitrifica-
tion included.

Final clarification.

Chlorine disinfection.

Centrifuge thickening.

o O o ©

Belt dewatering.

Table 6-1 1ists the unit processes for the two alternatives and their associ-
ated costs. The present worth of operation and maintenance (0&M) expenses of
the plant during the planning period is included as a separate item. Table
6-1 indicates that the cost of the extended aeration alternative is approxi-
mately 50 percent greater than that of conventional treatment. The convention-
al treatment alternative is clearly more cost-effective for the proposed
plant. Therefore, a more detailed analysis is not warranted in this case.

6.3 BAR/FILTER SCREENS

Bar/filter screens are utilized to remove large pollutants from the wastewater
stream.  This process unit primarily results in the removal of solids and
trash that may interfere with the downstream operation of treatment plant

equipment, such as pumps, valves, and mechanical equipment .

Reliability Class I criteria require a back-up bar screen. Additionally, a
plant with only two bar screens must have at least one bar screen designed to
permit manual cleaning. Therefore, two (2) units will be provided for the 10
MGD phase with each rated at the peak hour flow rate. Moreover, an emergency
by-pass channel will be incorporated into the structure, which will include a
manually cleaned bar rack.

The screening process operation will consist of two {2) continuous self-
cleaning bar/filter screens. Each screen will be capable of passing a maximum
flow of 20.8 MGD of wastewater. The system shall be capable of removing mis-
cellaneous suspended objects (screenings) greater in any dimension than 6 mm
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TABLE 6-1
PROCESS COST-EFFECTIVENESS ANALYsIs¢3)(P)

ULTIMATE 15 MGD PLANT SIZE

Unit Process

Preliminary Treatment

Primary Treatment

Conventional Secondary Treatment
Extended Aeration Treatment
Final Clarification
Chlorinatien/Disinfection
Centrifuge Thickening

Two-Stage Anaerobic Digestion
Belt Filter Press Dewatering
Operation and Maintenance

Power Cost of Full Nitrification

TOTAL

Present Worth of Costs in 1986,
Costs derived from EPA manual,
Assessment, updated to ENR = 4000.

(a)
(b)

Conventional

Treatment

$

890,000

340,000
840,000
2,020,000
1,490,000
370,000
710,000
1,150,000
330,000
4,740,000

$12,880,000

$

Extended
Aeration

340,000

5,450,000
2,400,000
370,000
860,000
270,000
9,740,000

$19,430,000

Innovative and Alternative Technology




(1/4-inch) from the wastewater stream. The fully-automatic, mechanical bar
screen shall be installed in a flow channel 4' - 0" wide X 5' - 0" high.

The screens will provide continuous dual filtration. The coarse filtration
will remove all material larger than 14 mm diameter while the fine filtration
shall remove all material larger than 6 mm diameter. The screened materials
and all other materials up to 7 inches in diameter will be automatically trans-
ported by the bar screen for deposit into screening containers.

Recommended design criteria for bar screens from five separate design manuals
are summarized in Table 6-2. As noted in the table, the design approach ve-
locity is 3 fps, the angle of inclination is 60 degrees from the horizontal,
and the bar width is 3/8-inch.

The preliminary design of the screens using the aforementioned criteria is
summarized in Table 6-3 and illustrated on Figure 6-1. Two bar/filter screens
will be provided for the 10 MGD phase, and one additional unit will be added
during the Phase II plant expansion.

6.4 GRIT COLLECTORS

Wastewater grit materials are characterized as inert and having a settling
velocity greater than organic solids. Materials falling into these categories
include particles of sand, gravel, and the nonodorous organics such as coffee
grounds and fruit seeds. Grit is removed from a wastewater system to protect
moving mechanical equipment from abrasion and abnormal wear; to reduce conduit
clogging caused by deposition of grit particles; and to prevent loading of
treatment works with basically inert matter that might interfere with the
operation of treatment units, such as silt in anaerobic digesters or aeration
tanks.

The wastewater treatment system must be designed to include grit removal com-
ponents to meet Class I reliability requirements. Therefore, two (2) units
will be provided at the peak hour flow rate,
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TABLE 6-2
BAR SCREEN DESIGN CRITERIA

Design Reference

Design Proposed
Parameter # 1 # 2 # 3 ¥4 # 5 Design
Bar Width

Size, {inches) ———— 1/4-5/8 1/4-5/8 ——— _——— 3/8
Clear Opening, 5/8- 5/8- 5/8- ——-- 3/4- 1/4
(inches) 1 3/4 3 3 2
Approach Velocity,
(fps) >1.25 2-3 2-3 ——— 1.3-3 3
Slope, (degrees 30- 60- 60- -— 45- 60
horiz.) 45 90 90 90
References:
#1 - Recommended Standards for Sewage Works ("Ten States Standards"),
Great Lakes - Upper Mississippi River Board of State Sanitary
Engineers, 1978 Edition.
#2 - Wastewater Engineering: Collection, Treatment, Disposal; Metcalf &
tddy, Inc., 1977.
#3 - Design Criteria for Subregional Wastewater Treatment Facilities,
Orange County, Florida; Camp Dresser & McKee Inc., 1982,
#4 - Process Design Manual for Upgrading Existing Wastewater Treatment
PTants, Environmental Protection Agency, October 1978.
#5 - MWastewater Treatment Plant Design, American Society of Civil

Engineers and the Water Pollution Control Federation, 1977.
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TABLE 6-3
PRELIMINARY DESIGN OF SCREENS

Number of Mechanical Screens (Phase 1) 2

Manual Screen By-Pass Channel 1

Type of Screens Aqua-Guard
Peak Design Flow 20.8 MGD
Channel Width 4 feet
Channel Depth 5 feet
Bar Spacing 1/4 inch
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The grit removal system will consist of two {2) "“Forced Vortex" type grit
coltectors which will be 16 feet in diameter. Each grit collector will be
capable of passing a maximum flow of 20.8 MGD of wastewater. The mechanism
will be capable of removing 95 percent of the grit greater than 50 mesh in
size and 65 percent of grit greater than 100 mesh in size.

The mechanisms will remove grit from the raw sewage by means of a variable
pitch propeller powered by a drive tube. Grit-type pumps will remove the
material from the storage hopper, and it will be dewatered in grit separators.

Figure 6-1 iltustrates the grit removal devices, and Table 6-4 summarizes the

pertinent design criteria. Two grit collectors will be provided initially,
and one additional unit will be added for the Phase II plant expansion,

6.5 PRIMARY CLARIFIERS

The objective of primary treatment is the removal and disposal of the settle-
able organic solids contained in the wastewater stream. Primary clarifiers

have the following advantages:

0 A decrease in quantity of secondary sludge produced.

¢ A decrease in BOD loading to secondary treatment process units.

0  Resultant reduction in aeration tank volume, oxygen requirements, and
solids thickening requirements.

0  Resultant energy conservation.

Class 1 reliability criteria require that there be a sufficient number of
units of a size such that with the largest flow capacity unit out of service,
the remaining units have a design flow capacity of at least 50 percent of the
total design flow to that unit operation. Therefore, two (2) primary clarifi-
ers will be provided with each rated at 50 percent of the design flow.

Table 6-5 summarizes the recommended design criteria for primary clarifiers
from five separate design manuals. The design surface loading rates for this
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TABLE 6-4
PRELTMINARY DESIGN OF GRIT COLLECTORS

Number of Units (Phase I) 2

Peak Design Flow 20.8 MGD
Type Pista
Diameter 16 feet
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Design
Parameter

Surface

Loading, (gpd/ftz)
Average Flow
Peak Flow

Depth, (ft.)

BOD Removal,
(%)

SS Removal,

(%)

TABLE 6-5

PRIMARY SEDIMENTATION TANK DESIGN CRITERIA

Design Reference

Proposed
# 1 # 2 # 3 # 4 # 5 Design
1000 -—- 1000 800-1200  800-1000 1000
1500 1200 1500 2000-3000  «w-- 1500
-—-- -—-- - 10-12 8-10 10
30-35 ——-- 30 30-35 30-35 30
———- -—-- 50 50-60 50-60 50
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report are 1,000 gpd/ft2 and 1,500 gpd/ft2 for average flow and peak flow
conditions, respectively. BOD and 5SS removal will be assumed to be 30 and 50
percent, respectively.

Two (2) 80 feet in diameter clarifiers will be provided. Each clarifier shall
be of the under-floor, center-column feed and concentric weir overflow type.
A central drive mechanism shall support and rotate two attached rake arm
assemblies, Blades attached to the bottom of the rake arms shall be designed
to move sludge from the tank floor to a central sludge pocket where it shall
be removed by pumping.

The primary waste sludge pumps will be heavy duty, self-priming, positive
displacement, peristaltic type. The sludge feed pumps will be capable of
delivering 60 gpm while operating at 45 rpm and will be Model No. SP/65 manu-

factured by the Waukesha Pump Division.

Due to the high odor potential of primary clarifiers and the close proximity
of surrounding neighbors, the primary clarifiers will be covered using
aluminum, geodesic covers, An odor control system will be used to treat
odorous gases collected in the units,

Figure 6-2 illustrates a typical scraper-type primary clarifier. The proposed
primary sludge clarifier design 1is summarized in Table 6-6. Two primary
clarifiers will be constructed for the initial phase of the plant, and one
additional clarifier will be provided for the Phase II expansion.

6.6 AERATION TANK AND AERATION EQUIPMENT

An activated sludge process cultivates large populations of bacteria and other
microorganisms commonly found in the aquatic environment. The microorganisms
utilize the colloidal and soluble organic material found in wastewater as a
source of food and energy. The soluble material is thus converted to a form
which can be readily separated from the liquid phase by sedimentation.

The conventional activated sludge process will be utilized as the basis of
design. This process consists of aeration tanks, secondary clarifiers, and a
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TABLE 6-6

PRELIMINARY DESIGN OF PRIMARY CLARIFIERS

Number of Units (Phase I)
Diameter

Type

Sidewater Depth
Surface Area, each
Surface Loading
Average Flow
Peak Bay Flow
Settled Sludge Concentration
Waste Sludge Pumps
Rating, each

6-14

2

80 feet
Circular, Upflow,
Scraper Bottom

10 ft

5026 ft2

825 gpd/ft2
1403 gpd/ft°
3-5 percent solids

2
60 gpm



sludge recycle line. The flow model is plug flow with influent settled waste-
water and recycled sludge entering the head end of the aeration tanks. The in-
fluent wastewater and recycled sludge are mixed by the action of diffused or
mechanical aeration. Adsorption, flocculation, and oxidation of the organic
matter takes place while the mixed liquor flows down the length of the tank,
The mixed liquor is subsequently settled in the final clarifiers, and settled
sludge is returned typically at a rate of approximately 25 to 50 percent of
the influent flow rate.

Class I reliability criteria do not require a backup basin; however, at least
two equal basins must be provided. There shall be a sufficient number of
mechanical aerators to enable the design oxygen transfer to be maintained with
the largest capacity unit out of service. It is permissible for the backup
unit to be an uninstalled unit, provided that the installed unit can be easily

removed and replaced. However, at least two units must be installed.

Recommended design criteria for the conventional activated sludge system from
five separate design manuals 1is summarized in Table 6-7. The aeration tank
design criteria assumed for this design is a F/M ratic of 0.4 1bs BOD/lbs
MLVSS-day. This F/M ratio correlates with an SRT of 5 days. The design MLSS
is 2000 mg/1, and the design volumetric loading is 40 1bs BOD/1000 ft3. An
assumed tank depth of 12 feet and a hydraulic detention time of & hours will
be utilized for sizing of the aeration tanks.

The method for transferring oxygen to the mixed liquor for the purpose of this
report is by mechanical aerators. Pure oxygen aeration systems were not con-
sidered due to their complexity and labor intensive requirements. However,
during the initial design phase, the diffused aeration alternative should be
given further detailed evaluation.

Table 6-8 summarizes the design criteria for the mechanical aeration system.
The oxygen input requirement for the removal of carbonacecus BOD was de-
termined based upon the maximum day BOD loads. Due to the high wastewater
temperature experienced in South Florida, an additional oxygen requirement of
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TABLE 6-7
AERATION TANK DESIGN CRITERIA

Design Reference

Design Proposed
Parameter # 1 ¥ 2 # 3 # 4 #5 Design
Volumetric 40 20-40 20-40 20-40 20-60 40
Loading, 3
(# BOD/1000 ft~)

Detention, (hrs,} ---- 4-8 4-8 6-8 4-8 6
F/M,
(# BOD/#

MLVSS-day) 0.2-0.5 0.2-0.4 0.2-0.4 0.2-0.4 .15-0.4 0.4
SRT, (days) ———- 5-15 5-15 5-15 4-8 5
MLSS, 1000- 1500- 1500~ -———- 1500- 2000
(mg/liter) 3000 3000 3000 4000
Recycle, (%) 15-75 25-50 15-100 15-75 30-100 15-100
Depth, (ft.) 10-30 10-15 -—— _——— -—-- 12
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TABLE 6-8
MECHANICAL AERATION DESIGN CRITERIA

Standard Oxygen
Transfer Efficiency 3.0 1b/hp-hr

Actual Oxygen

Transfer Efficiency | 1.94 1b/hp-hr
Alpha 0.90

Beta 0.95

T 30%

Csw 7.5

CL 2.0 ppm

Max imum Day
BOD Load (Phase I) 17,660 1bs/day

Maximum Day
NH3-N Load (Phase 1) 3,288 1bs/day
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4.6 1bs O /1b ammonia-nitrogen oxidized was utilized for nitrification
demands. A dissolved oxygen (D.0.) concentration of 2.0 mg/1 was assumed for

design in the aeration tanks.

The resultant peak oxygen requirement was 29,664 1bs/day. Based upon the
design criteria in Table 6-8, a total horsepower of 650 is required. There-
fore, the two {2) aeration basins would each include one (1) 125 and two (2)
100 horsepower aerators. Since the oxygen demand decreases as the waste moves
along the tanks in a plug flow fashion, the 125 horsepower unit would be
installed at the head end of the tanks.

Figure 6-3 illustrates a typical mechanical aeration tank, and Table 6-9
summarizes the preliminary design of the aeration tank and aeration equipment.
Two (2) basins will be constructed and will include the installation of three
{3) mechanical aerators in each basin for Phase I. One identical aeration
basin will be added for the Phase Il plant expansion.

6.7 SECONDARY CLARIFIERS

Final sedimentation tanks are utilized to separate the settleable solids pro-
duced by the activated sludge process from the mixed liquor. Circular sedi-
mentation tanks frequently are called clarifiers.

For secondary clarifiers to meet the Class I reliability criteria, a design
flow capacity of at least 75 percent of the total design flow shail be met
with the largest unit out of operation. Therefore, four {4) units shall be
utilized in this design. '

Table 6-10 summarizes the recommended design criteria for final sedimentation
tanks from five design manuals. Secondary clarifiers are designed typicaily
on the basis of hydraulic and solids loading rates. This design report will
utilize hydraulic 1oad1ngs of 600 and 1200 gpd/ft and solids loadings of 15
and 40 1bs/day/ft2 for average and peak conditions, respectively. |

Four (4) seventy-five (75) feet in diameter sedimentation tanks will be
provided for Phase I. Each clarifier shall be of the under-floor, center
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TABLE 6-9

PRELTMINARY DESIGN OF AERATION TANKS AND AERATION EQUIPMENT

Number of Tanks {Phase I)
Size of Tanks, WxLxD
Total Aeration Tank Volume
F/M Ratio

SRT

MLSS

Volumetric Loading
Detention

Number of Aerators

Total Horsepower
Available Oxygen

6-20

2
68 X 188 X 12 (ft)
308,448 ft°

0.4

4.9 days

2000 mg/1

37 Tbs BOD/1000 ft°
5.5 hrs.

6

650 hp

30,264 bs/day



TABLE 6-10
FINAL SEDIMENTATION DESIGN CRITERIA

Design Reference

Design Proposed
Parameter # 1 # 2 # 3 # 4 #5 Design
Overflow 2
Rates, (gpd/ft )

Average -—— -—— 400-600  400-800 800 600
Peak 1200 1200 1000-1200 1000-1200 1600 1200

Solids Loading 2
Rates, (#/day/ft™)

Average ———— 14 8-30 20-30 -—— 15

Peak 50 30 40-50 <50 —— 40
Depth, (ft)
(71-100" di-

ameters) >12 >12 13 12-15 13 14
Weir Loading, 15,000 10,000~ ———— ———— 10,000- 22,000
(gpd/ft.) 30,000 30,000
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column feed and peripheral overflow type. A central drive mechanism shall
support and rotate four attached rake arm assemblies, which are complete with
rapid sludge removal uptake pipes, rake blades, and squeegees. Two of the
arms shalil contain the sludge removal uptake pipes that shall remove the
activated sludge to a collection box for return to the aeration tanks. The
other two arms shall have raking blades and squeegees and shall rake sludge to
a pocket in the center of the tank.

Return sludge pumps are needed to return settled activated sludge to the head
of the aeration tanks. The rate of sludge return expressed as a percentage of
the average plant design flow will be variable between 15 to 100 percent.

Three (3) horizontal, end-suction, volute-type, centrifugal, nonclog waste-
water pumps will be provided for outside installation. Each pump will be
rated at approximately 2900 gpm or a firm capacity of 8.3 MGD. The pumps will
be driven by an eddy-current adjustable speed drive. The pump design is based
upon Morris Pump Model No. 12 EC.

Figure 6-4 illustrates a typical rapid-sludge withdrawal secondary clarifier.
The proposed secondary clarifier design is summarized in Table 6-11. Four
secondary clarifiers will be constructed initially, with two additional units
to be provided as a part of the Phase Il plant expansion.

6.8 DISINFECTION

A1l wastewater treatment plants must be designed such that disinfection to
protect the public is provided. Chapter 17-6 of the FDER requires a basic
level of disinfection which shall result in not more than 200 fecal coliform
values per 100 ml of effluent sample. Where chlorine is utilized for disin-
fection, maintenance of 0.5 mg/1 minimum total chlorine residual after 15
minutes contact time at maximum daily flow or after 30 minutes contact time at
average daily flow, whichever is greater, is accepted as evidence that the
microbiological criteria will be met.

Class I reliability criteria require that with the largest flow capacity unit

out of service, the remaining units shall have a design flow capacity of at
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TABLE 6-11
PRELIMINARY DESIGN OF SECONDARY CLARIFIERS

Number of Units (Phase I) 4
Type Rapid Sludge Withdrawal
Diameter 75 ft.
Sidewater Depth 14
Effective Surface Area 15,831 ft2
Average Hydraulic
Overflow Rate 524 gpd/ft’
Peak Hydraulic
‘Overflow Rate 1,314 gpd/ft?
Average Solids
Loading Rate 12 1bs/day-ft2
Peak Solids
Loading Rate 33 1bs/day-ft2
Number of Return
Sludge Pumps 3 _
Pump Type Centrifugal (nonclog)
Rating, each 2,900 gpm @ 20 ft,
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least 50 percent of the total design flow. Therefore, two (2) equally sized
basins will be provided for Phase I.

Chlorine contact tanks are designed utilizing the "around-the-bend" type flow
pattern. Long, narrow sections with length: width ratios of 10:1 will inhibit
short-circuiting within the tank. The chlorine contact tank for this design
will have channels 5 feet wide by 50 feet long. To insure a detention time of

15 minutes at peak hour flow, six channels which are 10 feet deep will be
required.

Figure 6-5 illustrates a typical chiorine contact tank and Table 6-12
summarizes the preliminary design of the chlorine contact tanks. Two tanks
will be constructed initially, with one additional unit to be provided as part
of the Phase Il expansion.

The chlorination system will be sized for a total capacity of 25 mg/1 at the
design average flow. Therefore, the Phase I chlorination system will be rated
at 1730 1bs/day. The system will utilize ton containers since the average
daily demand is over 150 1bs.

Figure 6-6 illustrates a typical chlorine building. The following major
pieces of equipment will be included in the design:

0  Vacuum chlorinators (Pre-, Post-, and Standby)
Evaporators (On-line, Standby)

Automatic changeover system

Remote injectors

o o o o

Annunciator alarm panel

The chlorinators will be of the high capacity, vacuum operated, solution feed
type and shall automatically control chlorine gas feed in response to a 4-20
ma-DC flow signal proportional to influent flow. A manual adjustment shall be
provided to regulate dosage of chlorine during the flow pacing operation.
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TABLE 6-12
PRELIMINARY DESIGN OF CHLORINE CONTACT TANK

Number of Tanks (Phase I) 2
Size, Wx L x D 3¢ X 50 X 10 (feet)
Channel Width 5 feet
Length: Width Ratio 10:1
Detention Time
@ Peak Flow 15 minutes
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The evaporators will be electrically loaded and thermostatically controliled.
Liquid chlorine will be automatically vaporized at a rate controlled by system
demand .

An automatic changeover system for liquid chlorine will be supplied to trans-
fer from an exhausted source of chlorine to a standby source without interrup-
tion of chlorination. The control panel will include status Tlights, local

alarm, acknowledge button, and contacts for remote alarm.

Remote injectors will be provided and sized for the chlorine feed rate and
water pressure to provide operating vacuum for a solution feed, vacuum type
gas dispenser.  The injectors will normally shut off automatically. A
solenoid valve will be provided to start/stop the injectors remotely.

The atarm panel shall idnclude alarm Tlights, horn, silencer button, and
contacts for remote indication. The following alarms will be provided:

Low chiorine container weight

High pressure in liquid chlorine manifold
High/low evaporator temperature

Low evaporator water bath level

High evaporator gas pressure

Low chlorinator vacuum

O © O o o o

Chlorine leak detectors

6.9 EFFLUENT PUMPING EQUIPMENT

The effluent disposal system consisting of two deep wells is described in
detail 1in Section 8. The first phase (10 MGD) will include one 24-inch
diameter injection well and the second phase {15 MGD) will idinclude an
additional 24-inch injection well which will be in operation by 1991.

The design of the effluent disposal system will be based upon the maximum 24-

hour flow. Consequently, as developed in Section 3, the maximum 24-hour event
expected for the first phase is 14.1 MGD and 21.3 MGD for the second phase.
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Equalization Tanks

Storage tank volume must be provided to accumulate flows above the maximum day
fiow rate., This volume is normally equated to 10 to 20 percent of the average
daily dry weather flow. Therefore, an assumed total storage of fifteen per-

cent of the average annual flow for the 15 MGD phase must be provided. Two
(2) one million gallon storage tanks will be included with one tank being

constructed in each phase.

The storage tanks will be 90 feet in diameter and will have a side water depth
of 21' - 0", This combination of dimensions is the most economical in terms
of construction cost for this size structure. The tank will be a prestressed
composite concrete structure as manufactured by the Crom Corporation. The
tank will consist of a concrete foundation and floor slab, shotcrete core
walls with a steel diaphragm, pneumatic mortar, and a prestressed concrete
dome. Figure 6-7 illustrates a typical equalization tank.

The equalization basins will be designed as side-line units. In this type of
design, only that amount of flow above the maximum daily average is diverted

to the equalization basin. This scheme minimizes pumping requirements.

Transfer Pumping System

Transfer pumps will be mounted on the chlorine contact tank as shown on Figure
6-5. A four-pump design, three operating plus one standby with all pumps
being identical, will pump the treated effluent to the storage tanks. The
transfer pump system will consist of sihgle-stage, above-base discharge,
vertical turbine pumps. The pumping units have been selected based wupon
curves presented by Byron Jackson Pump Division. The pumping unit used as a
standard of quality for design is Model 12" - HQR-H operating at 1770 rpm.
Each pump 1is rated at 2300 gpm at 25 feet. Constant speed motors to be
utilized for the transfer pumps will be rated at 25 horsepower and 1770 rpm.
Figure 6-8 illustrates graphically the system design. Three of the four
transfer pumps will be supplied under the Phase I construction program to meet
system demands.
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Effluent Pumping System

The effluent pumping system is based upon the following three main design

operating conditions:

0 10 MGD Phase with one deep well in service.

0 15 MGD Phase with two deep wells in service.

0 15 MGD Phase with one deep well in service and one deep well out of
service.

In order to achieve these widely ranging operating conditions, a two-speed,
variable-speed pumping system is proposed. This operating scheme will ensure
reduced capital and operating costs.

The effluent pumps will be mounted on the chlorine contact tank as shown on
Figure 6-5. A six-pump design with five operating and one standby pump will
meet the maximum day demand. The effluent pumps will be three-stage, above-
base discharge, vertical turbine pumps. The pumping units have been selected
based upon curves presented by the Byron Jackson Pump Division. The pump unit
used as a standard of quality for design is Model 17 HQ-H. Each pump is rated
at 3000 gpm at 154 feet at a full speed of 1170 rpm.

Figure 6-9 illustrates graphically the effluent pump system design. The first
design condition of 21.3 MGD with two wells in service is met with three pumps
on-Tine at 975 rpm, which is 83 percent of the high speed of 1170 rpm. The
second design condition of 14,1 MGD with one well in service is met with three
pumps on-line at 1065 rpm, which is 91 percent of the high speed of 1170 rpm.
The third design condition of 21.3 MGD with one well in service is met with
five pumps on-line at 100 percent of the high speed of 1170 rpm. Flows below
approximately 6000 gpm may be served by one or two pumps operating at a
percentage of the full low speed of 940 rpm. Four pumps plus one standby will
be supplied under the Phase I construction program to meet system demands.
One additional pump will be supplied during the Phase II plant expansion.

The motors will be two-speed squirrel cage induction motors rated at 200 horse-
power each. The type of variable-speed drive used for the effluent pumps will
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be the "magnetic clutch" or "eddy current" coupling. The selection of this
type of drive was based upon its comparatively Tow first cost, efficiency,
ease of maintenance, and low maintenance costs. The drives will be sized for
maximum efficiency by a minimum slip loss of 2-3 percent of full speed., The
lower speed, 940 rpm, is approximately 80 percent of the high speed of 1170
rem.  The general design concept is not to allow the slip speed (the differ-
ence between the drive input speed and the drive output or pump speed) to
exceed 25 percent of the drive input speed. This concept is based upon the
fact that the maximum energy loss due to slip occurs at the two-thirds point
or 67 percent of full speed, Significant energy savings can be realized if
the minimum pump speed is maintained above the 67 percent speed peoint. As can
be seen on Figure 6-9, the pumps in this design in combination with magnetic
drives utilizing two-speed motors, would operate at speeds greater than 75
percent of each motor speed,

Fine Screening of Effluent

Fine screening of the effluent is contemplated for deep well disposal. Screen-
ing of occasional carry-over is recommended as a preventive measure against
clogging and blinding of the geologic formation.

Autcomatic, self-cleaning pipeline strainers will be utilized as the basis of
design. Model No. 593 as manufactured by Zurn will be specified in the 24-
inch size. The self-cleaning strainer is basically a multi-basket strainer
with an integral backwash system. Normal flow is continuous, and a portion of
the 1iquid being strained is used to carry the concentrated debris away from
the strainer.

Surge Protection

As developed in detail in Section 8.6, adequate surge or water hammer protec-
tion must. be 1incorporated into the design of the effluent pumping system,
Surge relief valves will be provided of the sewage surge relief elbow type.
The valve will be based on the G.A. Industries Model No. 200C. The valve
shall be normally closed and shall open when the system pressure exceeds the
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pump shut-off pressure by 10 percent. As pressure returns to normal, the

valve shall close slowly. The discharge from the valve shall empty into the
chlorine contact tank.
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SECTION 7
SOLIDS TREATMENT FACILITIES

7.1 INTRODUCTION

Regulatory control of wastewater treatment residuals exists on the Federal,
State and local levels. Existing regulations have evolved through the years
to the current position that encourages resource recovery of wastewater solids.

The FDER has issued draft regulations that will govern the treatment and dis-
posal of sludge. The draft regulations will be incorporated into Chapter 17-7
of the Rules of the FDER. The regulations propose a grading concept. The
present predraft regulations classify sludge as Grade I, II, or III depending
on its chemical and physical constituents. The proposed grading criteria are
shown in Table 7-1. Based upon the proposed criteria and the expected charact-
eristics of the service area sludge, wastewater solids are expected to fall
under either a Class I or Class Il FDER classification.

This section describés, evaluates, and designs the sludge treatment process
units., The section is divided into the following subdivisions:

7.2 Sludge Design Criteria

7.3 Alternative Analysis

7.4 Centrifuge Thickening

7.5 Anaerobic Digestion

7.6 Belt Filter Press Dewatering

Based upon the design criteria, two alternatives for sludge treatment were
evaluated on a present worth economic basis. A preliminary design, equipment
selection, and layout of process units were developed for the preferred sludge
treatment alternative.
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TABLE 7-1
SLUDGE GRADING CRITERIA

SLUDGE GRADE

Parameter 1 I1 111

1. Chemical Criteria

- Cadmium, (mg/kg) < 30 < 100 > 100

- Copper, {mg/kg) < 900 < 3,000 > 3,000

- Lead, (mg/kg) < 1,000 < 1,500 > 1,500

- Nickel, (mg/kg) < 100 < 500 > 500

- Zinc, (mg/kg) < 1,800 < 10,000 > 10,000

2. Physical and Pathogenic
Criteria

- Stabilization Required Required Not Required

- Dewatering Not Required Not Required Required for Sludge
- Disinfection Required for  Not Required Not Required

processed and
composted do-

mestic sludge

Source: Predraft No. 9 (January 11, 1383) Part IV FAC 17-7.53 (3).



7.2 SLUDGE DESIGN CRITERIA

An estimate of the quantities of wastewater solids has been developed in order
to evaluate alternatives and to size process units for the preliminary design.

Solids production estimates presented are based on criteria discussed herein
and criteria listed in previous sections. Future solids quantities were
estimated incorporating existing data and trends. Sludge production gquanti-
ties are reported on an average day basis and on a maximum 30-day basis. The
latter is used as design criteria for sizing sludge treatment and disposal

processes.
Estimated sludge production was based upon the following criteria:

o Projected flow, BOD, and SS loads presented in Section 3.

o Effiuent quality based on providing a minimum of secondary treatment
for deep well disposal.

0 Primary sludge production is based on 50 percent removal of suspended
solids.

0 Secondary sludge production is based on 30 percent removal of BOD in
the primary clarifiers,

0 Secondary sludge production is based on 0.68 pounds of total waste
solids per pound of BOD removed for the activated sludge process.

0o Volatile solids content of the sludge is based on 65 percent for
primary sludge and 75 percent for waste activated sludge.

Table 7-2 summarizes the sludge production estimates. The average day sludge
productions are utilized in developing projected operation and maintenance
costs. As noted earlier in this section, the maximum month figures are
utilized in sizing process equipment, Therefore, the design sludge quantities
are 18,200 1bs/day and 28,200 1bs/day for the Phase I and Phase II facilities.
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Average Day, 1bs/day (tons/day)

TABLE 7-2
SLUDGE PRODUCTION

Primary
Waste-Activated

Total

Maximum Month, 1bs/day (tons/day)

Primary
Waste~Activated

Total

T4

Phase |
{10 MGD)

7,400 (3.7)
6,000 (3.0}

13,400 (6.7)

10,400 (5.2)
7,800 (3.9)

18,200 (9.1)

Phase II
(15 MGD)

11,500 (
9,300 (

- -
o ~J

o |,

20,800 (10.4 )

16,100 ( 8.05)
12,100 { 6.05)

28,200 (14.1)



7.3 ALTERNATIVE ANALYSIS

Several options for the ultimate disposal of sludge were considered. These

options included:

o Landfilling
o Composting
0 Land Application

Landfilling

The potential to landfill dewatered sliudge exists at the Broward County North
District Landfill., The Broward County Water and Wastewater Division will own
and operate a landfill that will accept stabilized dewatered sludge from the
North District Regional Wastewater Treatment Plant (NDRWWTP). The landfill is
presently projected to be in operation during the last quarter of 1984. It is
designed for twenty years of operation and is intended to serve all the Large
Users of the NDRWWTP.

Advantages associated with using the NDRWWTP landfill are as follows:

0 Introduction of the Plantation Region in the user base would decrease
the unit cost of disposal to users.

o The 1landfill site has been purchased; therefore, no land purchase
and/or site acquisition would be needed,

0 An environmental assessment of the landfill operation has been con-
ducted. Adverse impacts from this operation are considered minimal.

Disadvantages of including the Plantation Region as a user of the North Region
landfill are:

o Landfill Tife would be shortened.

o The 1landfill Jocation is in excess of thirteen miles from the
Plantation North Wastewater Treatment Plant. Hauling costs will be
high due to the significant distance.
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0 Implementation of this alternative is possible but will be difficult
in light of the fact that landfill life is decreased to other users.

Costs used for estimating landfilling costs were obtained from the May 1980
"Solid Residuals Disposal Phase I Design" report prepared by CDM. In that
report a unit cost of $15.30 per wet ton of sludge at 40 percent solids was
calculated for the combined capital and 0&M cost. Escalating this unit cost
by the ENR Construction Cost Index of 4,000 and converting to a dry weight
basis results in an updated unit cost of $48.74 per dry ton.

Comgosting

Composting 1is an age-old degradation process in which aerobic thermophilic
microorganisms reduce organic matter (i.e., volatile wastewater solids) to
humus-like consistency. This process may be employed on primary solids, waste
biological solids, or mixtures of primary and waste biological solids, either
digested or undigested. The composting process rapidly generates excess heat ,
raising the temperature of the material to 55 to 80°¢C (130 to 1750F). The
heat hastens the rate of decomposition, evaporates moisture, and effectively
destroys or inpactivates most pathogenic microorganisms and parasites. This
stabilization of the wastewater solids not only reduces pathogens but also
produces an organic material which can be utilized as a soil conditioner for
land application in both urban and rural locations.

In general, composting by any of the available methods consists of the follow-
ing sequential steps:

0 Mixing - Dewatered solids (typically 80 percent water) are mixed with

a drier bulking material such as wood chips, sawdust, previousty

'composted material, or shredded and sorted municipal refuse to obtain

an optimum moisture content (approximately 60 percent) and to facili-
tate ventilation of the mixture.

¢ Composting or decomposition - The mixture is placed in piles or in

mechanical reactors and allowed to decompose. The rate of decomposi-

tion of the mixture and the effectiveness of the pathogen kill may be

maximi-zed by optimizing the oxygen, nitrogen, organic material,

7-A



temperature, moisture content, and bacteria present. Aerobic condi-
tions, between 5 and 15 percent oxygen, can be maintained throughout
the mixture by forced aeration or mechanical agitation., Maintenance
of high temperatures (greater than 5500) can be assured by proper
pile geometry or mixture enclosures. Initial moisture content can be
optimized in the preceding mixing step.

0 Curing - The composted material is allowed to stand in piles to en-
sure complete stabilization (decomposition, pathogen kill, etc.), and
to allow for drying of the material.

0 Screening - Recyclable bulking materials and/or unwanted refuse are
removed from the cured solids prior to storage and/or distribution of
the final composted product.

0 Storing - The product may be stored awaiting distribution.

The length of time required for the complete composting process depends upon
the composting method utilized, the climatic conditions, and the characteris-
tics of the wastewater solids being composted.

Composted wastewater solids are an excellent source of organic matter and thus
an excellent soil conditioner. The addition of composted materials to soils
will improve soil physical properties by increasing water content and reten-
tion, enhancing aggregation, increasing .soil aeration, improving permeability,
increasing infiltration, and reducing surface crusting, Addition of compost
to sandy soils will increase the soil's ability to retain water. In heavy-
textured clay soils, the added organic matter will idncrease permeability to
water and air, and increase water infiltration into the soil profile, thereby
minimizing surface runoff. In turn, these soils will have a greater water
storage capacity to be utilized for plant growth. Addition of compost to clay
soils has also been shown to reduce compaction (i.e., lower the bulk density)
and increase the rooting depth.1

1Epstein, E., “Composting Sewage Sludge at Beltsville, Maryland," not dated.
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Concerns often arise when sludge composting is discussed with relation to the
occupational and health aspects of microorganisms associated with the process,
Both primary and secondary pathogens are present in wastewater sludge and in
the sludge composting process. Primary pathogens are microorganisms that can
initiate an infection in apparently healthy individuals. Secondary pathogens
typically cause disease in humans with a compromised health condition. In
addition, some microorganisms are capable of causing allergic reactions which
may lead to chronic disease.

One of the most extensively studied secondary pathogens associated with com-
posting is Apergillus fumigatus, a fungus which grows at high temperatures
(over 45°C) and uses decaying organic matter as a food supply. This micro-
organism is present in the general environment from such sources as household
dust or potting soils and mulches. Since Aspergillus fumigatus has been found
in relatively high concentrations in the composting process, it is an organism
of some health concern. The microorganism is capable of causing an allergic
reaction, characterized by difficulty in breathing, nausea, and fever begin-
ning 4 to 6 hours after exposure, or it can act as a secondary pathogen which
causes apergillosis, an invasive lung disease. However, an infection caused
by Aspergillus fumigatus is generally concomitant with the presence of a
debilitating disease such as emphysema, diabetes, asthma, leukemia, or
tuberculosis, In addition, certain common therapeutic measures, such as
immunosuppressive drugs, corticosteroids, and radiation therapy may increase
the risk of aspergillosis.

In outdoor operations, spores disperse readily into the ambient air.
Indications are that exposure has to occur in enclosed spaces in order to
concentrate the spores to a level which will provoke reaction in the small
proportion of the population which is susceptible.2

2E&A Environmental Consultants, Inc. "Newsletter," April - June 1983, Volume
3, Number 2,
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The three alternative methods of composting of wastewater sludge are the
following:

0 Windrow
o Static Pile
0 Mechanical

Only the mechanical reactor method of composting has been evaluated economical-
ly, because of space limitations at the proposed plant site and because the
windrow method has proven to be a poor neighbor due to odors. The mechanical
reactor is a suitable option if there is a need to house the entire composting
operation, or if space limitations are evident.

The Taulman-Weiss system is a proprietary system which uses enclosed vessels
for composting of sludge, Generally, three reactors are used. The Bio-
reactor is used for composting the sludge. The compost is held in the Bio-
reactor from twelve to fourteen days. From there it is cured in a separate
reactor. A carbonaceous material storage silo is also provided to provide
controlied storage of the bulking material.

The necessary oxygen for the composting process is provided by using air
supply blowers and exhaust fans. The oxygen concentration of the process is
controiled to ensure optimum conditions. Also monitored are temperature and
moisture content., Exhaust air is released underwater in the aeration tank to
remove microorganisms such as Aspergillus fumigatus from the air.

The Bio-reactor contains a screw conveyor at the bottom of the tank that
rotates around the tank's axis. This acts as an outfeed device for the com-
post. The system is designed for top feeding of dewatered sludge, As the
sludge moves in a plug flow manner down towards the outfeed device, it
achieves the proper environment to render a stable humus-like by-product.

The Tauiman-Weiss system is totally enclosed and quite compact compared to the
Open air composting system. The operation and maintenance costs of the system
are reasonable due to the decrease in labor requirements for operation of an
essentially automated system. Capital costs, however, are higher than the
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conventional static pile method. Because of the limited area available at
some sites, this system offers an attractive alternative to open air
composting,

Land Application

Land application of 1liquid wastewater sludge was initially considered for
ultimate disposal of sludge but ruled out for further consideration as a long-
term disposal option. Several reasons contributed to this decision, which
include the following:,

¢ land application is a land intensive operation. Due to land develop-
ment pressure, land purchase would be costly.

0 Open tracts of land are located in the western sectors of the study
area. Only sparse areas have suitable characteristics for Tland
application, Costly site preparation and management will be needed
in most of the available area.

There are many private contractors which haul studge to permitted sites.
Liquid sludge (<10% solids) is more readily accepted because it can be easily
applied to the 1land, although dewatered sludge 1is accepted by some. Use of
this method of disposal relieves a municipality of having to find a disposal
site, construct facilities for ultimate disposal or utilization, and operate
and manage the facilities.

A major disadvantage is the lack of assurance associated with the operation.
Interruption of service due to any possible reason will renew the problem of
what to do with the large quantities of sludge generated each day. Negotia-
tion of long-term contracts, including a performance bond, will eliminate some
of the risk associated with this operation, but some contingency planning
should be stressed if this option is used.

Cost-Effective Analysis

Based upon the above discussion, two alternative sludge treatment and disposal
trains were evaluated on a life-cycle cost basis. A present worth analysis of



the capital and operation costs was conducted to determine the more cost-
effective process train. Cost information was obtained from the Environmental
Protection Agency's (EPA's) publications entitled Innovative and Alternative
Technology Assessment Manual and Process Design Manual: Sludge Treatment and
Disposal. Costs associated with landfill disposal are presented herein. The
capital and 0&M costs for the composting system were obtained from the manu-
facturer. A1l costs were updated by using an Engineering News Record (ENR)
Construction Cost Index of 4000. It was assumed that Phase I would be con-
structed in 1986. Phase II costs and annual operation and maintenance (0&M)
costs were converted to 1986 dollars. The two alternatives that were
evaluated are outlined below.

The "conventional" treatment alternative consisted of the following unit

processes:
0 Centrifuge Thickening of Waste Activated Sludge
0 Anaerobic Digestion
0 Belt-press Dewatering (Digested)
0 Landfill

The "innovative" alternative consisted of the following processes:

o Centrifuge Thickening of Waste Activated Sludge
o Belt-press Dewatering (Raw)
0 Mechanical Composting

Table 7-3 1lists the unit processes for the two alternatives and their as-
sociated costs. The present worth of 0&M expenses of the processes during the
planning period is included as a separate item. Table 7-3 indicates that the
cost of the innovative alternative is approximately 13 percent greater than
that of conventional sludge treatment and disposai.

Evidence exists to show that the final compost product has a market value.
The success of a marketing program is contingent upon the ability of the
compost product to enter existing channels of soil conditioner distribution
and to establish new and creative channels of distribution based on marketing



TABLE 7-3

PROCESS COST-EFFECTIVENESS ANALYSIS

Unit Process

Centrifuge Thickening
Anaerobic Digestion
Belt-press Dewatering
Landfi1l Disposal
Mechanical Composting

Operation and Maintenance

Total

(Present Worth Dollars)

Conventional

$1,075,981
1,848,360
468,157
224,580

-

2,809,024

$6,426,102
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Innovative

$1,075,981

716,381

3,648,810

1,812,878

$7,254,050
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principles. A comprehensive marketing pilot program is needed to generally
introduce compost to the public in a metropolitan area and to further evaluate
price elasticity, market potential, seasonality of demand, and marketing
strategies.

Based upon the cost-effectiveness analysis presented in Table 7-3, a credit of
$17.86 per wet ton of product would be required for the innovative alternative
to be cost-effective. Based upon recent market surveys conducted by others,
this value of credit for the compost product could be obtained; therefore, the
innovative alternative should be given further detailed evaluation if this
regional plant proceeds to detailed design. Additionally, if the City cannot
obtain an executed agreement for disposal of sludge in the Broward County
1andfill at a reasonable tipping fee, then the composting facilities would be
investigated further, However, due to the uncertainties, the basis of design
for this report shall be the conventional sludge treatment and disposal
alternative.

7.4 CENTRIFUGE THICKENING

Sludges are thickened primarily to decrease the capital and operating costs of
subsequent sludge processing steps by substantially reducing the volume.
Thickening from one to two percent solids concentration halves the sludge
volume, Further concentration to five percent solids reduces the volume to
one-fifth its original volume.

The waste sludge from the primary clarifiers is expected to have a solids
concentration of 3-5 percent. Consequently, there is no need to thicken, and
this waste primary sludge will be fed directly to the primary digesters.
However, the waste-activated sludge is expected to range from 0.5 to 1.0 per-
cent solids concentration. Therefore, the waste-activated siudge will require
thickening.

Solid bowl centrifuges shall be the basis of design for the thickening unit
process.  The operation of a solid bowl centrifuge consists basically of a
rotating unit consisting of a bowl and a conveyor joined through a gear
system. The bowl and the conveyor are designed to rotate at slightly



different speeds, which conveys the solids toward the discharge end of the
bowl. The helical conveyor pushes the sludge solids collected at the wall of
the centrifuge towards the outlet part of the centrifuge at the conical end.
The 1iquid overflows at the opposite end of the bowl.

Class I reliability criteria require that a sufficient number of centrifuges
be installed to enable the design sludge flow to be dewatered with the largest
capacity unit out of service. However, if the equipment is sized based on
less than 24-hour per-day operation, extension of normal working hours can be
used to make up lost capacity.

The basis of design for the thickening centrifuges is the maximum month waste-
activated sludge loading. As noted in Section 7.2, the maximum month Toading
is 7,800 1bs/day of dry solids for the Phase I facilities. Assuming a feed
concentration of 0.75 percent, a feed rate of 0.125 MGD results. Based on an
operation of 5 days per week and 7 hours per day, a design-hydraulic loading
of 417 gpm is utilized for sizing of equipment.

The Sharples "Polymizer" solid bowl centrifuge was utilized as the basis of
design. Two (2) models PM-75,000 will operate at 210 gpm and 88 horsepower.
The expected performance for thickening of the waste-activated sludge is 4-6
percent solids with a capture rate of 85 percent. This performance can
probably be achieved without polymer; however, a standby polymer feed system
will be included in the design to improve recovery if necessary.

As indicated in Table 7-2, the average waste-activated sludge loading rate for
the Phase I design is 6000 1bs/day. If one of the two centrifuge units is out
of service, a resultant operational requirement of approximately 8 hours per
day for a full week is required. Since this temporary operational requirement
1s not excessive, a full standby centrifuge unit will not be installed. How-
ever, an additional unit will be required for the Phase II addition. Table
7-4 is a éummary of the preliminary design of the centrifuge thickening units.

The thickened waste-activated sludge will be conveyed by gravity to a thick-
ened sludge wet well directly beneath the centrifuge units. Thickened waste-
activated sludge feed pumps will feed the thickened sludge to the primary
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TABLE 7-4
PRELIMINARY DESIGN OF CENTRIFUGE THICKENING

Number of Units (Phase I) 2
Hydraulic Loading, each 210 gpm
Concentration of Unthickened STudge 0.5 - 1.0%
Concentration of Thickened Sludge 4 - 6%
Solids Capture, w/o Polymer 85%
Number of Thickened Waste-Activated Studge

Feed Pumps 2
Rating of Feed Pumps, each 16 gpm
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digesters. The pumps will be heavy duty, self-priming, positive displacement,
peristaltic type rated at 16 gpm. The pumps are based on Model No. SP/40 as
manufactured by Waukesha Pump Division.

7.5 ANAEROBIC DIGESTION

Anaerobic digestion will be utilized as the stabilization process unit which
is required for sludge to be landfilled. This process offers the following
advantages over other sludge stabilization process units:

Produces methane gas.
Reduces total sludge mass.
Yields a product with greatly reduced odor potential,

o o o ©

Inactivates pathogens,

A two-stage high rate sludge digestion process will be the basis of design. A
high rate process differs from the conventional system in that the solids
loading rate is much greater. These higher loading rates can be achieved by
improved mixing capabilities and increased heating requirements. The contents
of the digesters are heated and consistently maintained at a temperature of
95° F (350 C). The organisms that grow in this temperature range are called
mesophilic.

In the two-stage process, the first unit, or the primary digester, is where
the digestion of the volatile solids occurs. This process of digestion
kinetics is governed by two distinct groups of bacteria: facultative
anaerobic acid producers that convert carbohydrates, proteins, and fats into
organic acids and alcohols; and, anaerobic methane fermenters that convert the
acids and alcohols into methane and carbon dioxide. The second unit or the
secondary digester can successfully serve the following functions:

Thicken digested sludge.
Provide standby digester capacity.
Store digested sludge.

o o ©o o

Assure against short-circuiting.
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The key design parameter for anaerobic sludge digestion is the solids reten-
tion time (SRT). This parameter is the average time a unit of microbial mass
is retained in the system. The basis of design will be a minimum SRT of 10
days. This criteria must be met at the following critical periods:

0 Peak Hydraulic Loading - This design value 1is based on the maximum
month solids production rate, an 85 percent capture rate from the
centrifuge thickeners, and a digester feed solids concentration of 4
percent,

0 Grit and Scum Accumulation - The active volume of the digester tanks
will be reduced by four feet for grit deposit and two feet for scum
blanket.

0 Liquid Level Below Highest Level - Two feet of liquid level variabili-
ty will be retained to allow for differences in the rate of feeding
and withdrawal and to provide reasonable operational flexibility.

Class I reliability requires that at least two digestion tanks be provided.
Additionally, if mixing fis required as part of the digestion process, then
each tank requiring mixing shall have sufficient mixing equipment or flexibil-
ity in system design to assure that the total capability for mixing is not
Tost when any one piece of mechanical mixing equipment is taken out of service.

Based upon the design criteria outlined herein, two (2) primary digesters and
one (1) secondary digester with a diameter of 55 feet and a side water depth
of 25 feet will be provided for the Phase I design, One (1} additional 55
feet in diameter primary digester will be provided in Phase II. This design
s expected to achieve a volatile solids destruction of 50 percent. Addition-
ally, the methane gas provided from this process will be utilized to heat the
digester sludge. Moreover, excess methane gas could be scrubbed and stored
for utilization as an alternative fuel to power City vehicles.

One centrél]y located building will be provided to serve the four digester

tanks. This building will house three sludge heat exchangers, two sludge
recirculation pumps, two heated sludge pumps, and three transfer/digested
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siudge pumps for the Phase I design. One additional piece of equipment of
each type shall be added for the Phase II facilities. The pumps shall be of
the recessed fmpeller, centrifugal, solids-handling type.

Table 7-5 summarizes the preliminary design of the anaerobic digesters.
Figure 7-1 illustrates a schematic of the pumps, piping, and appurtenances for
the digestion complex.

7.6 BELT FILTER PRESS DEWATERING

Dewatering is the removal of water from wastewater solids to achieve a volume
reduction greater than that achieved by thickening. Dewatering sludge from 5
percent solids concentration to a 20 percent solids concentration reduces
volume by three-fourths and results in a non-fluid material. This substantial
reduction in volume is done primarily to decrease the capital and operating
costs of the subsequent sludge disposatl process.

The basis of design for the dewatering process unit shall be belt filter
presses.  This mechanical dewatering unit employs an endless moving belt to
dewater sludge continuously. The process consists of three basic operational
stages: chemical conditioning of the feed sludge, gravity drainage to a
non-fluid consistency, and compaction of the partially dewatered sludge.

The design loading of the belt filter presses for the Phase I design is in-
directly based upon the maximum monthly solids loading of 18,200 1bs/day as de-
veloped in Table 7-2. However, a 50 percent destruction of volatile solids is
expected during the digestion process. Therefore, the solids feed loading
rate expected to be dewatered is 12,000 1bs/day. Assuming a 5-day-per-week
and 7-hour-per-day operation, a solids loading rate of 2,400 1bs/hr is re-
quired. A typical solids handiing capacity of 600 1bs/hr.-meter is utilized
for design. Therefore, two (2) 2.0-meter belt presses are required to handle
the maximum month solids loading for Phase I.

The expected performance of belt filter presses varies because results depend
on many factors: type of sludge, quality of conditioning, pressure of rollers,
number of rollers, etc. However, with a feed concentration of 3-5 percent of
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TABLE 7-5

PRELIMINARY DESIGN OF ANAEROBIC DIGESTERS
PHASE T - 10 MGD

Number of Units (Phase I)
Number of Primary Tanks
Number of Secondary Tanks

Tank Diameter 55
Sidewater Depth (Max.) 25
Cover Type Floating
Active Volume, 2 Tanks 0.60 MG
Total Volume, 2 Tanks 0.89 MG

Design Solids Loading

Solids Loading at Peak Conditions with
Full Volume

Solids Feed Concentration

Detention Time at Peak Conditions

17,000 1bs/day

0.11 1b VSS/day/ft>

4%

with Active Volume 11.9 days
Detention Time at Average Conditions

with Full Volume 23.7 days
Detention Time at Peak Conditions

with Full Volume 17.4 days
Operating Temperature 95°F (35°C)
Volatile Solids Destruction 50%
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a mixture of digested primary and waste-activated sludge, a cake with a solids
concentration of 20-25 percent can be expected. Polymer addition will be
required at a rate of 5 to 10 1bs of dry polymer per ton of dry feed solids.
An overall solids capture of 95 percent can be expected.

Table 7-6 is a summary of the preliminary design of the belt filter presses.
Figure 7-2 is an iliustration of a typical belt filter press installation.
The dewatering building will include such items as the belt presses, polymer
system, cake conveyor system, and necessary appurtenances.

Class I reliability criteria require that a sufficient number of presses be
installed to enable the design sludge flow to be dewatered with the largest
capacity unit out of service. However, if the equipment is sized on less than
24-hour-per-day operation, extension of normal working hours can be used to
make up lost capacity.

The average day solids loading rate for the Phase I design is 8750 1bs/day.
If one of the two belt press units is out of service, a resultant operational
requirement of approximately 8 hours per day for a full week is required.
Since this temporary operational requirement is not excessive, a full standby
belt press will not be instailed. However, an additional unit will be re-
quired for the Phase Il addition.
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TABLE 7-6

PRELIMINARY DESIGN OF BELT FILTER PRESSES

Number of Units (Phase 1)
Size, each
Sludge type

Design Solids Loading,
each (2 units)

Operating Period

Concentration of
Feed Sludge

Concentration of
Dewatered Cake

Polymer Dose

Solids Capture

7-22

2
2.0 meter

Digested Primary/Secondary

600 1bs/hr-meter

5 days/week, 7 hours/day

3 - 5%

20 - 25%
5 - 10 1bs/ton

95%
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SECTION 8
DEEP WELL INJECTION

8.1 INTRODUCTION

Deep well injection of treated effluent into disposal we
regulatory and technical viewpoints providing that cer
ditions exist, A highly permeable, areally extensive ir
present so that large quantities of effluent can be disp
injection pressures. Secondly, the dinjection zone mus
saline water with a total dissolved solids (TDS) content
milligrams per liter (mg/1). Finally, the injection hor-
by lithologic units having an extremely low vertical p
injected fluids will not migrate and contaminate aquife
underground sources of drinking water. Aquifers def
Department of Environmental Regulation (FDER) as undergro
ing water {classifications G-I and G-II) contain water
tion of less than 10,000 mg/1. Regulation and permittir
are controlled under the FDER Rules, Chapter 17-28.

Geraghty & Miller, Inc. (G&M) was contracted by COM
to investigate the existence in the Plantation area of th
conditions outlined above. G&M produced an injection
entitled, "Preliminary Design of the Plantation Dis
Plantation, Florida", which 1is included herein as Ap-
responsible for the preliminary design of the 10 MGD pha
monitor system. (DM was responsible for the integratior
and 15 MGD phases, cost estimates, and related matters.
the G&M report are incorporated herein, This section
items:

8.2 Geology
8.3 Injection Well System
8.4 Regulatory Procedures



B.5 Noise Constraints
8.6 Well Operations
8.7 Summary

8.2 GEOLOGY

Peninsular Florida is underlain by a thick sequence of carbonate rocks. The
total thickness of these sedimentary rocks is in excess of 10,000 feet in the
southern portion of the state. The geclogic formations which are significant
in the disposal of treated effluent by injection wells in Broward County are
approximately 5,000 feet thick. A summary of the geologic formations and
their hydrogeologic significance in the design of the injection well system is
discussed in the following paragraphs.

General

The uppermost formations consist of alternating layers of sand, shell, clay,
coquina, limestone, and silt. These formations comprise the Biscayne aquifer.
This water table aquifer is the sole source of potable water in Broward
County. The thickness of the aquifer is approximately 200 feet in the City of

Plantation area.

Underlying the units which comprise the Biscayne aquifer is the Hawthorn forma-
tion. This unit primarily consists of a grey-green clay. The Hawthorn
formation is the aquiclude (confining sequence) separating the water table
Biscayne aquifer and the artesian Floridan aquifer. The Hawthorn formation is
present to a depth of 900 to 1,000 feet in the Plantation area.

The 1imestones of the Ocala group underlie the Hawthorn formation. The Qcala
Group forms the upper part of the Floridan aquifer. The water contained in
this aquifer is brackish (greater than 250 mg/1 chlorides); however, the
aquifer is classified as a G-II groundwater (less than 10,000 mg/1 TDS) and
must be protected from possible sources of pollution. The QOcala group is
anticipated to be apprdximate1y 100 feet thick in the central Broward County
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The Avon Paik and the Lake City limestone formations are similar in Tithologic
characteristics and are discussed together in this report. The distinction

between the units is academic. The rock types of these formations are lime-
stone and dolostone (dolomite). The formations consist of permeable and tight

{low or non-permeable) zones, which are considered confining beds, particular-
ly in the basal sections of the sequence. This sequence of limestone and
dolostone is approximately 1,400 feet thick extending to a depth of approxi-
mately 2,400 feet,

Underlying the Avon Park and Lake City limestone is the Oldsmar limestone.
The Oldsmar limestone consists of two distinct rock types. The upper section
is a fine grained, chalky, tight Timestone. The lower section is composed of
a dense, brown, crystalline dolostone, which is highly fractured and cavern-
ous. The importance of the Oldsmar limestone is that the upper limestone unit
acts as a confining bed, and the lower dolostone unit acts as the injection
horizon (zone} which contains water with TDS concentrations greater than
10,000 mg/1. This injection zone is known as the "“boulder zone" because of
singular drilling characteristics (as if drilling through boulders).

Underlying the Oldsmar limestone is the Cedar Keys limestone, which acts as
the lower confining unit to the Oldsmar injection zone. The Cedar Keys
limestone is comprised of dolostone and evaporites (gypsum and anhydrite beds)
and is estimated to be 1,000 feet thick.

Local Conditions

Local conditions are defined as those conditions existing in the study area.
The geologic units discussed in the previous section have been shown to be
areally extensive throughout southeastern Florida, based on previous studies
for injection well systems for the City of Fort Lauderdale and the City of
Margate. The information presented is considered to be representative of the
study area. This information was used as the basis for the injection well

design.

Based on the interpretation of the available disposal well data, the an-
ticipated geologic sequence in the study area is presented on Figure 8-1. The
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top of the lower unit of the Oldsmar limestone exists at a depth of approxi-
mately 3,000 feet. The test and operation data from this well demonstrate

that the highly transmissive injection zone exists. Above this zone, the
upper unit (confining beds) of the Oldsmar limestone exists to a depth of

approximately 2,500 feet. A cavernous dolostone is present from a depth of
2,100 to 2,270 feet. This zone contains saline water and can be utilized for
water quality monitoring purposes. Dense to chalky dolomitic limestones occur
from 2,100 to 1,400 feet, which function as confining beds separating the
saltwater zones and the brackish water zone. The Qcala group is present above
1,400 feet and contains potentially potable water between 950 to 1,150 feet.

This constitutes the upper portion of the Floridan aquifer,

The Hawthorn formation exists from 300 to 950 feet as the aquiclude between
the Biscayne aquifer and the Floridan aquifer. This unit prevents con-
tamination of the fresh water in the Biscayne aquifer with brackish water from
the Floridan aquifer,

8.3 INJECTION WELL SYSTEM

The design of the injection well system is based on a two-well system
implemented in a two-phase approach. The 10 MGD phase will consist of one
24-inch diameter injection well in operation by the year 1986, and the 15 MGD
phase will consist of a second 24-inch diameter injection well in operation by
the year 1991. The design of the injection well system will consider the
maximum daily flows for both the 10 MGD and the 15 MGD phases. Equalization
will be incorporated into the flow system so that flow in excess of maximum
day will be retained. Fach phase consists of drilling an injection well to a
total depth of approximately 3,500 feet to penetrate most or all of the

injection horizon. Both wells will be constructed in a similar manner.

Injection velocities and injection pressures (in feet of head and pounds per
square 1inch, respectively) were calculated for both phases far the average
annual, maximum month, and maximum 24-hour flow rates. Injection velocities
were calculated using the equation (Darcy—wiesbach-Co1ebrook):



L4085 x {gpm) (8.0)

Vv =
d2
where
V = velocity of flow, ft/sec
d = inside diameter of circular pipe, inches
gpm = injection rate

Injection pressures were calculated using the Hazen and Willjams equation,

rewritten in a convenient form:

ho=  _8.727 Q1.8 (8.1)
f D4.87 x L x C1

where
h, = friction loss, ft

D = 1inside diameter of pipe, ft

L = 1length of pipe, ft

Q = discharge, cfs

C, = coefficient, dependent on surface roughness

Conversion of the injection pressures from feet of head to pounds per sguare

inch was performed using the following equation:

pst = 773 (8.2)
where
psi = pounds per square inch
h = head, ft

Compensation for the density differential of "fresh water" and salt water is

given by:

3,000 x {1.025 - 1.00) (8.3)
75 feet of head

density differential



The velocity and injection pressures for each phase are shown in Table 8-1. A
single, 24-inch diameter well will accomodate the 10 MGD phase design flow of
14,1 MGD. Two 24-inch diameter wells will provide more than enough capacity
to accomodate the 15 MGD phase design flow of 21.3 MGD. The well head in-
jection pressure in one well at the rate of 14.1 MGD is estimated to be about
111 feet of head. The total pumping head in each well for the 15 MGD phase is
less than the 10 MGD phase assuming equal flow is diverted to each well. The
well head injection pressure for each well during the 15 MGD phase is es-
timated to be about 97 feet of head. The effiuent pumping system will be
capable of pumping the total 15 MGD phase (21.3 MGD) design flow down a single
well to provide emergency discharge in the unlikely eventuality that one well
should fail. The well head injection pressure at this rate will be 150 feet
of head and the injection velocity will be 11.4 fps (14,792 gpm). This
velocity exceeds the recommended velocity of 10 fps for raw wastewater
transmission lines. However, treated effluent is similar to fresh water and
the 11.4 fps is therefore not considered detrimental from a standpoint of well
integrity. The 11.4 fps velocity is a maximum peak day velocity which would
occur only over short periods and only in the eventuality that one well should
fail.

The injection well system will have back flushing capabilities for each well.
The back flushing procedure will be done on a routine basis during low flow

periods with the back flow being routed into the storage tank. This procedure
will enhance the longevity of the wells and reduce the possibility of the

formation becoming plugged.

The wells will be spaced approximately 300 feet apart. This spacing will be
more than adequate to provide working area for the second phase of con-
struction. The 300-foot spacing will also be sufficient to negate pressure
build up or interference between the wells when both are in operation,

Well Construction

The successful completion of a disposal well is dependent on the reliability
of the information collected during the test/production well drilling. The
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Flow

Average Annual
Maximum Month

Maximum Day

Flow

Average Annual
Maximum Month

Maximum Day

Flow

Average Annual
Maximum Month
Maximum Day

INJECTION PRESSURES FOR 10 MGD AND 15 MGD PHASES

TABLE 8-1

Rate

(MGD)

8.3
10.0
14.1

Rate

(MGD)

6.3
7.5
10.6

Rate

(MGD)

12.5
13.0
21.3

10 MGD PHASE

Velocity
{fps)

4.5

5.4
7.6

15 MGD PHASE(P)

Velocity
(fps)

3.4
4.0
5.7

15 MGD PHASE ‘C)

Velocity
(fps)

6.7
8.0
11.4

Head(a)

(ft)
89.3
94,7

111.4

Head(a)

(ft)
83.9
87.0
97.0

Head(a)
(ft)
104.3
115.7
150.0

Head(a)
(psi)
38.5
40.5
48 .0

Head(a)
(psi)
36.2
37.5
41.8

Head(a)
(psi)
45.0
49.0
64.6

(a) The heads reflect 75 feet density differential and bottom hole driving

pressure.

(b} Assumes equal injection rates for both wells.

(c} Rate assumes one of two wells is inoperable and all fluid is being
injected into one well,
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test/production well will incorporate the drilling of a test/pilot hole to
determine the exact depths of casings, monitor zones, confining beds and

injection horizons at the Plantation site.

The drilling of the test/pilot hole will involve two steps. During the first
step, the test/pilot hole will be drilled to a depth of 1,000 feet. Formation

samples will be collected at 10-foot intervals or at every formation change.
The information collected during this operation will define the depth of the

54-inch diameter conductor casing and the 42-inch diameter surface casing.

The second step of the pilot hole drilling will commence after the instalia-
tion of the 54-inch and the 42-inch diameter casings. Formation samples will
be collected as previously stated. Approximately eight formation cores will
be taken from 1,500 to 3,000 feet. Vertical and horizontal permeability

analyses will be performed on each core. Upon the completion of the
test/pilot hole drilling, geophysical logs will be run in the bore hole. The
geophysical Togging will include but not be limited to: single point electric,
gamma ray, temperature, flow meter, caliper, dual induction, neutron porosity,
and bore hole compensated logs. The information obtained from the geophysical
and geological logs will assist in the design of the straddle packer (a device
used to separate hydraulic zones in the bore hole) test program.

The test/pilot hole program will define the hydrogeologic properties of the
formations. The final selection of casing depths, monitor zones and injection
zones will be dependent on the information collected during the drilling. The
data will be collected and analyzed, and the construction monitored by a
trained hydrogeologic and engineering staff to ensure the proper construction
and testing of the well. These activities will require full-time, on-site
inspection by hydrogeologists during all phases of well drilling.

The test/production well for each of the 10 MGD and 15 MGD phases will be
drilled by conventional mud rotary methods through the Hawthorn formation.

Below the Hawthorn formation, reverse circulation drilling methods will be
used. Below the bottom of the 24-inch diameter casing, only reverse air
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circulation will be permitted. Reverse air circulation is the most effective

way of succesfully completing {developing) the injection horizon.

A straight bore hole is essential in the completion of any large diameter deep
injection well. A straight hole is defined as a hole that does not deviate
from vertical or contain any abrupt changes in hole direction (dog legs). To
ensure that these requirements are met, the specifications will contain
stringent straight hole testing requirements including: inclination surveys
as test/pilot hole drilling is in progress, gyroscopic surveys at the
completion of each phase of test/pilot hole drilling at approximate depths of
1,000 and 3,000 feet, and directional surveys in all reamed holes following
pilot holes below 1,000 feet. The contractor will not be allowed to deviate
more than 0.5 degrees for each 60 feet drilled and not be allowed to exceed
one degree of inclination during any drilling operation. The requirement of
directional surveys for the reamed holes is essential for two reasons: first,
to ensure that the hole is straight and no dog legs exist; and second, to
ensure the integrity of the confining beds by verifying that the reamed hole
is tracked (followed) by the pilot hole.

Protection from the possibility of contamination of the potable and poten-
tially potable water supplies of the Biscayne and Floridan aquifers will be
achieved by the construction of the disposal wells with four strings of casing
of varying diameters. The casings depths are selected to protect the potable
groundwater sources or for construction purposes, The inner string of 24-inch
diameter casing (injection casing) will be set to a depth of approximately
3,000 feet below land surface (bls). The 34-inch diameter intermediate casing
will be set to a depth of 2,300 feet bls. The surface string of 42-inch
diameter casing will be set to a depth of approximately 1,000 feet bls, and
the conductor string of 54-inch diameter casing will be set to a depth of 100
feet bls. FEach casing string will be completely cemented in place (with the
exception of the intermediate casing zone from approximately 2,100 to 2,270
feet bls and 1,400 to 1,600 feet bls), using an API Class H cement and lost
¢irculation additives to ensure that a good bond is achieved between the
casing and bore hole, The amount of time required to construct one 24-inch
injection well is approximately 180 days. A summary of the information
presented above is given in Table 8-2.
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TABLE 8-2
CASING STRINGS

8-11

Diameter Wall Thickness Setting Bit Size
Casing {inches) (inches) {feet below grade) {inches)
Conductor 54 0.375 100 62
Surface 42 0.375 1,000 52
Intermediate 34 0.375 2,300 40.5
Inner (Injection) 24 0.500 3,000 32
Open Hole -- -—- --- 22



Each injection well will be equipped with two steel monitor tubes set in the
annular space opposite the intermediate casing (34-inch diameter) to monitor
the saline water zones between 2,100 and 2,270 feet, and 1,400 to 1,600 feet,
respectively. The monitor tubes will be screened and the screened intervals
will be gravel packed. A sand cap will be placed on top of the gravel packs
and the remainder of the annulus will be cemented. The monitor tube from 1400
to 1600 feet could be cemented in place and directionally perforated, rather
than screened and gravel packed. This type of construction accomplishes the
monitoring of the saline water zones, while eliminating the need to cement a
cavernous zone (2,100-2,300 feet) that may be impossible or extremely

expensive to seal using cement grout,

A second method of monitoring is to drill a separate monitor well. This
method 1is objectionable from a cost standpoint and does not enhance the
monitoring abilities over the system discussed above. The monitor tubes act
as an "early warning system" for the protection of present and potential
drinking water sources, Although the possibility is remote that the treated
effluent would migrate upward through 700 feet of dense limestone, the monitor
tubes would detect possible occurrence of this event. Early detection of
contamination would enable remedial action to be taken before potable sources
of water are contaminated. The constituent monitoring requirements for each
system are dependent on specific FDER requirements. As an example, the City
of West Palm Beach is required to monitor for fecal coliform, biological
oxygen demand, and chlorides for their injection well system,

Safety Precautions

The last step in the construction of an injection well 1is the testing of the
ability of the well to accept fluids. This test usually can be performed by
injecting into the well or by pumping out of the well. However, there cannot
be any pump out test at the Plantation site since the boulder zone contains
saline water with no ready source of saline water disposal. The test will
therefore have to be conducted as an injection test. During the injection
testing, careful monitoring of the Floridan aquifer monitor wells will be
conducted to ensure that there is no hydraulic connection between the
injection horizon and the monitor zone, thereby verifying the integrity of
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the injection horizon. Permits will be obtained for use of water from the
East Holloway Canal or the use of treated effluent for the injection well

testing.

The disposal wells will be constructed using cost-effective and environ-
mentally safe methods. The possibility of contaminating both surface and
groundwaters will be minimjzed during the construction of the injection wells.
This will be accomplished by the use of concrete drilling pads, steel-lined
tanks, and sealed sump pits. Drill cuttings, drilling mud, other fluids, and
potential contaminants will be properly disposed of in approved areas.

Shallow groundwater monitor wells will be located at critical points around
each pad and monitored on a weekly basis for evidence of contamination.

Special precautions against contamination will be incorporated in the con-
struction of the 15 MGD phase well. These precautions are necessary because
the saline water in the boulder zone will have been displaced by six years of
treated effluent disposal in the 10 MGD phase well. The second well will have
a tendency to back flow when drilling in the boulder zone in the same manner

as used in the back flushing operation of the wells (described in Section
8.6). During the drilling of this well in the injection horizon, the

contractor will be required to continually suppress the "fresh water" head on
the well.

8.4 REGULATORY PROCEDURES

The Rules of the FDER, for underground {injection control, Chapter 17-28,
provide for the formmation of a Tactical Advisory Committee (TAC) to evaluate
each injection well system permit aph]ication. The TAC will be responsible
for the evaluation of the adequacy of the test/injection well design and
testing program in the issuance of a construction permit. The review of the
design includes the injection wells and the entire injection well system. The
system includes the effluent quality, pumps, lines, surge protection (water
hammer), back flow system, monitor wells, and instrumentation. The TAC will
evaluate the redundancy in the system and emergency back up systems.
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During the actual construction of the injection wells, the TAC will be kept
advised during all phases of construction. TAC concurrence with major con-
struction decisions (casing depths, monitor zones, etc.) will be required.
Upon completion of construction and testing, all results will be presented to
the TAC. TAC approval of the constructed system is required prior to the
issuance of a FDER operational permit.

The proposed effluent disposal system will ultimately consist of two deep
wells. Redundancy will be provided since either well will be capable of
receiving 100 percent of the plant effluent if necessary. However, during the
first phase of operation, 1986 through 1991, only one well will be construc-
ted. Back-up for this well will be provided by the adjacent canal during this
interim period. A position paper issued by the FDER in Tallahassee in 1981
and included as Appendix C herein states that, "The back-up system is not
required to be another injection well unless there is no other acceptable
option."

However, recent practice of the FDER in West Palm Beach has been to require a
second standby well for facilities designed to treat 7 MGD or more. Special
circumstances at the proposed facility may allow the local FDER to waive the
requirement of a second deep well during the interim period. These mitigating
factors include: (1) an acceptable standby emergency discharge exists, which
is the canal adjacent to the plant site, and (2) it is unlikely that the well
will become inoperative during the first five years of service due to the
well's design and the nature of the boulder zone. The back-up system does not
require a separate operating permit. However, the injection well permit
should adequately address the back-up disposal system,

8.5 NOISE CONSTRAINTS

The most efficient and cost-effective well construction operation is 24 hours
per day, Seven days per week. Drilling operations are carried out on a con-
tinuous basis because of reduced costs, and because stopping certain proce-
dures could jeopardize the operation and the integrity of the well. The
costs of well construction will increase by 40 to 50 percent by restricting
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the working nours. Additional engineering costs will be incurred from the
increased time of inspection. However, this type of operation may cause objec-
tionable noise levels which could violate City of Plantation noise ordinances.
In addition, the proposed injection well sites are located in the northwest
quadrant of the treatment plant property, approximately 600 feet from a hos-
pital and 750 feet from residential neighborhoods.

Certain drilling operations present more problems with noise levels than other
drilling operations. The most objectionable noises occur during laying down
of drill pipe, brake noise during casing setting, and drilling in the injec-
tion zone. Additional noises are created by the rig, pump, and air compressor
motors and cementing operations, The City of Plantation noise ordinance
states that the operation of "noisy" businesses is unlawful except between the
hours of 8:00 a.m. and 6:00 p.m. on weekdays from December 1st to April 1lst of
each year, and between the hours of 7:00 a.m. and 6:00 p.m. on weekdays, the
remainder of the year. The ordinance provides for a variance to be granted
upon application to the City Council. The Council's approval is dependent on
the results of their investigations as to the need for the variance.

The noise problems will be mitigated to some degree by stringent noise speci-
fications, which will require the Contractor to take precautions against objec-
tionable noises. The precautions against noise will include muffling all
engines, and covering with wood (where practical) all metal surfaces that
could come in contact with drill pipe, tools, casings, etc. 1In addition, a
noise barrier will be required (this method was successful at the Fort
Lauderdale site). Although these precautions will help reduce the noise
Tevel, application to the Council for a variance will still be necessary. The
application for variance will be supported by evidence on the adequacy of
noise reduction procedures and support of an injection well expert justifying
the need for continuous operations during well construction and testing. In
addition, the City should develop and implement a public relations program to
educate the public as to the need for these operations.
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8.6 WELL OPERATION

Based on a growing body of operational data generated over the past few years,
the level of knowledge and expertise regarding the installation and operation
of injection wells has improved significantly. Confidence in such systems has
improved, and operators and regulators alike have become aware that not only
must the injection wells be carefully designed, constructed, and operated, but
other portions of the effluent disposal system must be given the same atten-
tion. Experience gained from current disposal operations indicate several
matters that must be addressed in any injection well system design.

Adequate surge or water hammer protection must be incorporated in the design
of the effluent pumping system. Pressure surges associated with water hammer
have been observed at several older and inadequately designed facilities. The
theoretical collapse strength of the 24-inch casing (0.5-inch wall thickness)
is 442 psi. The potential water hammer pressures at the peak injection rates
were analyzed for both the 10 MGD and 15 MGD phases (water hammer-instan-
taneous closure, no friction loss) using the following equation: (Daugherty &

Franzini}:
p - {exCpxV) (8.4)
h 144
where
e = density of water, 1.94 1bm/ft3
v = velocity, fps
Ph = water hammer pressure, psi
Cp = pressure wave velocity, fps
and
Cp = 4720 x 1
(1+ (B EY)
D = inside diameter of pipe, inches
t = wall thickness of pipe, inches
Ev = volume modulus of the medium
£ = modulus of elasticity of pipe material
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The calculations are extremely conservative. At the maximun day flow rate (15
MGD phase, one well operational) and associated 11.42 fps velocity, an estima-
ted maximum water hammer pressure of 601 psi could occur, clearly indicating
the need for surge protection. The water hammer pressure will be less for the
10 MGD phase (one well) and the 15 MGD phase with two wells operating. The
calculated pressures are 398 psi and 301 psi, respectively.

The injection well system must have redundancy in the operational features of
the system to minimize potential operating difficulties and the possibility of
injection system failure. This must include surge protection, back flow capa-
bilities, dual instrumentation for data collection, chlorination system, and
screening for removal of solids. Incorporating these considerations in the
system design will enhance the efficient operation and longevity of the
system. Several additional matters which must be addressed are listed below.

0 The potential for plugging of the injection zone by solids will be
mitigated by the inclusion of screens and back flushing capability in
the effiuent disposal system design.

0 Although FDER has relaxed the requirement for chlorination of ef-
fluent disposed in injection wells, facilities for chlorination wili
be 1included in the event some form of disposal other than the
injection wells are required in an emergency situation. These

facilities are discussed in Section 6.

0 Some form of data collection must be included with back-up.
Information on injection pressures, rates, and total or cumulative
volumes must be collected from each operating well. Continuous
records of injection rates and pressures must be maintained.

8.7 SUMMARY

The possibility of favorable hydrogeologic conditions existing for an injec-
tion well system in the Plantation area is excellent, The preliminary design
of the injection well system is envisioned as a two-well system implemented in
two phases. The first well will be completed for the 10 MGD phase and will be

operational by 1986. The second well will become operational for the 15 MGD
phase in 1991, Each well will be constructed to a depth of 3,500 feet using
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four strings of casing with 54-inch, 42-inch, 34-inch, 24-inch diameters set
at 100 feet, 1,000, 2,300 feet, and 3,000 feet, respectively, and an open hoie
from 3,000 to 3,500 feet. All casing will be cemented in place using a cement
formulated specifically to formation and fluid conditions. Two monitor tubes
will be set in the annulus between the 34-inch diameter casing and the 40-inch
diameter bore hole. The depths of the monitor tubes will be approximately
2,170 to 2,100 feet and approximately 1,600 to 1,400 feet.

Certain problems exist in the construction of any injection well system. For
the Plantation system, concerns over emergency discharge and back-up during
the five years of the 10 MGD phase will be addressed with the regulatory
agencies (FDER and BCEQCB). Another major concern is noise abatement during
injection well construction for both phases. A variance will be required from
the City Council concerning noise requirements and working hours, or objection-
abie costs will be incurred. Environmentally safe methods will be employed
during all well construction activities to minimize the possibility of contam-
ination of potable water sources. This will idinclude special precautions
employed during the drilling of the second well (15 MGD phase), to abate back
flow problems,
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SECTION 9
ELECTRICAL AND INSTRUMENTATION SYSTEMS

9.1 INTRODUCTION

In this section the electrical and instrumentation systems are evaluated and
designed for the wastewater treatment plant. This section is subdivided into
the following subsections: '

9.2 Existing Electrical System
9.3 Proposed Electrical System
9.4 Instrumentation

9.2 EXISTING ELECTRICAL SYSTEM

The existing plant is served by 480 volt, 3 phase, 4-wire power from an onsite
transformer. A 600 amp, 480 volt, 3 phase motor control center is located in
an electrical room adjacent to the transformer vault. All 3 phase motors are
operated at 460 volts from the motor control center. Stepdown transformers
provide 120 volts for lighting and miscellaneous power.

A 200 kw, 480 volt generator provides a limited amount of backup power to the
plant site. The generator operation is manual.

9.3 PROPOSED ELECTRICAL SYSTEM

The present Florida Power & Light Company transformer vault 1is not large
enough to serve the new plant. A new vault, electrical room, and standby
generator will be Tlocated in the Administration Building as detailed in
Section 10. The electrical service will be 480 volt, 3 phase, 4-wire power
with dual mains, each sized to carry the entire plant 1load. Stepdown
transforﬁers will be used to provide 120 volt power for lighting and
miscellaneous power.
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A generator room will be located adjacent to the electrical room to house one
generator for Phase I with provisions for a second generator for Phase I1I.
The generators will be automatic in operation with remote control circuits to
allow the operator to use either generator or both for peak shaving.

Table 9-1 is a summary of the expected electrical demands for the Phase [ and
Phase II facilities. As noted in the table, the two generaters will each need
to be rated at 1000 kw. The basis of design is Caterpillor Model No. 3512.
Figure 9-1 is an illustration of a typical generator installation.

9.4 INSTRUMENTATION

Instrumentation will be designed to facilitate a centralized mode of operation
from a Control Room located in the Administration Building. The on-duty plant
operator will be able to monitor the operation of all equipment from the
Control Room. The instrumentation system will consist primarily of the follow-
ing functions:

Alarm Annunciator
Status Light

Meter System

Radio Telemetry System
Effluent Disposal Wells

o O O O O

Alarm Annunciator

An alarm annunciator shall be provided to monitor the condition of equipment
where failure could result in an effluent violation. Alarm annunciators shall
also be provided to monitor conditions which could result in damage to vital
equipment or hazards to personnel. The alarms shall sound in areas normally
operated and also in areas near the equipment. The alarm annunciators shall
be such that such announced condition is uniquely identified. Test circuits
shall be provided to emable the alarm annunciators to be tested and verified
to be in working order.
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TABLE 9-1
ELECTRICAL DEMANDS

Components Phase |
Screens 201 =2
Grit Collectors 2 06,5 =13
Grit Pumps 2@5 =10
Primary Clarifiers 2081=2
Waste Feed Pumps 2 @15 =30
Aerators 2 @ 325 = 650
Secondary Clarifiers 2601=2
Recirculation Pumps 2 @20 = 40
Transfer Pumps 2025 =50
Effluent Pumps 4 @ 150 = 600
On-site Pump Station 1020 =20
Centrifuges 2 @ 150 = 300
Sludge Feed Pumps 2015 =30
Digester Complex 150
Dewatering Building 20
Control Building 5
Chlorine Building 10
Maintenance Building 5
Total 1939 HpP

= 1446 kw
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Phase II

Additional
3@l =3
3@6.5=20
36065 =15
3@1l=3
3015 =45
3 @325 = 975
3e1l1 =23
3820 =60
3025 =175
5 @ 150 = 750
1020 =20
3 @ 150 = 450
3015 =45
200
30
5
10
5

2714 Hp
= 2024 kw
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Status Lights

Running-off status indication lights will be located on the instrumentation
panel for all major pieces of equipment. Identification name plates of each
component shall be permanently affixed to the panel for all status-indicating
lights. Control of equipment shall be local with hand-off-automatic switches.

Meter System

The metering system will consist of the following functions:

¢ Influent Flow Meter

0 Recirculation Sludge Flow Meter

0 Primary Waste Siudge Flow Meter

0 Waste-activated Sludge Flow Meter
0 Effluent Reuse Flow Meter

0 Deep Well Disposal Flow Meter

The influent, recirculation siudge, primary waste sludge, the waste-activated
sludge, and the deep well disposal flow meters shall be of the ultra-sonic
type. The flow meters will consist of a cast iron spool piece, a pair of dual-
path transducer probes integrally cast, and transmitting electronics. The
electronics shall produce a 4-20 mA output which is linear with respect to
flow. Receivers, which will be mounted in the common instrument panel, shall
be activated by a 4-20 mA DC signal. The charts for the receivers will be 12
inches in diameter and be graduated on a basis of one-day increments.
Additionally, an indicator and totalizer will be provided.

The effluent reuse flow meter shall be of the propeller type. The meter will

have an extended meterhead register with a six-digit direct-reading totalizer.
A remote signal to the instrumentation panel will not be provided.
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Radio Telemetry System

A radio transmitter, receiver, and a central terminal unit will be located in
the Administration Building. The radio system will monitor the new wastewater
pumping stations with possible remote control for the pumps. Also, some
consideration will be given to monitoring some critical functions on key
pumping stations now in operation.

Effluent Disposal Wells

As noted in the metering subsection, a continuous recording of the injection
rates will be obtained. Additionally, recorders shall be provided for data
coflection on the injection pressures,

Loop Diagrams

Typical instrumentation Tloop diagrams are illustrated in Figures 9-2 and 9-3.
Figure 9-2 is a typical diagram for a mechanical piece of equipment. The
example shown is for the bar screen equipment. Process control is incor-
porated at the local control panel with a hand-off-remote selector switch. A
run indicating light and an alarm light signal are transmitted to the instru-
ment panel Tocated in the Control Room. Figure 9-3 is a typical diagram for a
meter system. The example shown is for the plant influent flow meter. A 4-20
ma signal 1is transmitted to a flow-indicating recorder located in the instru-
mentation panel. Additionally, a 4-20 ma signal 1is transmitted to the
chlorinators for the purpose of pacing chlorination with influent wastewater
flow.
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SECTION 10
ADMINISTRATION BUILDING

10.1 INTRODUCTION

A wastewater treatment plant administration building is a multi-purpose facili-

ty that is designed to accommodate the administrative, laboratory testing,
plant control, storage, and other support functions of the plant. The follow-
ing functions of an administration building are described in Section 10:

10.2 Laboratory Facilities
10.3 Offices and Control Room
10.4 Sanitary Facilities

10.5 Lunch/Conference Room

10.6 Motor Control Center and Generator Room
10.7 Maintenance Building

Figure 10-1 is the proposed tayout for these facilities.

10.2 LABORATORY FACILLTIES

There are essentially four reasons for laboratory testing at wastewater treat-
ment facilities: process control, cost control, historical data, and the re-
quirements of requlatory agencies. Process control testing ensures that a
given unit process is operating property. Cost control testing may be used to
reduce plant operating expenses. Historical testing provides a backlog of
data concerning wastewater characteristics or process flow features which can
be used as a basis for design of future expansions and as a record in the
event of investigations of facility operation, Testing required by regulatory
agencies is determined by applicable permit requirements and local conditions,
such as the characteristics of the receiving water body.
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Equipment and Supplies

The laboratory facilities should have the capability to run the tests listed
in Table 10-1. In order to run these tests, the laboratory must be provided
with the necessary equipment, supplies, and reagents. Discharge permit pro-
cess control, and industrial waste monitoring requirements should be con-
sidered when specifying equipment needs. References such as Standard Methods

and the EPA Analytical Procedures Manual should be consulted prior to

specifying equipment items. In addition, the cost-effectiveness of optional
equipment should be evaluated based on the following criteria:

0 Frequency of tests.

0  Sophistication of unit processes.

0 Trade-offs between more or better-trained lab staff versus optimum
equipment .

0 Trade-offs between duplicating minimum equipment items versus
replacement with fewer optimum equipment items.

0 Flexibility to cope with unforeseen increases 1in testing

requirements if optimum equipment is used.

Space Requirements

The size of the laboratory has been related to the capacity of the plant in
curves developed by the EPA. For the initial phase of 10.0 MGD, the
recommended laboratory size is 740 square feet. For the second phase capacity
of 15.0 MGD, a size of 940 square feet is recommended. Due to the small
increment of additional laboratory space required by the expansion, it is
practical to provide sufficient area for the 15.0 MGD phase initially.

Similar curves were developed to estimate the required bench surface area and
cabinet volume. For a 10.0 MGD facility, 30 percent of the lab floor space
was recomménded to be utilized as bench area. For a 15.0 MGD plant, the pro-
portion was reduced to 27 percent. For cabinet volume, 5300 cubic feet were
recommended for a 10.0 MGD facility and 6200 cubic feet for a 15.0 MGD plant.
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TABLE 10-1
PROCESS SAMPLING AND TESTING NEEDS(a)

Method of Reason for
Test Frequency Sample Test
Temperature ' 1/day Grab Historical
pH 1/day Grab Historical
BOD 2/week 24-hr. Composite Process
DO 3/week Grab Process
SS 3/week 24-hr. Composite Process
Flow Continuous Continuous Process
Total Solids 2/week 24-hr. Composite Historical
Volatile Solids 2/week 24-hr, Composite Historical
Dissolved Solids 2/week 24-hr. Composite Historical
Alkalinity 2/week 24-hr. Composite Historical
CcoD 2/week 24-hr, Composite Historical
Heavy Metals (opt.) 2/month 24-hr. Composite Historical
Fecal Coliform Quarterly ecemmmeaaL. Historical/
Regulatory
Specific Conductance Continuous Continuous Historical/
Regulatory
Chlorides Quarterly cocecmmmmmao Historical/
Regulatory

(a)

Information derived from EPA Manual, Estimating Laboratory Needs for
Municipal Wastewater Treatment Facilities.
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In summary, the laboratory should be designed to accommodate the needs of the
15.0 MGD phase. A total laboratory area of 900-1000 square feet is recom-
mended. As seen in Figure 10-1, this area is divided among the main labora-
tory, the bacteriological Tab, and the chemical storage room., Bench surface
area will constitute 250-300 square feet of the total laboratory area, A cab-
inet volume of about 6200 cubic feet is recommended.

Efficient Layout

Efficient laboratory operation depends largely on the physical layout of the
laboratory. The physical includes such items as working area arrangement, the
number and location of sinks and electrical outlets, the arrangement of labora-
tory equipment, and the materials of construction and lighting. The layout
details can affect the accuracy of the laboratory tests. For example, tests
that include identification of some colorimetric end point, such as heavy
metals determinations, can be significantly impacted by the type of lighting
and the finishes on laboratory facilities.

An excellent discussion of criteria for laboratory layout has been developed
by the Michigan Water Pollution Control Association. These criteria have been
included with the 1971 edition of the Ten States Standards and are summarized
below:

A northern exposure is preferred because it provides more uniform

o

lighting.

0 Adequate lighting should be provided. Color corrected fluorescent
lighting is suggested.

o Wall and floor finishes should be nonglare and light in color. Flat
finish type wall paint is suggested. Floor finishes should be of a
single color for ease of locating small items that have been dropped.

0 Floor covering, in addition teo being nonglare, should be easy to
‘clean and comfortable,

o Aisle width between work benches should be at least 4 feet. Also,
adequate spacing should be provided around floor-standing equipment,
workbenches, or file cabinets to facilitate cleaning.
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Storage space for reagent stock should be under workbenches,
Reagent containers removed from storage areas under workbenches are
less likely to be dropped than reagent containers removed from
storage in the inconvenient and hard-to-reach areas above the work
bench areas. Only those items that are infrequently used, or
chemicals of a nondangerous nature, should be stored above work-
benches. Strong acids or bases should never be stored out of the
convenient reach of the laboratory personnel.

One sink, large enough to wash laboratory equipment, should be pro-
vided for every 25 to 30 feet of bench length. One sink should be
sufficient when total bench length is less than 25 feet. The minj-
mum size of this sink should be 21-1/2 inches by 15-1/2 inches by 8
inches and it should be made of chemical resistant material. Cup
sinks also should be provided at strategic locations on the bench
surface to facilitate laboratory testing. They too should be made
of chemical resistant material.  The number of cup sinks depends
largely on the type of tests that will be run. The general rule,
however, is one cup sink for every 25 tgo 30 feet of bench Tength.
These cup sinks should be alternated with the wash sinks at 12- to
15-foot intervals. Where workbench assemblies are provided in the
center of the laboratory, a trough type sink down the center of the
workbench may be provided in lieu of cup sinks. A hot and cold
water tap should be placed at approximately 5 to 10 feet along the
trough.

Electrical receptacles should be provided at strategic points for
convenient and efficient operation of the laboratory. Duplex type
receptacies should be spaced at appropriate intervals along benches
used for laboratory tests, Strip moiding receptacles may be used.
Gas fixtures also should be provided at convenient locations on the
bench used for Taboratory tests. One gas fixture should be provided
for every 15-foot length of bench.

Bench tops should be suitable for heavy duty work and resistant to
chemical attack. Resin impregnated natural stone provides such a
surface. '

Bench surfaces should be 36 inches high and 30 inches high, re-
spectively, for work done from standing and sitting positions.
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0 Bench surfaces should be at least 30 inches wide.

o Equipment arrangement should be given special consideration in lay-
ing out the laboratory facility., Pieces of equipment used for mak-
ing common tests should be in close proximity. For example, the
drying oven used in making total, suspended and dissolved solids
tests should be close to the muffle furnace for determining total
volatile solids and volatile suspended solids from the samples dried
in the drying oven. The drying oven and the muffle furnace should
be near the balance table, because the balance is used in the weight
determinations for the various solids tests.

o Safety is a prime consideration of a laboratory. The first aid kit,
fire extinguisher, eye wash and emergency shower should be near the
main working area of the laboratory. [If the safety shower is not
provided in a separate shower stall, a floor drain should be nearby.

o The analytical balance should be on a separate table. This table
should be at least 30 inches in length by 24 inches deep. It should
not transmit vibrations that would adversely affect the operation of
the balance.

o A separate table should be provided for the microscope. This table
should be about 30 inches long by 24 inches deep and 27 inches high.

o Fume hoods should be near the area where most laboratory tests are
made,

10.3 OFFICES AND CONTROL ROOM

A wastewater plant office and a control room are required for monitoring plant
functions and for storing plant records. The control room should be easily
accessible to the operator. It should be located away from vibrating machin-
ery or equipment which could have an adverse effect on recording equipment.

As seen in Figure 10-1, the control room is centrally located in the adminis-
tration building near the main entrance. Two separate offices are also pro-
vided. The total area of the offices and the control room is approximately
400-500 square feet,
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10.4 SANITARY FACILITIES

Toilet, shower, lavatory, and locker facilities should be provided for the
projected number of operators. Two lockers per employee are preferred, one
for street clothes and one for work clothes. The facilities should be fur-
nished with hot and cold water, soap, and towels. Slop sinks and cleaning
materials should be provided for general cleaning. Lavatories are frequently
the long, shallow, wall-mounted type or the industrial circular type located
in the center of the floor.

Figure 10-1 illustrates the sanitary facilities provided for men and women.
The total area occupied by sanitary facilities, including the janitor's area,

is approximately 300 square feet.

10.5 LUNCH/CONFERENCE ROOM

A combination lunch and conference room is recommended for the convenience of
operating personnel. The eating room should be separated from other facili-
ties. Basic kitchen equipment may be installed if desired. At a minimum, a
refrigerator, a microwave, and sink should be provided. The 500 sguare foot
lunch/conference room is Tocated on Figure 10-1.

10.6 MOTOR CONTROL CENTER AND GENERATOR ROOM

A motor control center and generator room will be housed in the administration
building, as seen in Figure 10-1. A detailed description of these facilities
appears in Section 9. A total area of 1200 square feet is provided for these
facilities.

10.7 MAINTENANCE BUILDING

A maintenance/storage area is often included as part of an administration

building. However, there 1is an existing maintenance building on the plant
site that will be used for the new treatment facility. The 1250 square-foot
building was constructed 1in 1982, It may be utilized as a maintenance
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building, a machine shop, and a store room for spare parts, materials, and
operating supplies. Four overhead doors provide access for large machinery

and equipment. The existing maintenance building is expected to be adequate
for the ultimate capacity of the plant.
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SECTION 11
PLANT SITE LAYQUT AND MISCELLANEOUS IMPROVEMENTS

11.1 INTRODUCTION

Section 11 includes a site layout and a hydraulic profile of the plant, as

well as

a summary of the various miscellaneous improvements required. The

section is organized as follows:

11.2 Site Layout

11.3 Plant Hydraulics

11.4 Piping

11.5 On-site Gravity Collection System
11.6 On~site Effluent Reuse System
11.7 Flow Splitter Box

11.8 Scum Handling System

11.9 Access Road and Parking

11.10 Sidewalks and Walkways

11.11 Drainage

11,12 Landscaping and Irrigation
11.13 Odor-Controtl

11.2 SITE LAYOUT

For purposes of this report, it has been assumed that the regional facility

will be constructed at the site of the existing North Plant, for the following

reasons:
0

The North Plant site is located in an existing industrial/
institutional land use area.

The existing force main network for the East System indicates that
the North Plant site is the logical 1location for the proposed
facilities.

Although the Gulfstream Plant site is more centrally located, the
City of Plantation does not own that property or utility.
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Site layout refers to the spatial arrangement of the physical facilities re
quired to achieve a given treatment objective., The overall plant layout must
incorporate administrative and maintenance buildings as well as the process

units.

Among the factors that must be considered when laying out a treatment plant
are the following:

Geometry of the plant site.
Topography,

Soil and foundation conditions.

Location of the influent force main.
Location of the point of discharge.
Transportation access.

Types of processes.

Effects of the length of process piping on treatment.
Process performance and efficiency.
Reliability, ease, and economy of operation.
Aesthetics.

Environmental controtl.

OOOOOOOOOOOOO

Additional area for future expansion.

In addition to these factors, the site layout was constrained by the existing
plant, which must remain in operation during construction of the initial phase.

Figure 11-1 illustrates the proposed site layout for the three process trains.
During construction of Phase I, which will consist of two process trains, the
existing plant will remain operational. The polishing pond is the only part
of the existing plant that must be taken out of service during Phase 1 con-
struction. For Phase II, the existing plant will be removed, with the ex-
ception of the maintenance building,

11-2



K
{“ u — e
} k\ p——r Ty i l
T S o ems e . e —
4 |
.ii '_m;as ’ L
"t 7T
. - D] e g
B §
7 7 i
N AR i
5
o o
N isrise i
| s -
‘i“! uas::l?_qgl;::ugg é |_§z
SurlGeg g iz
= AR
- ke
' LEGEND b
- . y
7777 PHASE T STRUGTURES g
8
11-1




ERIMARY
CLARIFIEAS

AERATION TaNws

POELWINARY

TREATMENT

-

[ALTYN
CLARIFIERS

N ’

™ e el
~3

CHLORINE
w1 EONTACT
JANKS

| FIEN 4

LIQUID FLOW DIAGRAM

SECCHMDARY \
DISESTER

QIGESTERS 4
S
- N
,i.
WASTE
PAIMARY
swoee Lol DIGESTER
- BUILDING =~
o

~ [Try=—====
2;04&‘.’[#!*‘5
L. _JING

\.—::::':;1
THICKENING

WASTE = = |
ACTIVATED
SLUbGE

SEE FIGURE
7-1 FOR

>N GIGESTER

PIFING

o
i

GAME OREIHIR & M G

WL ELEV
r19.%0
/ WL, ELEV. /
i —— T R v A A
ZE L._I_."' T3 W[

i

WASTE PRIMARY
SLUoGE 0

WL, ELew
vy 7S
WL ELEV
PSRy

HWL, ELEV.
*10.00
¥

PRIMARY [DIGESTER
PRIMARY CLARIFIER

PREL (MINARY TREATMENT

Wi ELEY
.00

WL ILEV.
wi, ELeEv. 116.00
1780
WA, ELEV
WL ELEV. " ie73
15,28 e
A & [Srr—
. L
=
- REGimEILATITY 1047 W -
AEAATION TaNK SPLITTER BOX FINAL

BECIRCOLATIEN

5o oLGE PLMP

WL ELEV
/e 30.00

™ e

P

WL ELEV.
: » 30 00

____}___—\_’5//,___——

LANT OPERATING ELEVATIONS [MSL.

woT 16 KT

,-j—“é%—l[— ]— ] @—' o

THICKENING SHICRENED WaASTE PRIMARY DIGESTER QUGESTED SLUDGE SECOMDARY DIGESTER PIGESTED SLUDGE
BUILDING ACTIVATED SLUDGE JRANSFER PUMP FEED PUMP
FEED PUMF

LEGEND

c—//
P

-2

PHASE
PHESE
PHASE
PHASE

. 1 ”% jJ

CHLORME EOHTACT TANK

LamuogL

I PIMKG
O MPNG
T STRUCTURES
O STRUCTURES

| REGIONAL WASTEWATER TREATMENT PLANT
¢ FOR

i CITY QF PLANTATION

‘] PLANT OPERATING DIAGRAMS AND ELEVATIONS

ariar e,

RO - 42

11-2




The advantages of ductile iron pipe include tight joints, ability to withstand
relatively high internal design pressures and external loads, ductiltity,
machinability, and toughness. The disadvantages are that it may be subject to
corrosion by acid or highly septic wastewater and by corrosive soils. A
cement Tining with a bituminous seal coating is usually specified on the
interior of the pipe.

If ductile iron pipe is used, it could be Class 51 thickness for the antici-
pated burial depth range, according to AWWA Standard C151. City standards
require Class 51 pipe for normal use and Class 52 pipe under roadways. Since
the plant construction will require the movement of heavy trucks and equip-
ment, the use of Class 52 pipe may be required. The small difference in cost
between Class 52 and 51 pipe may be justified due to the possible high Tive
loads in the installation area.

11.5 ON-SITE GRAVITY COLLECTION SYSTEM

The gravity collection system for the site pump station will consist of
ductile iron pipe with a minimum diameter of 12 inches. The site 1ift station
will contain two submersible pumps rated at 700 gallons per minute (gpm) at 60
feet of head. The pump motors will be rated at 1750 rpm at 20 horsepower.

11.6 ON-SITE EFFLUENT REUSE SYSTEM

Plant effluent may be ﬁsed for the following purposes:

Irrigation of landscaping.

Seal water for pumping units.

Washwater for belt filter presses.

Ftushing water for scum boxes.

Hose bib connections for general maintenance.

C 0 9O o o o

Chlorine injection water.
The effluent must first be filtered before it is used, and horizontal multi-
plex filters are recommended for this application. The filter consists of a

horizontal vessel divided into several individual filter sections by vertical
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Figure 11-1 indicates the layout of the plant site road. The loop configura-
tion promotes a smooth traffic flow. Access drives will be provided to the
digester building, the dewatering building, and the chemical building to
enable mobile cranes and other service vehicles to get close to these facili-
ties for maintenance and removal or replacement of mechanical equipment. The
road will be constructed with a 12-inch limerock subgrade and a 1.5-inch thick
paved asphalt surface,

Parking facilities have been provided on the site for employees and visitors.
The parking lot is located adjacent to the administration building for the
convenience and control of visitors and delivery people,

11,10 SIDEWALKS AND WALKWAYS

Sidewalks will be provided for buildings and structures where a significant
amount of pedestrian traffic is anticipated. A1l sidewalks will be installed
at a grade which will minimize flooding problems during heavy rainstorms.

Elevated walkways will be provided above and between the treatment units, in-
cluding suitably located access stairs, for the convenience of operating
personnel.

11.11 DRAINAGE

In general, the finished grading will allow the rainstorm runoff to drain away
from all buildings, structures, roads, and sidewalks. Culverts and drainage
swales will divert excess rainfall to the retention/detention pond. The pond
will be designed such that the runoff associated with the first inch of rain-
fall, which will be the most contaminated runoff, is completely retained in
the pond. The runoff associated with the 25 year, 3-day rainfall event will
be temporar11y detained by the control structure located within the pond and
released to the Holloway Canal.
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11.12 LANDSCAPING AND IRRIGATION

A unified landscaping plan will be provided for the entire plant site, includ-
ing trees, shrubs, and lawn area. The plan will be coordinated with the
City's landscaping staff. Maximum use will be made of existing trees and
shrubs at the plant site.

A sprinkling system will be provided for irrigation of the entire plant
grounds. The irrigation network will be divided into suitable zones and will
be furnished with an adjustable automatic timing control system. The irriga-
tion water will be filtered effluent.

11,13 0ODOR CONTROL

Odor control equipment will be provided for the following process units:

Bar Screens

Grit Collectors
Primary Clarifiers
Thickening Building

o © o o

The basis of design is the two-stage wet scrubber system which is manufactured
by PEPCON., This system is capable of reducing the hydrogen sulfide to less
than one part per million. The system utilizes two different chemicals. Low
Tevel chlorine solution (sodium hypochlorite) is generated by passing a brine
solution through electrolytic cells. Sodium hypochlorite solution is then
dropped down through the first stage tower packing and interacts with the
odorous air flowing in the opposite direction. The air then travels through a
second scrubber which utilizes sodium hydroxide as a scrubbant. Before being
exhausted, the air travels through a mist eliminator. For certain unit
processes which produce highly malodorous off-gases, it may be necessary to
provide aétivated carbon facilities for odor control,
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SECTION 12
CONSTRUCTION COST ESTIMATE

12,1 INTROGUCTION

A construction cost estimate is developed herein for the 10 MGD phase of the
proposed facilities. This estimate may be used to determine the cost-
effectiveness of constructing the plant versus the other wastewater treatment
and disposal options available to the City and Gulfstream. This section in-
cludes a summary of the facilities to be constructed and is organized as
follows:

12.2 Scope of Work for 10 MGD Phase
12.3 Scope of Work for 15 MGD Phase
12.4 Cost Estimate

12.2  SCOPE OF WORK FOR 10 MGD PHASE

Sections 5 through 11 of this design report describe all of the facilities
proposed for the 10 MGD phase of the treatment plant. The principal compo-
nents of the proposed transmission, treatment, and disposal facilities are
outlined below:

A. Transmission Facilities

1. Gulfstream Force Main - 14,500 linear feet of 30-inch force
main.

2. Gulfstream Pumping Station - 16,8 MGD station with three Model
18530 pumps manufactured by the Clow Corporation, with
variable-speed drives.

3. South Pumping Station - 3.5 MGD station with two Model 8518

' pumps manufactured by the Clow Corporation, with
variable-speed drives,
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B.

Treatment Facilities

1,

Liquid Treatment

a. Preliminary Treatment Building - Two & mm bar/filter
screens, two 20,8 MGD Pista grit collectors.

b. Primary Clarifiers - Two 80' diameter, scraper-bottom
clarifiers.

¢. Aeration Tanks - Two conventional activated sludge tanks
with 325 horsepower installed in each tank.

d. Flow Spiitter Box - Divided into six compartments with an
inverted slide gate in each.

e, Secondary Clarifiers - Four 85' diameter rapid sludge
withdrawal clarifiers.

f. Chlorine Contact Tank - Two "around-the-bend" type tanks.

g. Transfer Pumps - Three Model 12 HQR-H IMP. vertical
turbine pumps.

h. Effluent Pumps - Five Model 17 HQH vertical turbine pumps.

Solids Treatment

a. Thickening - Two 210 gpm centrifuge thickeners.

b. Digestion - Two 55' diameter primary digesters, one 55'
diameter secondary digester, one digester building with
associated pumping, heating, and other appurtenances.

c. Dewatering - Two 2.0 meter belt filter presses, one
dewatering building with associated polymer feed system
and conveyance system.

d. Chemical Building -~ Building to house evaporators,
chlorinators, and other miscellaneous appurtenances.

e, Administration Building - Building to house a laboratory,
offices, a control room, sanitary facilities, a
lunch/conference room, the motor control center, and the
generator room.

Miscellaneous - Includes plant piping, the on-site gravity
collection system, on-site effluent reuse system, flow
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splitter boxes, scum handling system, access road and parking,
sidewalks and walkways, drainage, and landscaping and
irrigation,

Disposal Facilities
1. Equalization Tank - One 1.0 MG prestressed concrete tank.

2. Deep well - One 24" injection well.

12.3  SCOPE OF WORK FOR 15 MGD PHASE

Sections 5 through 11 indicate the additional facilities that will be required
to expand the treatment plant from 10 MGD to 15 MGD. The principal components
of the transmission, treatment, and disposal facilities are outlined below.
An allowance for demolition of the existing facilities must also be included.

A.

Transmission Facilities - Impellers and motors in the Gulfstream
Pumping Station will be replaced with larger units.

Treatment Facilities
l. Liquid Treatment
a3, Preliminary Treatment Building - One additional 6 mm
bar/filter screen, one additional Pista grit collector.
b. Primary Clarifier - One additional 80°' diameter, scraper-
bottom clarifier.
C. Aeration Tank - One additional conventional activated
sludge tank with 325 horsepower installed.
d. Flow splitter box - No additions required.
e. Secondary Clarifiers - Two 85' diameter rapid sludge
withdrawal clarifiers,
f. Chlorine Contact Tank - One additional “around-the-bend"
type tank.
g. Transfer Pumps - One additional Model 12 HQR-H 1IMP,
vertical turbine.
h. Effluent Pumps - One additional Model 17 HQH vertical
turbine pump.
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2. Solids Treatment
a. Thickening - One additional 210-gpm centrifuge thickener.
b. Digestion - One additional 55' diameter primary digester.
c. Dewatering - One additional 2.0 meter belt filter press.
d. Chemical Building - No additions required,
e. Administration Building - No additions required.

3. Miscellaneous - Additions to some of these facilities will be

required,

C. Disposal Facilities
1. Equalization Tank - One additional 1.0 MG prestressed concrete
tank.
2. Deep well - One additional 24" injection well.

12.4  COST ESTIMATE

A construction cost estimate has been developed for transmission, treatment,
and disposal facilities for the 10 MGD phase. These costs are Tisted in Table
12-1.  An allowance for contingencies of 10 percent has been added to the
construction costs. The cost of related services, such as engineering,
administration, and legal costs, has been estimated at 15 percent, An
allowance for inflation has been added at the rate of 1/2 percent per month
until the projected bid date in the last quarter of 1984,

A detailed cost estimate has not been prepared for the Phase Il improvements
due to several factors. A realistic cost estimate projected to a bid date in
1990 would appear to be unreasonable in comparison with present construction
costs, due to the effect of inflation for approximately seven years, In
addition, the costs associated with Phase IT should not be distributed only to
present customers. The allocation of Phase II costs should be among the
increased customer base that will be available at the time of Phase II
construction, It should be noted that the incremental cost for the Phase II
expansion will be at a lower unit cost than Phase I. An estimated project
cost of approximately 40 percent of the Phase costs could be expected.
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TABLE 12-1

PROJECT COST ESTIMATE FOR 10 MGD PHASE

Item

Transmission Facilities

1. Gulfstream Force Main

2. Gulfstream Pumping Station
3. South Pumping Station

SUBTOTAL

Treatment Facilities
1. Liquid Treatment
a. Preliminary Treatment Building
b. Primary Cliarifiers
c. Aeration Tanks
d. Flow Splitter Box
e, Secondary Clarifiers
f. Chlorine Contact Tank
g. Transfer Pumps
h. Effiuent Pumps
2. Solids Treatment
a. Thickening Building
b. Digesters
c. Digester Building
d. Dewatering Building
3. Miscellaneous
a. On-site Lift Station
b. Chemical Building
c. Administration Building
d. Retention/Detention Pond
e. Yard Piping
f. Paving
g. lLandscaping
h. Effluent Reuse and Irrigation
i. Electrical
J. Instrumentation
k. Miscellaneous (sitework, taxes, etc.)
1. Demolition
m, Recirculation Sludge Pump Station
4. Overhead and Profit @ 15%

SUBTOTAL
Disposal Facilities
l. Equalization Tank
2. Deep Well
3. Miscellaneous
SUBTOTAL
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Cost

$ 1,015,000
1,650,000

935,000

$ 3,600,000

$ 600,000
700,000
1,290,000
80,000
1,380,000
565,000
25,000
575,000

975,000
1,080,000
515,000
700,000

95, 000
45,000
475,000
25,000
600, 000
150,000
85,000
115,000
900, 000
200,000
815,000
150, 000
100, 000
1,836,000

$14,076,000

$ 325,000
2,600,000

25,000

$ 2,950,000



TABLE 12-1

{Continued)

[tem Cost
Contingencies (10%) $ 2,062,600
Related services - engineering,

administration, legal (15%) 3,093,900
Inflation -~ (7%, equal to 1/2%
per month until bid date) 1,443,800
GRAND TOTAL
PROJECT COST $27,226,300
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SECTION 13
FINANCIAL ASPECTS

13.1 INTRODUCTION

This section examines the financial aspects of the recommended wastewater
plan. The following specific issues are addressed herein:

13.2 Financing options, including pevenue bonds, general obligation

bonds, the state bond loan program and others.
13.3 Impact of the plan on sewer rates and cost to a typical customer.
13.4 Typical large user charges for Gul fstream Utility Company.
13.5 Summary.

13.2 FINANCING OPTIONS

There are several financing options available to the City. These options are
discussed below.

Water and Sewer Revenue Bonds

Long-term municipal revenue bonds can be sold to raise the required capital
funds. Such debt would be backed by the pledge of system revenues, including
a rate covenant in the bond resolution that requires user charges to be
sufficient to generate the requisite cash needs. In addition, when the im-
plementing entity possesses taxing powers, such as in the case here, the bonds
may be further backed by a pledge of excise taxes, but stil] using net
revenues as the source of funds to make debt service payments,

The City of Plantation presently has outstanding the “Water and Sewer
Refunding and Improvement Revenue Bonds, Series 1978", which were issued in
the principal amount of $18,475,000, These bonds were issued to defease pre-
viously issued revenue bonds. Generally, it is considered that the use of
such bonds is the most practical and realistic way in which to fund the con-
struction of utility projects such as is recommended here,
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Certain pari passu requirements must be fulfilled before the City may issue
additional revenue bonds on a par with the outstanding revenue bonds. The
bond covenants state that the annual average pledged revenues for the full
fiscal year of 12 months out of the preceding 24 months immediately preceding
the date of sale of the proposed additional bonds must equal at least 1.00
times the maximum bond service requirement on all 1978 Bonds outstanding and
the proposed additional bonds. Furthermore, the average annual pledged reven-
ues plus the excise taxes (if stil} pledged) for the above described 12 month
period must equal 1.25 times the maximum bond service requirement on all 1978
Bonds outstanding and the proposed additional bonds.

Municipal General Obligation (G.0.) Bonds

The G.0. bonds sold by the implementing entity are typically secured by pay-
ments from ad valorem taxes imposed to generate the necessary monies in addi-
tion to the revenues generated from the use of the system. However, the ulti-
mate guarantée of the repayment of the debt is from the full faith and credit
pledge of the implementing municipality.,

The use of G.0., bonds may not be considered as desirable an alternative as
revenue bonds. Municipalities tend to utilize revenue bond financing when
there is an assured stream of revenues that can be pledged to the debt repay-
ment. In addition, there are referendum requirements and debt ceilings associ-
ated with proposed G.0. debt issues.

In some cases, G.0. bond issues may be established with the actual source of
funds for debt service payments being from both net revenues and from capacity
charges. This alternative permits the good interest rates of G.0. bonds to be
obtained and provides the security of pledged ad valorem taxes to the bond-
holder, but capacity charges and rates would be set so that the City would not
have to fund debt service payments from taxes.
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State of Florida Pollution Control Bond Program

State of Florida Full Faith and Credit Pollution Control Bonds can be utilized
for funding the capital costs of eligible pollution control facilities. Munic-
ipal wastewater treatment facilities are eligible projects.

From the municipality's perspective, the debt obligation would resemble a
revenue bond. The municipality must pledge revenues from rates and charges
from system operations for the repayment of the debt, and it must generate
revenues sufficient to support a 1.33 coverage of the debt service each year,
Although coverage requirements for State Pollution Control Bonds are greater
than for the City's revenue bonds, lower interest rates are typically avail-
able for State Pollution Control Bonds. At such time as the City is preparing
to issue additional debt, the relative merits of revenue bonds and State Pollu-
tion Control Bonds should be examined more closely with the assistance of a
fiscal advisor to establish a financial package.

Federal Grant Funds

The EPA Federal Construction Grants program provides grant contribution to
defray a major portion of the capital costs for wastewater treatment plants.
However, for the foreseeable future, it is not anticipated that grant funds
will be available for the recommended plan. The reason is that existing grant
allocations are oriented more toward wastewater systems currently causing
adverse environmental impacts. Although it is assumed herein that all capital
costs must be borne by the City, the City should make every effort to pursue
federal grant funds.

Lease Financing

As a result of the two most recent comprehensive tax laws, there has been a
significanf increase in the interest in alternative sources of capital funds
to pay for capital intensive municipal projects. One such source is the use
of leasing financing, where a lease structure is used for paying for new facil-
ities because other traditional capital sources are not available to the munic-
ipality. In certain leasing situations, where the full tax advantages of
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private party ownership can be utilized, leasing can result in a reduction of
costs below those typically enjoyed through municipal (tax-exempt) financing.

The use of lease financing would require the resolution of significant legal
issues, such as whether the lease commitment is to be recognized as long term
debt of the municipality and, thus, subject to its debt limits. A more exten-
sive feasibility study would be required to determine if lease financing 1is
possible. Thus, at this time, lease financing is not considered practical.

Private Equity/Industrial Development Bonds

It is possible that a private party would implement, own and operate the de-
sired facilities. In fact, as a result of the reduction in Federal grant
support, there has been a corresponding increase 1in interest in the private
ownership of wastewater treatment plants. In Florida, private ownership of
facilities is well established; many small treatment facilities are owned and
operated by private parties.

In the case of private ownership, the financing would be effected through an
equity contribution by the private party and, presumably, through the sale of
tax exempt industrial development bonds. However; the practicality of such an
alternative would require a much more extensive feasibility study. Thus, for
this project, private ownership is viewed to be impractical,

Capital Contribution/User Fees

Theoretically, capital funds can be acquired through accumulation of addition-
al charges on existing user fees and through capacity charges to be paid by de-
velopers or new residents. 1In the case of an existing wastewater treatment
service, user charges could be increased and the resulting funds could be
accumulated to be utilized for the construction of the proposed additional
facilities, In addition, the proceeds of capacity charges could be accumy-
lated in the wastewater capacity fund.

Some qualifications are necessary regarding the accumulation of funds to pay
for capital costs of the Phase I facilities. Because of the time required to
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accumulate funds, such funds will not pay for a significant amount of the
required capital costs; thus, they would have to be utilized in combination
with other means of acquiring capital funds. Furthermore, it is expected that
rates for the City service area will be increased in order to generate the
necessary level of net revenues in advance of additional long-term capital
financing.

Based upon the capital cost estimates for the Phase I facilities, wastewater
system capacity charges can be calculated to recover the cost for each new
equivalent residential unit (ERU). The 10 MGD capacity of the Phase I facili-
ties is expressed on the basis of average daily flow in the maximum month.
The 10 MGD is equivalent to 8.33 MGD of annual average daily flow. Thus, the
total capacity cost per gallon per day of flow is $3.27 (= $27,226,300/8.33
MGD). Since 270 gallons per day, annual average daily flow, is attributable
to each ERU, the wastewater system capacity charge of $882.90 per ERU (= $3.27
x 270), say $880 per ERU, 1is calculated. It will be assumed that wastewater
capacity charges of $880 per ERU could be accumulated beginning January 1,
1984 to be used to help defray the total capital cost of Phase I facilities in
April 1985,

In addition to the accumulation of wastewater capacity charges from new con-
nections, a surcharge of perhaps 10 percent, for example, could be placed upon
the monthly wastewater bills of East System customers beginning in January
1984. These surcharges could then be accumulated for the purpose of paying a
portion of the capital cost of the Phase I facilities. The preliminary Utili-
ties Department budget for Fiscal Year 1984 projects $1,720,000 in wastewater
revenues. Thus, a 10 percent surcharge would generate approximately $172,000
in 1984, The amount of $172,000 for surcharges is assumed to be received also
in 1985,

There are some cases in which revenue bond issues are secured by a Tien upon
capacity dharges received by the system. The City of Orlando is contemplating
a large bond issue that would be serviced by pledged revenues comprised of
capacity charges, utility taxes and net revenues. Such an approach may be
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available to the City if a refunding bond issue were used, but is not
ble for additional parity bonds under the bond covenants of the ¢
1978 Bonds.

State Wastewater Grant Program

The State of Florida recently enacted the Water Quality Assurance Ac
Section IX of this act established a Wastewater Grant Program.
program is initially being funded at a level of $100,000,000. Of
funds available, 45 percent have been earmarked for the Small Commu
Grant Program intended for communities with populatiens of Tless 1
persons.

Communities desiring to obtain funding from this program must subr
application in order to be placed on the priority 1ist. Since n
this grant program are available, the City should make every effor!
this source of funding.

Utilities Department Funds On-Hand

The Utilities Department at present has approximately $5,000,000 in
it considers available for expenditure on the wastewater plan. Alth
diture of these monies may reduce the overall impact of the cost o
the resulting loss of interest income may necessitate an increasi

water system rates and charges.

Bond Anticipation Notes (BAN's)

Bond Anticipation Notes can provide an important interim source o

construction of the proposed wastewater facilities.
BAN's have several advantages as indicated below:

1. BAN's may need to be used initially as an interim measur
of the above long-term financing methods could be used.
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2. BAN's permit deferring the assumption of long-term debt until the
actual total cost of the project is known.

The BAN's could be issued by the start of construction in April 1985, and all
or a portion of the interest capitalized until final completion of the first
phase of construction in October 1986. The BAN's and associated capitalized
interest could then be paid off by debt issued in November 1986. An increase
in wastewater rates could then conceivably be deferred until November 1985.
The period from November 1985 to November 1986 would be the qualifying period
for meeting the 125 percent coverage on existing plus proposed bonds.

Summary

The foregoing subsections ~discuss alternative financing methods. For the
purposes of this report, it is assumed that the major source of financing
would be from additional revenue bonds issued on a par with existing revenue
bonds, with assistance from the accumulation of wastewater system capacity
charges and perhaps other revenues from surcharges. It is assumed that no
grant funds would be received. If, however, grant funds do become available,
these funds would reduce the charges shown subsequently in this section.

13,3 IMPACT OF THE PLAN ON SEWER RATES AND COST TO A TYPICAL CUSTOMER

This subsection presents the impact of the plan on sewer rates, based upon
estimates for accumulated funds, capital costs with related debt service, and
operation and maintenance costs. The effect on rates is then translated into
the cost to a typical customer.

Sources and Uses of Funds

Possible sources of funds projected to be accumulated and on-hand are shown in
Table 13-1., By April 1985, approximately $500,000 could have been accumula-
ted, consisting of $483,400 of capacity charges and wastewater surcharges,
plus interest earnings on these monies. The City may also elect to use
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TABLE 13-1
SOURCES OF ACCUMULATED FUNDS FROM PLANTATION EAST SYSTEM
TO DEFRAY PORTION OF PHASE I CAPITAL COSTS

New Wastewater Capacity Revenues from Total
Year ERU's (1) Charges (2) 10% Surcharge Revenues
1984 244 $ 214,720(3) $ 172,000(3) $ 386,720
1985 244 53,680 43,000 96,680
TOTAL 488 $ 268,400 $ 215,000 $ 483,400

(1)
(2)
(3)

Based upon population projections from Table 3-1.
Using $880.00 per new wastewater ERU.

Funds accumulated from January through March 1985 prior to beginning
construction in April 1985,
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$5,000,000 of investments currently on-hand, which, together with the $500, 000
of accumulated funds, would provide $5,500,000 of "up-front" funds to defray a
portion of the total Phase I capital costs.

It is conceivable that Gulfstream might wish to front-end a portion of the
capital costs of Phase [ facilities. As discussed subsequently in Section
13.4, Gulfstream would be allocated 46.9 percent of the capacity of the Phase
I wastewater facilities, using the reserved-capacity basis for cost alloca-
tion. If it assumed that Gulfstream would match the up-front funds provided
by Plantation under the cost allocation percentages of 46.9 percent for
Gulfstream and 53.1 percent for Plantation, Gulfstream's matching funds can be
calculated for various assumed Tevels of up-froat funding by Plantation. For
the case in which Plantation front ends $500,000 of monies, Gulfstream's
matching amount would be $441,620., If Plantation contributes $5,500,000 of
up-front monies, Gulfstream's matching share would be $4,857,815,

The other source of funds to meet the remaining amount of total monies re-
quired for the capital cost of Phase I facilities is assumed to be from the

proceeds of another revenue bond issue,

Uses of funds would be solely to pay the total capital costs of Phase I facili-
ties. Monies generated from possible surcharges and wastewater system capa-
city charges beyond April 1985 could be accumulated to help defray the cost of
the Phase II facilities.

Cost Estimates

Capital Costs. Phase I construction of the 10 MGD wastewater treatment plant

with deep well, pumping stations and force mains is assumed to take place from
April 1985 to October 1986. The total capital cost of Phase I is estimated as
$27,226,300.

Operation and Maintenance (0&M) Costs. Under the current configuration of

wastewater treatment and disposal, there are three separate facilities pro-
viding these services. With the recommended plan, there would be only one
wastewater treatment and disposal facility.

13-9



Economies of scale in operation would be achieved at a single facility as
compared with three separate facilities, primarily as a result of the reduc-
tion of fixed costs related to lower overall staffing levels. From recent
work done by CDM concerning economies of scale in 0&M expenses, these econo-
mies of scale can be roughly estimated. Currently the average 0&M cost for
each of the three treatment and disposal facilities, with related major trans-
mission facilities, is estimated as $0.59 per 1,000 galtons. For a single
large facility treating and disposing of the aggregate wastewater processed by
the three separate facilities, the current 0&M cost is estimated as $0.55 per
thousand gallons. Applying estimates of inflation to these unit costs, the
average 0&M cost for three separate facilities is estimated as $0.68 per thou-
sand gallons in 1985; whereas, for the single facility, 1985 0&M costs are
estimated at $0.63 per thousand gaillons. Thus, a $0.05 per thousand gallon
savings in 1985 is estimated by utilizing the single larger facility.

It is important to note that as a result of inflation, 0&M costs will increase
in the future. By continuing to operate three separate facilities, 0&M expen-
ses are estimated to increase by $0.09 per thousand gallons, from $0.59 to
$0.68. If, however, the recommended facilities are constructed, the 0&M cost
would increase only by $0.04 per thousand gallons, from $0.59 to $0.63. Thus,
more than half the cost of inflation is estimated to be offset by the effects
of economies of scale.

Debt Service Costs. In order to estimate the impact of the recommended plan
upon sewer rates, it is necessary to assume a method for financing these im-
provements. For the purposes of this report, it is assumed that additional
revenue bonds of a parity with the outstanding Series 1978 Bonds would be the
major source of financing for the recommended wastewater plan. Other sources
of funding to be considered are investments of the water and wastewater system
currently on-hand and accumulated reserves.

For the case in which the $27,226,300 is financed totally from the issuance of
additional revenue bonds, the total increase in annual principal and interest
cost would be $3,013,449, Using estimated interest earnings on the debt
service reserve fund to help pay for principal and interest, the additional
annual amount required from operating revenues equals $2,742,239, Table 13-2
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TABLE 13-2

ANNUAL PRINCTPAL AND INTEREST COST FOR ADDITIONAL BONDS
TO FINANCE PHASE I CONSTRUCTION: TOTAL COST OF $27,226,300

Assume:

- Revenue bonds for 30 years at 10% interest (Capital Recovery Factor =
0.1061).

- $27,226,300 of total capital costs including bond issuance costs, to
be funded from bond proceeds.

- No capitalized interest during construction.

- A debt service reserve fund to be funded from bond proceeds equal to
one annual principal and interest payment.

- Interest income on the average balance in the construction fund from
bond proceeds at 9% over the 18 months of construction.

- Interest income of 9% earned on the debt service reserve fund is used
to offset annual principal and interest payments.

Let P = Principal amount of additional bonds required.

R Debt service reserve = 0,1061P

Interest income on construction fund = 1.5 (0.09)($27,226,300/2)
.*. P = $27,226,300 + 0,1061P - 1.5 (0.09)($27,226,300/2)

0.8939p = $25,388,525

P = $28,401,974

With principal amount of bonds = $28,401,974, annual Principal and Interest
(P&I) related to these additional bonds is calculated:

Total P&I = 0,1061 X P = 0,1061 X $28,401,974 = $3,013,449

Since estimated income earned on the debt service reserve can be used to pay
for P&I, annual P&I required from operating revenues is calculated:

0.1061P - (0,09)(0.1061P)
$3,013,449 - (0.09)($3,013,449)
$2,742,239

P&I from Operating Revenues
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shows the assumptions and calculations used to determine this annual cost.
The covenants of the Series 1978 Bonds require that revenues, in conjunction
with excise taxes, be sufficient to generate a 25 percent coverage on debt
service, Since excise taxes are expected to be sufficient in themselves to
meet the 25 percent coverage requirement on existing plus additional debt,
revenues need only be adequate to pay 100 percent of debt service from the
standpoint of the rate covenant. Because it is necessary to have monies
available for renewal and replacement requirements related to the recommended
wastewater facilities, however, the rates should generate revenues in excess
of 100 percent of debt service. Bond covenants also require that 5 percent of
gross revenues of the previous fiscal year be deposited each year into the
Renewal and Replacement (R&R) Fund. Thus, the $3,013,449 of total additional
revenues for principal and interest required would also result in the need for
$150,672 (= 5% x $3,013,449) to be generated from revenues for deposit in the
R&R Fund. The total increase in wastewater revenues therefore must be
$2,892,911 (=$2,742,239 + $150,672). Although R&R needs related to the new
facilities would Tikely be minimal during the first several years of service,
the monies generated for R&R can be accumulated and used at such time as it

becomes necessary.

It is possible that up-front monies may be received to reduce the amount of
the bond issue required, as discussed previously in this section. Table 13-3
presents examples of various amounts of up-front monies that might be avail-
able to reduce additional debt requirements.

The above discussion of debt service costs assumed that interest on the bonds
would not be capitalized during the 18 month construction period. This
assumption impiies that debt service payments on the bonds would commence
shortly after issuance of the bonds from net revenues generated by existing
customers. Thus, the necessary increases in the wastewater rates to support
additional debt would be required as early as one year prior to issuance of
the bonds in order to accrue the monies to make the first debt payment. The
alternative would be to capitalize interest during the construction period.
Capitalization of interest would defer the timing of the needed rate increase
until shortly before issuance of the bonds. By capitalizing interest, how-
ever, the principal amount of the bonds would be increased. For the case in
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Plantation "Up-Front" Monies

TABLE 13-3
ADDITIONAL DEBT REQUIREMENTS AND DEBT SERVICE COST FOR VARIOUS LEVELS

OF “UP-FRONT" MONIES USED FOR PHASE I CAPITAL COSTS

Proceeds
10% Required
Wastewater Gulfstream Total From
Capacity Bill Investments  "Up-Front"  "Up-Front" Additzonal
Charges Surcharge  On Hand Monies Monies Bonds (1)
$ -0- $ -0- $ -0- $ -0- $  -0- $27,226,300
268,400 215,000 -0- -0- 483,400 - 26,726,300
(say $500,000)
268,400 215,000 5,000,000 -0- 5,483,400 21,726,300
{say $5,500,000)
268,400 215,000 -0- 441,620 925,020 26,284,680
fsay $941,620)
268,400 215,000 5,000,000 4,857,815 10,341,215 16,868,485

{say $10,357,815)

(I)Equals $27,226,300 minus "Total "Up-Front' Monies.”

Lalculated similarly as shown in Table 13-2.
(3)Ca1culated similarly as shown in Table 13-2.
4)Equals 5% of

5}Equaﬂs
(G)Equals

"Total Additional Annual Principal and Interest Requirements."
"Total Additional Annual Principal and Interest Requirements
"Net Additional Annyal Principal and Interest Requirements"

Total Net

Additional Additiona?
Principal Annual Additional Annual
Amount of Principal & Annual R&R Principal &
Additlo?al Interest R?- Requifs- Interest Rf-
Bonds!'?2 quirements{3)  ments(4) quirements (5)
$28,401,974 $3,013,449 $150,672 $2,742,239
27,880,383 2,958,109 147,905 2,691,879
22,664,876 2,404,743 120,237 2,188,316
27,420,178 2,909,281 145,464 2,647,446
17,597,204 1,867,063 93,353 1,699,028

" less estimated interest income on debt service reserve fund.
plus "Additional Annual R&R Requirements."

Sum of Het
Additional
P&I

Plus P&R
Require-
ments (6}

§2,892,911

2,839,784

2,308,553

2,792,910

1,792,381



which the $27,226,300 is financed totally from the issuance of additional
revenue bonds, the principal amount of the additional revenue bonds is estima-
ted as $33,671,784, Total annual principal and interest requirements related
to this additional debt is approximated as $3,572,576. Projected annual inter-
est earnings on the debt service reserve would reduce the amount required from
wastewater revenues to $3,251,044, A 5 percent allowance for R&R deposit
requirement would equal $178,628, bringing the total annual debt service plus
R&R requirements to $3,429,673 (= $3,251,044 + $178,628).

Impact of the Plan on Sewer Rates

Table 13-3 presented examples of the additional annual principal and interest
plus R&R requirements that would be needed. It is assumed that these would be
recovered from increases in the wastewater service rates. Based upon popula-
tion projections developed in Section 3, in 1985 there are projected to be
2,419,950 thousand gallons (TG) of wastewater from both the East System and
Gulfstream's System. Thus, for the case in which an additional $2,892,911
must be recovered for principal and interest plus R&R deposits, the increase
in cost per 1,000 gallons of wastewater is $1.20 ($2,892,911/2,419,950 TG).
Because of the economies of scale achieved in operations, 0&M cost would in-
crease only by $0.04 per thousand gallons, yielding an overall dncrease of
$1.24 per thousand gallons. With a typical wastewater service customer billed
for 8,000 gallons per month, the increase in the monthly wastewater bill would
be $9.92. Table 13-4 presents typical increases in costs per 1,000 gallons
for the examples of other levels of debt service plus R&R deposit requirements
given in Table 13-3, Also shown are the increases in the average monthly bill
of a wastewater service customer billed for 8,000 gatlons, including the in-
creased 0&M.~

As discussed previously, for the case in which interest is capitalized during
construction and there are no up-front monies provided, additional annual
principal and interest plus R&R deposit requirements would equal $3,429,673.
The increased cost per 1,000 gallons of wastewater thus equals $1.42
($3,429,673/2,419,950 TG). Adding the $0.04 per 1,000 gallons increase in 0&M
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costs, the increase in the wastewater bill to a customer billed for 8,000
gallons per month would equal $11.68. This amount is comparable to monthly
increase of $9.92 for the case in which interest is not capitalized.

In two of the cases presented in Tables 13-3 and 13-4, it was assumed that
$5,000,000 of investments on-hand would be used as a portion of up-front
monies. Using these investments would result in a loss of interest income.
Assuming a 9 percent interest rate on these investments, the annual loss of
interest income would equal $450,000. Wastewater rates would probably need to
be increased to compensate for all or a portion of this revenue loss. Thus,
up to an additional $0.19 per thousand gallons (= $450,000/2,419,950 TG) would
be required in the wastewater rate.

The values discussed above are calculated for 1985, when Phase I of the facili-
ties would be placed into service., Greater revenues for wastewater capacity
charges are projected beginning in 1986, Also, billable wastewater gallonage
would increase annually after 1985, Thus, with a fixed annual debt service
cost, the debt related cost per thousand gallons beyond 1985 would decrease.
Practically, however, the charge per thousand gallons to the wastewater ser-
vice customer 1in the years following 1985 may not be reduced because of the
effects of inflation on operating costs.

13.4 TYPICAL LARGE USER CHARGES FOR GULFSTREAM UTILITY COMPANY

Basis for Calculating Large User Charges

There are two different bases considered here for calculating typical large
user charges for Gulfstream. These bases are discussed below.

Reserved Capacity Basis. The reserve capacity basfs for calculating large
user charges is similar to that used by Broward County in allocating cost to

large users of the North District Regional Wastewater system. Gulfstream and
Plantation would each be allocated a portion of the capacity of the recom-
mended transmission, treatment and disposal facilities. The allocation would
be based upon the two utilities' respective percentages of total projected
wastewater flow in some future year. The year 1991 would be a desirable year
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TABLE 13-4
ADDITIONAL COST PER THOUSAND GALLONS OF WASTEWATER
FOR EXAMPLES GIVEN IN TABLE 13-3

Sum of Net Increase In The
Additional P&I Debt Plus R&R Related 0&M Cost Bill of A Typical
Plus R&R Increase In Cost Per Increase Per Customer Billed For
Requirements ‘1) 1,000 Gallons (2} 1,000 Gallons 8,000 Gallons3)
$2,892,911 $1.20 $0.04 $9.92

2,839,784 1.17 0.04 9.68
2,308,553 0.95 0.04 7.92

2,792,910 1.15 0.04 9,52

1,792,381 0.74 0,04 6.24

(1) Taken from Table 13-3.

(2) Equals "Additional P&I Plus R&R Requirements" divided by 2,419,950
thousand gallons. Does not include the cost of 0&M expenses.

(3) Equals "Debt Plus R&R Related Increase In Cost Per 1,000 Gallons" plus

$0.04 per 1,000 gallons for 0&M cost increases, all multiplied by 8,000
gallons.
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for allocation of reserve capacity ("reserve capacity year")}, since it marks
the end of the period for which the capacity of the Phase [ facilities is
adequate.

Equal-Cost-Per-Customer Basis. The philosophy underlying this basis for cost

allocation considers that all customers should incur the same cost per
thousand gallons of flow regardless of whether they live in Gulfstream's ser-
vice area or in the East System. This basis would thus treat all customers
within the City equally.

Example Large User Charges Using the Reserved Capacity Basis

Based upon the population projections given in Table 3-1, wastewater flow from
the Gulfstream service area would equal 46.9 percent of the total in 1991,
Gulfstream would therefore be allocated 46.9 percent of the debt service and
R&R costs related to the Phase I facilities.

Although it is possible that Gulfstream might have a large user charge for
debt service and R&R related costs levied on a fixed monthly charge basis,
large user charges are expressed on a gallonage basis herein for ease of
comparison,

For the case in which $27,226,300 are required from bond proceeds for construc-
tion of Phase I facilities, total annual principal and interest plus R&R de-
posit requirements are $2,892,911. Allocating 46.9 percent of this amount to
Gulfstream yields $1,356,775 to be recovered annually from Gulfstream. Assum-
ing that all wastewater generated within the Gulfstream service area is
measured by a master meter, the total amount of wastewater attributable to
Guifstream in 1985 would be 952,650 thousand gallons. The large user charge
to recover the debt and R&R capital related cost would be $1.42 per thousand
gallons {$%$1,356,775/952,650 TG). 1In addition to the $1.42, the cost of 0&M
would be recovered through the gallonage charge. The 0&M cost is estimated as
$0.63 per thousand gallons in 1985, which would bring the total large user
charge to $2.05 per thousand gallons. Offsetting the $0.63 per thousand

13-17



gallon increase for 0&M in the Targe user charge would be an estimated re-
duction in Gulfstream's 0&M costs by $0.68 per thousand gallons. Thus, the
net increase to Gulfstream would be $1.37 per thousand gallons in 1985,

Large user charges using the reserved capacity basis can be calculated for the
other examples of various up-front funding levels presented in Table 13-3.
These large user charges are calculated to give credit to Plantation and
Gul fstream for their respective amounts of up-front monies provided. Table
13-5 presents large user charges corresponding to the up-front funding levels
shown in Table 13-3,

Typical Large User Charges Using the Equal-Cost-Per Customer Basis

In this subsection, the large user charge to Gulfstream is calculated using
the equal-cost-per-customer basis. Again it is assumed that Gulfstream would
be billed on the total gallonage it generates as measured by a master meter,

For the equal-cost-per-customer basis, only one example large user charge is
calculated. This charge 1is calculated for the case in which no up-front
monies are contributed by either Plantation or Gulfstream. Total wastewater
flow from both Plantation and Gulfstream in 1985 is projected as 2,419,950 TG.
With the sum of net additional debt service and R&R deposit requirements of
$2,892,911 in 1985, the gallonage charge of $1.20 per TG is calculated. This
charge does not include the cost of operation and maintenance, estimated as
$0.63 per thousand gallons, which would bring the total large user charge up
to $1.83 per 1,000 gallons.

The equal-cost-per-customer basis could also be applied to examples in which
various levels of up-front funding are used. Such a basis would require
negotiations between Plantation and Gulfstream concerning the amount each
entity would put up in order that the customers of one system do not subsidize
those of the other,
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TABLE 13-5
EXAMPLES OF LARGE USER CHARGES TO GULFSTREAM IN 1985
UNDER THE RESERVED CAPACITY BASIS

Annual P&I Plus

Total Up-Front Total Up-Front R&R Requirements 0&M Total Gulfstream
Monies From Monies From Allocated to Gulfstream Cost Large User (2)(3)
Plantation Gulfstream Total (1) $/7G ($/76) Charge ($/TG)

$ -0- $ -0- $1,356,775 1.42 0.63 2.05
500, 000 -0- 1,356,775 1.42 0,63 2.05
5,500,000 -0- 1,356,775 1.42 0.63 2.05
500, 000 441,620 1,309,875 1.37 0.63 2.00
5,500,000 4,857,815 840,627 0.88 0.63 1.51

(1)

Allocated to Gulfstream on the basis of 46,9 percent of "Sum of Additional P&I plus R&R

Requirements" from Table 13-3, adjusted for respective amounts of up-front monies contributed
by Plantation and Gulfstream.

2) Equals "Annyal P&I plus R&R Requirements Allocated to Gulfstream" plus "0&M Cost."”

Gulfstream would experience an 0&M cost savings from discontinuation of its facilities
estimated as $0.68 per 1,000 gallons. Thus, net increase to Guifstream would be $0,05 per

1,000 gallons less than the unit “Annual P&I Plus R&R Requirements Allocated to Gulfstream"
shown,



13.5 SUMMARY

There are several different alternatives for obtaining funds to finance the
recommended plan. While it may be difficult for the City to obtain grant
funding, this source of external financing should be pursued vigorously by the
City. It is likely that the major portion of funding for the recommended
facilities would be from issuance of additional debt. Such new debt would be
supported by net revenues generated from the system, and would require an
increase in wastewater rates. Accumulation of funds, such as from capacity
charges and possibly from a wastewater bill surcharge, could lessen the amount
of additional debt required. Also, the use of investments on-hand by
Plantation and perhaps Gulfstream, could decrease the size of an additional
debt issue.

Depending upon the amount of additional debt needed to be incurred, the impact
of the recommended plan on sewer rates could vary from an increase of $0.74
per 1,000 gallons to $1.20 per 1,000 gallons for principal and interest plus
R&R deposit requirements. By implementing the recommended plan, economies of
scale in operations would result, and the 0&M cost is estimated to increase
onty by $0.04 per 1,000 gallons between now and 1985. Alternatively, the full
effect of inflation would cause an estimated $0.09 per 1,000 gallon increase
in O0&M costs by 1985 if three treatment and disposal facilities were retained.
Thus, the overall net increase in debt and 0&M costs could range from $0.78
per 1,000 gallons to $1.24 per 1,000 gallons. For a wastewater customer
bilied for 8,000 gallons per month, the increase could vary between $6.24 and
$9.92 per month.

Two bases have been considered to develop the large user charge for
Gulfstream. Under the reserved capacity basis, the charge to Gulfstream
related to principal, interest and R&R deposits could vary from $0.88 per
1,000 gallons to $1.42 per thousand gallons. To these charges must be added
the cost of 0&M, estimated as $0.63 per 1,000 gallons. Offsetting the large
user charge, however, is an estimated reduction of $0.68 per 1,000 gallons in
Gulfstream's 0&M costs.
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The costs discussed in this section reflect combined regional facilities
serving all of the City of Plantation, including the area served by Gulfstream
Utility Company. An alternative discussed by Gulfstream is for that utility
to proceed with a separate system improvement. It is important, therefore,
that there be a valid "oranges and oranges" comparison of the costs, financing
alternatives, cost impacts and institutional aspects of the plan detailed in
this design report with those of the Gulfstream "private” program. Only in
this way can the question of Gulfstream proceeding jointly with the City or on
its own be addressed.
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SECTION 14
SUMMARY AND RECOMMENDATIONS

14.1 INTRODUCTION

This preliminary design report has been prepared in order to provide a basis
for comparing the alternative of constructing a joint treatment facility for
Plantation and Gulfstream versus the other available wastewater treatment and
disposal options. This section summarizes the major conclusions of the report
and sets forth recommendations for future action. Organization of the section
is as follows:

14,2 Implementation Schedule
14,3 Summary
14.4 Recommendations

14.2 IMPLEMENTATION SCHEDULE

The timing for construction of this facility is critical, due to the require-
ment of no discharge to surface waters by mid-1986. If the decision is made
to serve Plantation and Gulfstream with this new facility, the implementation
schedule found in Figure 14-1 must be followed in order to meet the no dis-
charge requirement.

The implementation schedule allows a month for client review and a month for
regulatory agency review of this report. Preliminary design is scheduled to
begin November 1, 1983. Bids will be received in the last quarter of 1984,
with a Notice to Proceed to be issued in March 1985. The construction period
is 18 months, with beneficial occupancy in July 1986 and final completion in
September 1986,

14.3  SUMMARY

This design report addresses the preliminary design of a wastewater treatment

facility to jointly serve Plantation and Gulfstream. The major conclusions of
this report are summarized as follows:
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0 Projected wastewater flows for the study area were 7.9, 11.4, and
14.9 MGD for the years 1985, 1995, and 2005, respectively.

0 The recommended staging program is to build a 10 MGD faciiity in
1986, which will be expanded to 15 MGD in 1991,

o The total rated capacity of the existing facilities is 8.5 MGD, and
the projected flow in 1986 is 8,2 MGD. Therefore, the available
treatment capacity will be sufficient during the interim period.

o Gulfstream and South treatment plants will be abandoned. A 16.8 MGD
pumping station will be constructed at Gulfstream to pump wastewater
through a proposed 30-inch force main. A 3.5 MGD pumping station
will be constructed at the South site. An existing 16/20-inch force
main is sufficient to transport flows from the South service area.

o The conventional activated sludge treatment process was found to be
more cost-effective for the proposed facility than the extended
aeration process.

o Conventional sludge treatment and landfill disposal was found to be
more cost-effective than the "innovative" alternative of sludge
composting.

o A two-well system for deep well disposal is recommended, with one
well to be constructed in each phase.

o A total construction cost of $27,226,300 has been estimated for the
10 MGD phase of the proposed facility.

0 An additional user fee in the range of $6.24 to $9.92 per month was
determined to be the impact on a typical residential customer.

14.4 RECOMMENDATIONS

From this design report, several recommendations have been developed, as
follows: -

o The City Council may utilize the findings of this report to compare
the option of a joint treatment facility with the other wastewater
treatment and disposal options available.

0 The City should continue to pursue a definite course of action for
eliminating existing surface water discharges presently occurring
within the City limits.
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o The City should file the appropriate applications for state and
federal funding of the facilities.

o A detailed staffing analysis should be conducted for the proposed
facility to determine operating staff requirements.
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@ED Smith& *
Loveless,nc.

S-101

Pista’° Grit Chamber

Grit !
" \f Grit chamber
removal
unveyor l
—J

~

Comminutor screening drum

Optional Features
Grit handling equipment can be a screw conveyor of
classification chamber, depending upon transportation
and disposal facilities available at the treatment system.
Bridge can be either concrete or steel. Chamber is
available in steel as a completely factory-built unit, up to
12MGD. Larger sizes are usually concrete.

S&L Grit Chamber Design Criteria
Model Maximum Paddle Motor Blower
Number Flaw (MGD} Harsepower HP
25 o 2.5 0.5 2
4 2.5-4.0 0.5 2
7 4.0-7.0 0.75% 3
12 7.0-12.0 1.0 3
20 12.0-20.0 1.5 5
30 20.0-30.0 2.0 5
50 30.0-56.0 3.0 5

Advantages of a Grit Chamber

Grit chambers are installed because grit, due to its
settling characteristics, wiil settle in aeration tanks and
clarifiers, clogging hoppers and sludge outlets. The
presence of excess grit makes sludge handling difficult, as
well as decreasing the effective size of the treatment
compartment where it settles. In addition, the presence of
grit in the wastewater flow can drastically reduce the
service life of the pumps, comminutors and valves, as well
as increase maintenance time and cost.

A grit chamber should be designed to settle out grit
particles down to approximately 100-mesh size. Generaliy
grit smaller than 60 tc 70 mesh will not materially affect
machinery life, so a gril removal system must be designed
for removal to 100-mesh size to maintain an acceptable
overall efficiency.

Advantages of Pista Grit Chamber

The Pista Grit Chamber, combining the design features
of a gravity separator and an aerated grit chamber,
removes grit from the waste flow without loss of head,
using a minimum of space and without being affected by
variable hydraulic loading. The special Pista design
provides the required retention time for grit to settle, yet
maintains a constant velocity of flow through the chamber
to keep the organic particles in suspension. The design
also has no chains, buckets, bearings or drive components
submerged in the chamber where abrasion and corrosion
could cause rapid wear.

Operation of the Pista Grit Chamber

The waste stream enters the unit, is circulated around
the chamber by the specially designed paddles, and exits
into the downstream channel, The paddles are attached to
a drive torque tube which is driven by a clarifier-type bull
gear and helical-gear drive unit. The paddles maintain a
controlled hydraulic regime in the settling chamber
independent of the hydraulic flow to the grit chamber.
Grit settles out of the waste flow, is moved towards the
center of the unit, and settles into the lower collection
hopper. At intervals, which must be determined for each
particular application, the collected grit is air-scoured to
remove any settled organics and air-lifted out of the
hopper to the discharge system. Grit discharge can be
manual or automatic based on time or flow to the unit.
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Two §5-foot diameter type C20D claritiers at Greeley,
Colorado, reating municigal waste. Parker and Underwood,
consufting engineers.

%, 4
S
FOR ACTIVATED SLUDGE PLANTS:
THE TYPE C2D MECHANISM —

The Eimco Type C2D activated sludge
return clarifier mechanism is specificaily de-
signed for application in activaled sludge
plants. The mechanism features controlled,
continuous, high-volume sludge removal,
thus permitting the return of a biologically
active sludge to the aeration basins. This
assures maximum control and efficiency of
the activated sludge process.

As the activated sludge separates from
the mixed liguor introduced into the clari-
fier, it is collected through orifices into rec-
tangular ducts rotating just above the clari-
fier floor. Each duct section is provided with
its individual siudge drawoff pipe exiending
to a collection drum surrounding the center
column. Rate of withdrawal from each sludge
drawoff pipe is regulated by an adjustable
control gate, using an operating wrench from
the operating platform. This unique system
of controlled sludge withdrawal permits the
operator to easily obtain the optimum sludge
return for the process witheut the need to
either dewater the clarifier or fuss with the
cumbersome, fixed discharge rate provided
by overflow rings that are subject to fouling

The C2D clarifier is made in sizes fro%

30 to 200 feet diameter, with or without
surface skimming.

The Eimco Type C2DC is available with
sludge drawoff pipes for square units.

One of two 185-foot-diameter type C2D clariliers

treating waste from Southland Paper Mills, Inc. plant at

Sheidon, Texas. Brown & Root, Inc., consulling engincers.
(t
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PERFORMANCE CHART

TYPE SP/65

PORTS ASA-1504 2-1/2"
PUMPHOSE INNER DIAMETER 2.561 Inch (65mm)

20

How To Calculate Speed/Horsepowar
("} Fiow Reguired
(& Reaured Speed
(D Calculated Pressure
(&) Horsepower Required

Disptacement perrev. 1.75 gal ./6.62 liter

Continuous use
8 hours/day

hp

10

N

~

e}

%

-4

NOTES:
“Minimum running drive

LA
]

PONIE T

torque requirement betow
this hp is 4,100 in. {bs.
Depending on coperating
environment, starting torque
can be two to three times
running torgue.

For termperatures higher than

1 170°F, consult factory.
20 40 60 80 100
@ rev./min
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COPLASTIX

FLUID CONTROL EQUIPMENT

Sealing

Water tightness of Coplastix progucts 18
determined by 1ha duty for which the product
has been designed. For exampie: Stop Logs
will not be as water light as sluice gates,
similarly Chased Inverls will be more water-
tight than Flush inverts. Generally, the degree
ol sealing achieved is defined as 28.04 & 28.05
from AWWA Spec . C501-67.

Sizes

Coplastix products are manufactured in a
range of prelerred imperial sizes. These
preferred tems are very compelifive in price
and are availacie either ex-stock or on a
compar atively shart term delivery. ltems

outside tha preferrad rangas, in maltric of
imparial sizes, and incerporaling individual of
special [eatures. can be quoled on request.
This provides an almost infinite choice of
specification.

Future Developments

As pioneers in the introduction of synthetics in
the manutacture of fiuid conircl equipment,
Coplastix has achieved a marked success in
this field. Now, as part of Ashbrook-Simon-
Hartiey,it combines many years of experience
in the manutacture of high performance
equipment (or sirnilar types of applications.
This experience logether with knowledge of
the waler and srwage enqinears’ problems

enables Ashbrook -Simon-Hartley 1o oifer i3
sarvices with complete conlidenca.

Rapid progress in the development of new
synthetic malerials and techniques means that
futl advantage will be made of new
discoveries in order to continue the
development of Coplastix products and
Ashbrook-Simon-Hartley as the largest
suppliers of plastic fiuid-control equipment {0
the water, sewage and effluen! ireatment
industries.
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Compansons shown here belween a similar size of
east-ron sluice gate. Rubasil sluice gale and
Coplasux sluice gate building-in requirements
highlight the considerable savings lhat can be made
when insralling Ceplaslix channel sluice gates. No
special reinlorcing or deep recessing is needed;
channe! wall-thickness can te reduced by over 80%
and 'ha area necessary far the construction of a
double 36 in channel s reduced by 16%.

DISTINCTIVE FEATURES Common to all COPLASTIX Products

Advantages
Greatly reduced weight

Low friction in moving parts

Corrosion.[rec materials
Smocth plasthic surfaces

Non-toxic

Low thermal expansion
Flush-invert sluice gates
Smaller overall frame s1ze

Wide temperature range

Good tire properties

Bonefits

Reduction in handling and installation costs. Reduction in
lorque requirements for sluice gate door operation. Larger
units before geared cperation is necessary. Smaller and
less costly actuators, when fitted.

Less physical effort lor manual operation. Smaller
handwheels. Smaller and less costly acluators lor
motorized units.

Longer functional life. Resistance o chemical atlack is tetter
than most metals. Hardly any maintenance needed.

No painting required. original color maintainec. Cleans with
a wipe. Repels algae and marine growth.

Not affecting or effected by most chemical processes.
Wil not buckte or warp.

Ne grit pockeats in channel ftoor.

Simpler mounting.

Expansion in the finished Coplastix products is well catered
for between the ranges ol minus 30°C and plus 63°C.

Most Coplastix materials are compietely sel!-extinguishing
and are in Class | Spread of Flame rating table.

@3) ASHBROOK-SIMON-HARTLEY

11600 East Hardy, Houslon, Texas 77033
Mailing Address: P.C. Box 16327 Houslon, Texas 77022
713/4490322 TELEX: 16-6139

COP SiI81-R
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MORRIS

MAX SPHERE 3.9"

2451 CC-1A
AUGUST 1974
TYPE 12 EC— 3 VANES
IMP. HYD. NO. 5604800 CAS. HYD. NO.

5604803
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SHARPLES
POLYMIZER'
CENTRIFUGES

LDULLL 11y 1 JyyM

Our latest innovation in cost-effective sludge dewatering.



Basic Specifications of
@® POLYMIZER Centrifuges

ﬁ]ﬂ

= e
L
| E
D
Side View End View
Height (in.) Length (in.)
Connected Centrifugal . . Width** With Without Approx.
Model Motor Force g?osslgg Cg:g;g (in) cErdrg: CE?%{ Weight***

i Horsepower (range in G's) A A c Brake Brake (Ib.)
i D E
j PM-20000 10-25 1000-2500 34 51 76 98 73 2000
|  PM-30000 20-40 1000-2500 38 54 76 116 92 2500
|~ pm-35000 20-50 1000-2500 39 55 76 116 92 3100
{  PM-40000 5G-75 1000-2500 42 64 104 174 146 6000

PM-50000 60-75 1000-2500 42 , » 64*, 40 107 204 |, 176 7400
@ PM-55000°F EERES 01 00E e et 000- : Tt 3 ket :

PM-60000 75-125 1000-2500 48 74* | 140 199 165 11,700

PM-7G000 75-125 1600-2500 48 74" 140 224 190 13,400

PM-75000 75-150 1000-2500 51 79 140 224 190 16,100

PM-80000 - 75-150 1006-2300 45 69 126 237 194 15,500

PM-85000 125-200 1000-2000 69 110 165 300 260 34,000

Spacifications subjact to change without notica. _ .
*Caing covar not hinged. Dimension shown is vertical height of vpper cover to claar adjacent machine.
**Without lube system,

***Without drive mator and back drive.

Consider POLYMIZER centrifuges
early in your plans.

For a wide variety of sludge dewatering situations.
Start with a telephone call to one of our experi-
enced engineering and sales representatives. Ask
him to arrange an on-site test. Or a visit to an

operating Performance Center. See the back cover
for the tetephone number of the representative
nearest to you.
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The Ashbrook-Simon-Hartle

ready to produce a dry,

rook-Simon-Hartley Model KP Beit Pre
cost-efficiency than centrifuges,

delt Presses provide a better
_ filter presses or rotary vacuum-
drum filters. Each press is delivered as a complete package,

e ,manageabl‘e-sludgqt':éke._ N
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TABLE OF

WEIGHTS AND SIZES-ASHBROOK:SIMON-HARTLEY MODEL KP BELT PRESS

IM3/4"

.
——— 33" ~——r ; 78l '
TO WASH WATER CONNECTION
T e o — At )
\
8334y acly !
e T | R—
BELY WIDTH
. 2" WASH WATER
k1 h [INI.ET CORNECTION
| o e
, 12 5"4‘
| 1 . . 1 : ‘ H
- ' ol LI
|_ i L i J \IH DIAéMOUNTING " LIS
. 60 - 65 ==l =-3" HOLES [T¥P oF §) MTG HOLE CENTER DISTANCE " 4
- () Lq Ve
FRAME WIDTH
# LIFT POINTS INDICATED
{TYPICAL BOTH SIDES) ‘ft——
/’/‘,' OVERALL WIDTH
L™y
POWER REG'T. ¥%
PRESS [HYD UNIT| UNIT wT SLUDGE] 1 a0 Pl Tt [y Vet
DRIVE | DRIVE ) WET | A B C D I E
SIZE i 3 HP (1% HP 15,000 | 59l | 2% | sy | arly | a5l
18" i w " 0 w |, T
SIZE 2 {1 3-8HP il HP 19,800 6 9% | 027y |102% | &7l | 75 %
SIZE 3 jl3-swp ity e | 26400 | 6 | 9s¥ 10Ty | izl 86l | 947y
HYDRAULIC

POWER UNIT

EMPTY WEIGHY - 440 LAS
FULL WEIGHT — 580 LBS

Wl NAMEPLATE HORSEPOWER
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The standard W&T Polyelectrolyte System automatically
prepares and ages solutions of polyelectrolyte from the
dry chemical. An optional arrangement of the system pre-
pares and ages solutions from either dry or liquid poly-
mers. Both systems are also designed to dilute the pre-
pared solution to the optimum degree and meter it to the
point of application.

Whether for coagulatieon or flocculation, the polyelectro-
lytes are very efficient: They reduce te a small fraction
the tons of conventional ¢hemical required to do a good job
of settling suspended solids. Thus W&T Polyelectrolyte
Systems are ideal for potable water treatment, wastewater
treatrmment, or industrial processes in such applications as:

[

sedimentation of municipal water, sewage, and industral
wastes;

settling of hydrous metol oxides in metal-finishing wastewater;

improves solids capture and supernatant clarity; increases
throughput in centrifugation of alum muds;

gravity settling of steel mill scale, waste pickle liquoer, rolling
mill wastes, zing, chremate, latex, and sugar mill wastes, tan-
nery wastewater;

brine clarification in recovering magnesium tompounds from
seawater;

clarification of beet and sugar cone juice,

Also:

thickening of coal refuse; dewatering aid for vecuum filters
and drying beds; sludge conditioning for improved dewcter-
ing in secondary wastewaler treatment;

as g filter aid by imparting a ""charge™ to the filter media in
filtrotian of alum muds, sewage sludges, and fermentation

broths;

increases retention of fillers, pigments, and other wet-end ad-
ditiens en cylinder poper machines.,

- l ]
CAT,FILE

350 200




TECHNICAL DATA

DIMENSIONS 1—

S L=

capacity

System capacity is a function of tank size, soluticn ageing
time, and metering rate, EXAMPLE: For ageing time of
30 minutes and a tank size of 130 gallons (95-gallon batch
size), minimum recycling time would be 44.25 minutes
(4.75 minutes to fill the tank, 30 minutes to age, and 9.5
minutes to transfer). Thus a new batch of aged solution
could be ready for metering about every 44 minutes—if
withdrawn that fast. This preparation rate would yield
32.5 batches per 24 hours or 3090 gpd of polymer solu-
tion, With a solution concentration of 0.259,, a system of
this size is sufficient to treat a 15 mgd flow at a treatment
level of 0.5 mg/L.Larger tanks, higher solution concentra-
tions, and/or shorter ageing times will provide increased
system capacity.

viscosity limits
133-gallon tank with V3 hp mixer; 6000 cps;
225-gallon tank with ¥4 hp mixer: 7500 cps;
357-gallon tank with 34 hp mixer: 10,000 cps;

transfer pump: 10,000 cps;
Series 44-747/44-748 Pump with spring poppets;

10,000 cps at 65 spm;

Series 44-115/44-125 Pump with spring-loaded Viton
balls: 10,000 cps at 114 spm, 5500 cps at 195 spm,
NGTE: All viscosilies are at determined by o Brooksfield viscomeler with #2
and J spindles at a spead of I rpm,
metering pump
Diaphragm type meters aged sclution to application point,
Capacities of 500, 1,000, 2,500, and 5,000 gpd; discharge
pressures to 50 psi, and 10:1 operating range (for induc-
tion-motor pump). Corrosion- resistant plastic construction
including a nylon-reinforced Hypalon diaphragm, PVC
pumping head with other wetted parts made of KYNAR®
vinylidene fluoride resin, PVC, Viton, stainless steel, and
Monel. Contro! can be manual with a feed rate adjusting
crank or, with optional variable-speed control, manual
from the control panel or automatic by 1-5, 4-20, or 10-50
mA dc control input.

optional metering pump

Diaphragm type meters liquid polymer into the ageing
tank, Capacities are 500 or 1000 gpd, 10:1 operating
range. Manual controel with a feed rate adjusting crank.
Corrosion-resistant construction.

dry feeder

Screw-type with electric variable-speed control. For the
polymer system, 22 combinations of screw sizes, belt pul-

ley steps, and gearbox ratios provide maximum feedrate
selections from 0.03 to 7.5 cu {t per hour. Continuous
operating range is 15:1. Hopper capacity is 1.6 cu ft, De-
signed for easy cleaning and corrosion resistance. Upper
hopper is fiber glass; hopper-wal]l agitators are Buna N;
the feed screw and trough are stainless steel; the discharge
spout is TFE. Manual feed rate control from the control
panel] with speed (feed rate) readeut on a meter calibrated
(0-100% of capacity.

water requirements -

20 gpm at minimum pressure of 50 psi during wetting-cone
operation, Dilution water flow varies with type of polymer
and solution concentration required, but maximum is 18 or
53 gpm depending on maximum metering pump capacity.

tanks

130-, 225-, or 350-galion seamless fiber glass with tight-
fitting fiber glass covers and overflow and drain
connections.

mixers
Standard and optional mixers have motors geared down to
400 rpm.

transfer pump

Compact, corrosion-resistant slow-speed progressive—<avity
pump; capacity is 10 gpm.

custom systems

Custom-designed systems to meet a variety of require-
ments are also available,

motor characteristics
Dry feeder:
Mixer:

L hp, 115 volt, 60 Hz.
143, Y2, or %4 hp, 115 volt, 60 Hz.

Metering Pump: Y hp, 115 volt, 60 Hz.
(Y or Y% hp, 0-90 volts de for SCR drive).

Optional metering pump: ¥ hp, 115 volt, 60 Hz.
Transfer Pump: % hp, 115 velt, 60 Hz.
power requirements

60 amperes (two 30-ampere circuits).

shipping weight

2800 b,

LEIreERICES

Literature on system components and related distribution
equipment is available on request.

Progressive changes in design may be made without prior announcement.

WALLACE & TIERNAN DIVISION
PENNWALT CORPORATION
25 MAIN STREET
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FEATURES

» CAT DIESEL GENERATOR SETS

Factory Designed . .. assembled . . . tested and delivered to
you in a package that is ready to be connected to your fuel
and power lines . . . supported 100% by your Caterpillar Dealer.

¢ RELIABLE, FUEL EFFICIENT DIESEL

The compact, four-stroke-cycle diesel engine combines
durability with minimum weight while providing dependability
and economy. The fuel systern operates on a variaty of fuels.
» THE CAT GENERATOR

Single-bearing wye connected brushless generator designed
to match performance and output characteristics of the
Caterpiliar Diesel Engine that drives it.

« BROAD LOAD ACCEPTANCE

Regulater features three phase sensing . . . Precisely monitors
and regulates output to maintain excellent control.

STANDARD ARRANGEMENT

Engine:
Air Cleaner with
Service Indicators
Breather, Crankcase
Cooler, Lubricating Qil
Exhaust Fitting and Flange
Filters
Fuel, RH with
Service Indicators
Lubricating Qil
Flexible Fuet Lines
Flywheel
Flywheel Housing. SAE No. 00
Governor, Electronic 2301
Speed Control/EG10P
Insirument Panel
Engine Gil Pressure
Fuel Pressure
Qil Filter Differential
Jacket Water Temperature

NOTE: Engine wired for
Automatic Start-Stop.

Lifting Eyes
Manifold, Exhaust, Dry
Pumps, Fuel and Lubricating
Fuel Priming
Fuel Transfer
Lubricating Qil
Pumps, Water
Jacket Water
Rails, Mounting
Service Meter
Shutoff, Electrical
.Oil Pressure, Water
Temperature and QOverspeed
Shutotf, Manuai
Tach Drive, Dual

Generator
SR4 Brushless
with Voltage Regulator

ACCESSORY EQUIPMENT

Engine:

Air Cleaners, Heavy-Duty

Cooling Systems

Exhaust Fittings

Flywhee! and Housing,
SAE No. 0

Governor, Woodward UGSBD

Instrument Panel, Premium

Power Takeolls

Protection Devices

Starting, Air and Electric

Tachometer Orive, Dual

Generator:
Current Boost System
Manual Voltage Control
Space Heater
Temperature Rise Detectors
Switchgear
Automatic Start-Stap
Battery Charger
Circuit Breaker

Manuat

Electric Cperated
Enclesure-Fioor Standing

NEMA 1
Main Load Bus
Paralleling

Manual

Permissive
Protective Relays

Arrangement may be shown with optional equipment.

GENERAL SPECIFICATIONS

CAT 3512 ENGINE

1800 RPM

Type—Watercooied Diesel

Aspiration—Turbocharged-
Aftercooled

Cycle—Four-Stroke

Na. of Cyfinders—Vv12

Bore—6.7 in (170 mm)

Stroke—7.5 in (190 mm)

Piston Displacement —
3158 cu in (51.8 liter)

CAT SR4 GENERATOR
60 Hertz
Type—Brushless, Revolving field, Sofid-State Exciter
Construction—Single Bearing—Ciose Coupled
Phase—3
Wire, Connection— 4 Wire (689 Frame), Wye
10 Wire (685 Frame), Wye

Meets or exceeds NEMA MG 1-22 std. requirements
Insulation—Class F with tropicalization & anti abrasion
Three Phase Sensing
Enclosure—Drip Proof
Alignment—Pilot Shaft
Overspeed Capability—125%
Wave Form—Less than 5% deviation
Parailel Capability —Standard
Voltage Regulator—Generator Mounted, Volts per Hertz
Voltage Regulation—Less than 1%
Voltage Droop—Adjustable for paralle! operation
Voltage Gain—Adjustable to compensate for engine

speed droop and line loss

VOLTAGES AVAILABLE

139/240 {685 Frame QOnly)
277/480, 346/600
(Adjustable a minimum of +5% — 10%)



3512 GENERATOR SET

PRIME

S800-1000 kW

800 kW — 1000 kVeA wiian
840 kW @ 0.8 PF without fan
1188 Engine HP without fan”

FUEL RATE DATA

PERCENT LCAD 25 50 75 100
kW with Fan 200 400 600 800
galfhr 215 34.0 47.5 60.5
liter/hr 814 128.7 | 179.7 | 229.0
DERATION DATA
AMBIENT *F 68 86 104 122
TEMPERATURE °C 20 30 40 50
6726
ALTITUDE feet 9252 | B465 7546
meter 2820 2580 2300 2050
TECHNICAL DATA
Rating Rating Type
Information Power Rating @ 0.8 PF w/Fan KW
Power Rating @ 0.8 PF wlo Fan- kW
Cooling Engine Coolant Capacity w/o Radiator L
System Engine Coolant Capacity with Std. Rad. L
Standard Radiator Arrangement Data:
Air Flow (Max. @ Rated Sgeed) m’/min
Air Flow Restriction (Max. Allowable) kPa
Ambient Air Temperature (Max. Allowable) °C
Coalant Pump External Resistance (Max. Allowabie) m H.0
Coalant Pump Flow @ Max. Allowable Resistance L/imin
Exhaust System Backpressure (Max, Allowable) kPa
Systemn
Mounting Length Overall mm
System Height Overall mm
{Eng., Gen. Width Overall mm
& Rad.) Unit Dry Weight kg
Performance  Combustion Air Iniet Flow Rate m*min
Data @ Rated Exhaust Gas Flow Rate m?*/min
Caonditions Exhaust Gas Stack Temgerature °C
Heat Rejection to Coolant (Total) KW
Heat Rejection to Exhaust (Total) kW
Heat Rejection to Atmosphere From Engine kw
Heat Rejection to Atmosphere From Generator kW

CONDITIONS & DEFINITIONS

Standby — For continuous electrical service during
interruption of ncrmal gcower.

Prime — For continuous electrical service.

Performance is based on SAE J1349 standard conditions of

100 kPa (29.81 in Hg) and 25°C {77 °F). Peformance also applies

at 1ISO 3046/1, DIN 6271 and BS 5514 standard conditions of

100 kPa (29.61 in Hg), 27°C (81°F) and 60% relative humidity.

Fuel consumption is based on fuel ¢il having an HHYV of
45 570 kJikg (19,530 Btuw/Ik) and weighing 848 g/liter
(7.076 1b/U.5. gal).

No engine deration is required for ambient temperature up to
50°C (122°F) except as shown on the deration data chart.

These capability charts apply 1o the engine only and include
considerations for humidity. If air cieaner iniet conditions
exceed the appropriate standard conditicns, consult your
Caterpillar Dealer for necessary deration.

*Fuel stop power ISO 3046/1 or DIN 6271 or BS 5514.

LEHX2480
Supersedes LEHX2100

Calerpiltar, Cal, ang (B are Tragemarxs of Calerpillar Tractor Co

STANDBY

1000 kW — 1250 kVeA w/fan
1040 kW @ 0.8 PF without fan
147% Engine HP without fan*

25 50 75 100

250 500 750 1000

251 40.5 56.7 74.2

94.8 153.3 | 2146 | 280.9

68 86 104 122

20 30 40 50

3118 2297 1312 492

950 700 i 400 150

Si METRIC ENGLISH
PRIME STBY PRIME STBY
80C 1000 KW 800 1000
840 1040 kW 840 1040
147.6  147.6 gal 39.0  39.0
3335 3335 gal 881 881
1996 1994 cfm 70,400 70,400
012 012 in H:0 0.5 0.5
55 55 °F 130 130
1.1 11.% ft H:O 36.4 36.4
1200 1200 gpm 317.0 3179
6.7 6.7 in H.0 27 27
5102 5102 in 200.86 200.86
2555 2555 in 100.57 1G0.57
2223 2223 in 87.50  87.50
9545 9545 to 21,043 21,043
87.5  100.3 cfm 3090 3545
2455 2850 cim 7610 9120
470 500 °F 578 932
563 710 Btuimin 32,018 40,377
911 1143 Btuimin 51,808 65,037
130 156 Btuimin 7393 8876
416 530 Btuimin 2367 3016

Materials and specilicalions are subject to change without notice.
The Internalionat System of Units (SN is used in Ihis publication.

Printed in U.S.A.
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The Wallace & Tiernan Series 50-202 Evaporator is an
immersed-tank heat exchanger designed specifically to
evaporate liquid chlorine, sulfur dioxide, or ammonia.
Heat from 2 hot water bath converts liquid to gas. Opera-
tion is fully automatic; the system is snmple and direct. It
is designed to provide effective service with minimum
maintenance,

The evaporator (sometimes called a “vaporizer”) comes
in two types: An electric type in which water for the bath
is heated by an external heater and is circulated. A steam
or hot water type gets hot water for the bath from an ex-
ternal steamn or hot water heat exchanger or from some
other hot water source.

Optional pre-wired electric evoporalor with junc-
tion box in center and combination contacior at
uvpper right. Electric water-bath heater is ot left.




AT FILE 50.202

DIMENSIONS

ct—- s o,

line pressure retief system: combination contactor {electric
heater type only) in a NEMA 12/3 enclosure; liquid auto-
matic switchover system for ton containers or tank cars.
Both evaporator types can be factory pre-wired; the elec-
tric heater type can be ordered in a weather-resistant out-
door arrangement which can be pre-wired.

Optional but necessary for operation of the hot water
type: a thermostat-controiled wvalve for steam or hot
water; steam or hot water heat exchanger; hot water circu-

lating pump; steam trap; steam relief valve; steam pres-
sure regulating valve.

shipping weight Approximately 800 Ib.
SERVICE AND REFERENCES

Prompt service on W&T equipment is available from
branch offices in principal cities. More technical data avail-
able in other publications. Also see paragraph 2.2.5.3,
“Liquid Discharge,” in the Chlorine Institute’s Chlorine
Manual for operating recornmendations on liquid chlorine
supplies.
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Progressive changes in design may be made withoul pricr announcement,

WALLACE & TIERNAN DIVISION
PENNWALT CORPORATION

25 MAIN STREET

BELLEVILLE, NEW JERSEY 07109

WALLALCE eTIERNAN

= MENNWALT
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HEALTH PRODUCTS
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The Wallace & Tiernan Remote Vacuum V-800 Chlorina-
tor is an important advance in the technology of chlorine
application, It features the precision feeding of the V-notch
Variable Orifice, virtual non-venting operation, and re-
mote vacuum control. Automatic switchover arrangements
and a diverse selection of automatic and remote control op-
tions are available. Feed rate can be selected from a wide
range of capacities. Control components are housed in func
tional, modular cabinets engineered for easy installation.

With remote vacuurh control, the chlorinator’s system
operates entirely under vacuum. W&T's unique vacuum

left: 8000-1b Modute

Middle: 2000-1b Module

. Right: 500-tb Module

regulator-—pressure check unit reduces the gas pressure to
a vacuum right at the supply source. It also results in
gas-flow regulation that is essentially free from venting,
Optional automatic switchover arrangements can auto-
matically shift the chlorinator to a fresh supply without
interrupting service.

The Series V-800 Chlorinator design complies with the
fecommendations of the Chlorine Institute. It also con-
forms to applicable current standards of the National
Electric Code and the National Electrical Manufacturers’
Association.
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This liquid-handling system is designed to’give automatic changeover

to a new supply when the on-line supply runs out. For use ahead of
evaporator-chlorinator combinations, the systemn consists of two motorized
ball valves and a diaphragm-protected pressure switch, These units are
monitored and controlled from a control panel. Changeover is fully automatic;
but manual changeover can be accomplished by a selector switch on the control
panel. For use on ton containers and other large supplies, the system is
capable of supplying chiorine toc a maximum of 10 manifolded evaporators.
It can also be used on liquid ammonia or sulfur dioxide supplies,
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CHLORINE DETECTGR

Wallace & Tiernan Series 50-125 Chlorine Detector is
designed to react guickly to the presence of chlorine in
ambient air. The sensor will respond within seconds to 1
ppm of chlorine. This response is in accord with present
" OSHA regulafions which restrict chiorine exposure to a
ceiling limit of 1 ppm. If an alarm prior to reaching the
ceiling limit is required, the sensitivily level of the detector
can be converted easily in the field to respond within sec-
onds to 0.5 ppm of chlorine.

Simplicity, in both design and operation, puts this unit in
a class apart from the complex instrurmneni-type detectors.
It's the first {ruly uncomplicated chlorine detector...de-
pendable, economical, sensitive, easy fo operate and fo
maintain.

FEATURES

SELF CLEANING SENSOR

The measuring electrode is continuously washed by gravity
flow of the electrolyte. This minimizes the possibility of
dirt and contaminants interfering with the sensor reacting
toe chlerine,

ADJUSTABLE RESPONSE LEVEL

Two sensitivity levels are provided with each detector,
1 ppm or 3 ppm. The level of operaticn is selected by a
switch on the control panel. The sensitivity levels can be
easily converted in the field to 0.5 ppm and 3 ppm. Alarm
circuitry can be checked for all response levels with test
butten en front panel of detector.

POSITIVE/SAMPLING, /RAPID RESPONSE

A fan built into the wall-mounted detector arrangement,
or a remote blower unit used with the panel-mounted and
module detector arrangements, provides positive air sam-
pling. The sensor is kept in continuous contact with the
ambient air and is not dependent on rcom “air currents”
to bring the air sample to the sensor. The presence of 0.5
ppm, 1 ppm or 3 ppm of chlorine is detected within seconds,

AUTOMATIC RESET

The Series 50-125 Detector can be wired to activate ven-
tilating fans automatically in chlorine-alarm-leve] situa-
tions. Fans will operate unti} chlorine level is less than set
sensitivity limit. The detector will reset (return to normal
alarm readiness) automatically at this same condition.

POWER-FAILURE ALARMING

In the event of a power interruption (greater than 0.5
seconds) or a blown fuse, the detector automatically goes
into an alarm state. (Alarm and power-on lights will not
be lit; alarm contacts will be closed.) Ventilating fans and
audible alarms will be activated, Upon restoration of power,
the detector will automatically reset to alarm-ready state.
Power-on light will go on, Detector will alarm immediately
if chlorine has reached alarm level during outage.

LOW COST OPERATION, MINIMUM MAINTENANCE

Design simplicity helps give low initial cost, dependable oper-
ation. Minimum power required. The fuse is easily replaced:;
plug-in indication lights are replaced without soldering. The
reservoir holds a normal 6 weeks' electrolyte supply; it is
easily replenished without disassembly or interrupting ser-
vice. A sight gauge shows electrolyte level at a glance, To
determine if the detector is ready to alarm, it is usually neces-
sary only to check the alarm circuitry with the test button and
to see that electrolyte is dripping from the electrode.

DESIGN AND OPERATION

The W&T Chlorine Detector consists of an electralyte tank
with a level indicator and an air filter. The activated-
carbon filter keeps chlorine gas away from the electrolyte,
From the bottom of this tank a sensor projects down into
a sensing chamber where it contacts sample air driven
by the fan or blower.

The sensor is a plastic holder containing two platinum elec-
trodes. Electrolyte drains slowly down the holder keeping
it constantly wet and continuousiy washing off dirt and con-
taminants. Excess solution drops into a tray; some of it
evaporates and the remainder drains through plastic tubing,

When chlorine-laden air enters the sensor chamber, chlo-
rine reacts with the electrolyte at the electrodes to produce
an electrical current. The current is amplified in the solid
state electronic unit to light a built-in red alarm and den-
ergize a double-pole, double-throw relay. The relay con-
tacts are wired to a’ terminal strip to permit pick-up of a
contact opening or closure for operating fans, chlorine shut-
off valves, or external alarms,

B! CHEMICAL
PRODUCTS:
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SERIES 500* SERIES 500 FLOWMETER SYSTEM PDS. 500
FLOWMETER FS500/FS501 — Flow Sensor 127750
SYSTEM FT500/fT501 — Flow Transmitter Supersedes 037740

The Series 500 is a completely obstructionless, highly
accurate, flow-measuring system that can be easily in-
stalled even in existing piping. Two inter-related com-
ponents comprise the system: (1) the SENSOr, consisting
of a precalibrated, fused epoxy-coated flow tube con-
taining a pair of externally mounted electro-acoustic
transducers, and (2) the transmitter or electronics
package. Flow tubesare available in sizes ranging from
4" to 48." Output is 3 pulse rate caiibratable fram
0-10 PPH 10 0-2500 PPS and simultaneously a 0-20
or 4-20mA. Performance of the system is unaffected
by most solids in suspension; pipe wall coatings;
fluid conductivity, density, and temperature: entrained
air; velocity of sound in fluid; and process pressure,
including  full vacuum. The completely cpen-hore
design of the sensor prevents the possibility of fouling
by objects in the process stream and eliminates
pressure loss. Applications for this advanced flow-
measuring system include water, raw sewage and most
sludge fiows found in municipal water/waste treatment
plaints

NON-CONTACT FLUID MEASUREMENT

The transducers mount in an epoxy well to effectively
isolate them from the process stream. Since the trans-
ducersare nol in contact with the fluid, probe contam-
inationand corrosion are never a probiem. Transducers
are easily replaced without process shutdown. The
absence of liners precludes problems associated with
steam cleaning and abrasion.

COVER

COUPLING
LUBRICANT

EPOXY WINGCW
THANSDUCER

FIPE WaLL
GASKET SEAL

EXCLUSIVE PATENTED CIRCUITS

Utilizing high-speed sampling techniques and strobed
signature pulses which discriminate when obstructions
appear in the flow stream, an accuracy of +1% of
actual flow from 1 to 40 FPS js attained. The up-
strearmn and downstream sampling rates are each 150
samples-per-second. Since only 2% of the sample pul-
ses need to be received for the system to maintain its
rated accuracy, momentary biockages and attenuation
of pulses caused by air bubbles or solids in the flowing
stream do not affect system accuracy.

Pipe wall coatings can attenuate the pulses. However,
exclusive circuitry allows the reception of severely at-
tenuated pulses. Thus, even thick pipe-wall coatings
will not preciude system operation.

In many flow-measuring devices, large errors, intro-
duced by plugged taps, partially coated electrodes, and
other inherent deficiencies will be undetected. This
cannot occur with the Series 500 Flowmeter System.
n the event of signal !oss for a period of time that
would affect accuracy, a diagnostic light will illumi-
nate. Thus, the light will let you know if Drocess con-
ditions are hindering performance. The same light will
also illuminate in the event of most circuit mal-
functions.
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NOMINAL
SHIPPING WEIGHT
A "B “Cr VELOCITY
FLANGED TUBES AT “B"” VICTAULICY PIPE | FLANGED | VICTAULIC | CONVERSION
SIZE VICTAULICS PLAIN ENDS FLANGED PLAIN 1D * PLAIN (K)
4 20 26 9 4.5 4.026 65 40 0.02521
5] 20 26 11 6.6 6.065 80 45 0.01111
8 20 28 13.5 8.6 8.070¢ 120 65 0.006276
10 20 28 16 10.8 10.136 155 80 0.003978
12 25 28 19 12.8 12.090 245 125 (.002796
14 25 28 21 14 13.625 245 140 0.002202
16 25 30 23.5 16 15.625 290 170 0.001674
18 25 30 25 18 17.500 390 195 0.001335
20 30 30 27.5 20 19.500 500 215 0.001075
24 30 30 32 24 23.375 550 2565 0.0007480
30 35 38 38.75 30 29.25 986 400 C.0004777
36 40 42 46 36 35.25 1435 530 0.0003289
42 45 48 53 42 41.00 2243 920 0.0002431
48 50 54 59.5 48 47.00 2782 1200 0.0001850

" 150 LB ANSI RF END CONN
INTEGRAL MOUNT TRANS

t GPM (K] = FPS
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SERIES 100 SERIES 102 DIRECT DRIVE METERS PDS-102
METERS AND 150 and 250 psi Max. Working Pressure a/10/70

ACCESSORIES

The Series 102 Direct Drive Meters are designed to
provide accurate and reliable flow measurement
where mainline service is required in the municipal
and industrial areas. These meters have been used for
over 60 years and have proven their reputation for

rugged, continuous duty with minimum maintenance.

The meter is available as a meterhead only or a
meterhead complete with tube or saddle,

APPLICATIONS

The Series 102 Meter is ideally suited for all water
flow appiications where the temperature of the water
does not exceed 100°F  and the suspended solids do
not exceed 0.5%. (Applications to other fluids, or
outside the foregoing limits, are possible although
factory engineering must be consulted before pro-
ceeding.

ACCURACY

Accuracy of all Series 102 Meters is within 2%
of actual flow for the specified meter range. This
accuracy is guaranteed by certified wet calibration.

FLOW

These meters measure accurately over a wide flow
range of 10:1 or greater. The maximum flow ranges
can be safely exceeded by 50% when used inter-
mittently. Registration of flow is shown on a B-digit
direct-reading register which can be furnished in any
standard units (i.e. gallons, cubic feet, etc.). Flow
rates are provided in the table under specifications
tor each of the sizes.

TEMPERATURE LIMITS

Fluid working temperature should not exceed 100°F.
Propellers may be siered in air temperatures up to
175°°F,

0 )
CiE
AT
{v
¥

Aa , :
.. . [ 8 i

- : Haln3
N . L atioTm

2" thru 14"

Typical Tube Type Meter

OPTIONS

High Velocity Flows — Where continuous flow rates
are above the standard flow range ratings, high veloci-
ty construction of the meters is available. Special pro-
pellers and bearings are supplied to ensure continuous
trouble-free operation.

Transmitters — Electronic transmitters are available
for installation on these meters,

Rate-of-Flow Indicators — When continuous rate of
flow indication is required, an optional rate-of-flow
indicator and totalizer is available.

Forward—Reverse Flows — Special tubes are available
for forward—reverse flows. These tubes contain
straightening vanes both upstream and downstream
from the meter propeller. A forward—reverse total-
izer is used in place of the standard register 1o totalize
flows in both directions.

Hot Water Service — Meters are available with special
propellers, packing, and registers that can withstand
continuous operating temperatures to 300°F.
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TUBE TYPE METERS

END CONNECTIONS SPECIFICATIONS

All meters 2 thru 14" are standard with flanged ends
for either 150 psi or 250 psi service. The flanged ra-

tings are shown in table 1. Meters 6”'thru 14" are SPECIFICATIONS
available with either plain ends or grooved ends for Table 1
victaulic couplings.
2 3 4 5 6 g} w! 12f 1
Meters 2'° thru 4" are available with National Pipe MinFlow| 30 | 35 | 60 | 80 {100 | 120 | 160 200} 250
X Max Flow | 80 |200 |400 | 750 | 900 | 1200 |1600 | 2200 | 3000
Thread' end connections. These meters are rated for weime 190 | 40 | 80 | 80 | 105 | 155 | 220 | 340 | 400 | 425
150 psi service. 250 | 55 | 75 | o5 {115 | 170 | 235 | 355 | 485 | 600
Flange150 | 125 |125 | 150 {125 | 150 | 180 | 150 | 150 | 150
250 | 250 |280 [300 {250 | 300 | 300 | 300 | 300 300

STRAIGHTENING VANES

All meters, except the 2 and 3 inch, are supplied with

straightening vanes to preclude the paossibility of er- Note: Flowis in U.S. GPM

125 and 250 Flanges - Meet AWWA requirements

rors due to flow swirls. 180 and 300 Flanges - Meet ANSI requirements
INSTALLATION Materials: o
Tube — — — — — — 2"— B"” IC'a's‘t Iron with stainless steel

These meters installad imply as a short iner

et. can .be insta _as Simp y a . 6"—14" Neoprene coated fabricated
length of pipe and in any convenient reading position, steel— Standard
either horizontally, slanted or vertically on an intake g"~-12" [C_:aztr |r08 \ntf_ith sltainless steel
or discharge line. The only restriction being is that o phiona t
sufficient head pressure be available, under all flow gﬂeter”Head____Z”—M" Cast Iron ‘
conditions, to assure a full pipe. Installation directl ropelier
dO ! ' £ hu tll? P | t 1 cctly Standard — — — —— . _ Molded Polyethelene
lownstream from a throttling valve, gate valve, or Gear Box . . 27—14" Brass
similar fitting which might cause ra Jet or a strong Mechanical Parts — — — — — Stainiess Steel
spiral flow into the meter should be avoided. Bearings — — — — mm em e e = Stainless Steel and Delron

DIMENSIONAL DATA
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Series 9000-for Industrial, Municipal Uses
e (Capacities to 7000 GPM; Heads t0 240’

YEOMANS PRODUCTS

_The quality-built
. submersible pump,
- designed for easy mstallatlon...

- long-life performance... .
g mamtenance free operatlon.

Total reliability and maintenance free operation, even
under the toughest wastewater pumping applications,
are the outstanding features of the Series 8000 pumps.

These pumps are built to handle sewage and waste-
water from commercial and industrial buildings, pro-
cessing plants, utilities, sewage plants, water treatment
facitities, recreation parks and pools.

The Series 9000 provides submersible wastewater pumps in a
complete range of capacities — from 50 to 7000 GPM with 3
to 12" discharge. Horsepower range of 3/4 through 150 HP.,
and capacity for head selection of 5 to 240 feet.

T T T T R T ST TR TR Y

DEPENDABILITY PLUS

Clow submersible pumps provide round-the-clock
reliability, under the toughest conditions. They are
guaranteed to operate efficiently and continuously
when installed according to factory recommendations.

PLUS — Easy Installation

A simptified design is the key to fast, low-cost
installation in a wet pit. All connections may be
made quickly and easily.

PLUS — Maintenance Free Operation

Special maintenance free designs, incorporated
into these pumps, eliminate routine maintenance
and pump down time providing a cost savings.

A quick lift device (optional) permits rapid
installation of pump and motor, making it
unnecessary to enter the wet pit.

PLUS — Built-ln Safety

Both thermal overload protection and a moisture
detection system are built-in. Pump will continue
to operate without damage even when no water
or sewage is present.
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CURVE NO.- 2449
sPEED: 1750
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S H O N E gives trouble-free pumping

when gallonage is limited
but solids are not

The Shone Ejector is designed for extreme dependability
in pumping jobs where gallonage is limited but solids are
not ~ domestic wastes, industrial wastes, heavy slurries.
It is clogproof. It has no rotating pump parts, no airtight
floats, no high-speed shafts or bearings ... there’s noth-
ing to restrict the flow throvgh the receiver.

The Shone is completely sanitary and safe. Being her-
metically sealed, it can’t expose liquids to the atmos-
phere. There is no release of noxious or toxic gases,
no wastes retention, no sludge accumulation.

Why not investigate the possibilities of the Shone for
those special pumping applications in the 30-1000 gpm
range.

simple, mechanical
operation

The operation is accomplished by the rise and fall of
two open cast iron bells. Through a pilot valve the
mction of the bells actuates a piston valve that admits
compressed air to the receiver, pushing liquid out through
the discharge line. 1n the filling position, the receiver
is vented to atmosphere and the bells are in the lower
position. Weight of the incoming liquid holds the inlet
check valve open, while the weight of liquid in the lift
line holds the discharge check valve closed.

As the level of the liquid rises above the lower bell, it
is buoyed by the weight of the water displaced. Continu-
ing to rise, the liquid partially submerges the upper bell,
trapping air beneath it. The upper bell is given suffi-
cient buoyancy to remove still more weight from the rod.

With this final decrease in weight, the counterbalance on
the pilot valve lowers and shifts the pilot slide valve,
sending air to the other side of the piston valve. This
closes the exhaust connection in the piston valve and
admits compressed air to the receiver.

The pressure of the air on the surface of the liquid is
greater than either that of the inlet line or the discharge
lift line. The inlet check valve closes and the discharge
check valve opens. Liquid is discharged under pressure
into the lift line.

As the receiver empties, first the upper bell loses buoy-
ancy as the liquid level falls below it, When the lower
bell becomes exposed, its added weight on the rod over-
comes the counterweight., The pilot and piston valves
change, shutting off the supply of compressed air and
venting the receiver to atmosphere. The check valves
automatically assume positions to permit the receiver
to refill.
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Geraghty & Miller, Inc.

PRELIMINARY DESIGN OF
THE PLANTATION DISPCOSAL WELL
CITY OF PLANTATION, FLORIDA

JINTRODUCTION -

The City of Plantation is planning to use a deep injection well tapping
the boulder zone for the disposal of treated sewage effluent, The
City's consulting engineer, Camp, Dresser, & McRee, Inc. (CDM), retained
Geraghty & Miller to research the geclecgy of the area and develop
preliminary design criteria for an injection well based on the results
of the research and information (provided by CDM) on the quantity of
effluent to be disposed of., This report contains sections documenting
geolegic conditions in the area and preliminary design criteria and
includes a discussion of the factors related to the City's noise
ordinance and well censtruction activities.

GEOLOGY

Regional

Peninsular Florida is underlain by a thick sequence of carbonate rocks,
predominantly  limestone with lesser amounts of dolomite. Certain
formations contain dense, impermeable beds of evaporites such as gypsum
and anhydrite, and at some locations the limestone has been replaced by
beds and nodules of chert. This sequence of rocks was deposited in a
geologic envirorment such as exists in the Bahamas today., The total

thickness of the sedimentary rocks in the southern portion of the state
is well in excess of 10,000 feet.

As far as deep well disposal of the treated waste is concerned, rocks of
Tertiary and younger age are of significance. The thickness of this
portion of the sedimentary column in Broward County is on the order of
5,000 feet. Throughout southern Florida, rocks of this sequence range
from those of Recent and Pleistocene age which are exposed at the
surface to those of the Paleocene epoch., A brief description of the
various geologic formations is given in the following paragrarhs,
primarily to acquaint the reader with the nature of each unit, For mcre
detailed information, refer to the publications 1listed in the

bibliography.

The youngest and uppermost formations of Recent and Pleistocene age in
the series are comprised of alternating layers of sand, shells, clay,
coquina, limestone, and silt. This sequence overlies the Tamiami
Formation of Miocene age which has a similar lithologic makeup. These
two units are of extreme importance as they comprise the Biscayne
aquifer, the area's only source of potable ground water, The thickness
of these beds is approximately 200 feet.
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The Hawthorn Formation, of Miocene age, underlies the Biscayne aquifer.
It is composed primarily of a "tight" green clay ranging from a rather
pure, plastic substance to a silty, sandy material, Phosphate minerals
are found throughout the formation. Stringers, or layers, of limestone
are present at the base of the formation, near the contact with the
underlying rocks. Generally, clays of the Hawthorn grade into limestone
and the contact with the underlying formation is not sharp. The
Hawthorn functions as the confining bed for the underlying Floridan
aquifer, The clays of the BHawthorn are, for all practical purposes,
impermeable and constitute a barrier to the movement of water contained
in the Floridan, which is under artesian pressure (Stringfield, 1966).
The Hawthorn Formation in the Plantation area is present to a depth of
800 to 1000 feet.

Limestone of the OCcala group unconformably underlies the Hawthorn
Formation, Rocks of the Ocala have been affected by solution activity
so that they possess a high degree of secondary perosity and are highly
permeable. The Ocala group forms the upper portion of the Floridan
aquifer, which is capable of yielding large quantities of brackish water
to individual wells, It should be noted that brackish ground water
{with less than 10,000 mgl of total dissolved solids and classified as a
Class G-II ground water) found in the Floridan is to be protected. The
thickness of the Ocala is variable owing to the fact that at some time
in the past it was eroded when it was exposed at the surface and it was
deposited unconformably on the underlying Avon Park limestone.
Available data indicate that it is about 100 feet thick in the general
area,

The Avon Park and Lake City Limestones are grouped together because of
similar 1lithologic characteristics indicative of a similar depositional
envirorment, The distinction between the two formations is made on the
basis of characteristic micro-fossils present in each, The rocks
forming these units consist of limestone and dolomite ranging in nature
from soft-porous to hard, dense, crystalline material. The color of the
reck is  variable, but is wusually tan to brown; yellowish- to
grey-colored rock also may be present. The total thickness of these
units is about 1400 feet in Broward County. Both permeable and tight
zones are present in the Avon Park and Lake City, but on the whole they
would tend to act as confining beds, particularly in the basal section
of the sequence.

The Oldsmar Limestone is the oldest formation of Eocene age. The
Oldsmar is composed essentially of dolomite and limestone and may
contain minor amounts of evaporites; chert also can be present, Studies
show that the Oldsmar is well developed and widely distributed
throughout peninsular Florida., In the Plantation area, its top is
estimated to occur at a depth of about 2400 feet. The Oldsmar is
comprised of a chalky, fine—grained, tight 1limestone in its upper
portion and the basal section is composed of a dense, brown, crystalﬁgie
dolomite. These two units are of extreme importance; the upper one
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constitutes a good confining bed, while the lower dolamite contains
zones of high transmissivity. These will be discussed in greater detail

in a subsequent section of the report.

The oldest and deepest formation of Tertiary age is the Cedar Keys
Limestone of Paleocene age, This unit is comprised of alternating
layers of dolomite and evaporites (gypsum and anhydrite) with a
thickness of about 1000 feet. On the whole, the Cedar Keys is
relatively impermeable. The beds of anhydrite and gypsum are quite
dense and generally constitute a significant Percentage of the
formation. Thus, this formation functions quite effectively as a
confining bed, preventing the movement of fluids,

In the past few years, the level of knowledge of subsurface conditions
in southern Florida has increased dramatically as a result of regional
investigations and the drilling and testing of a number of oil and
injection wells. These investigations have relied on the analysis of
subsurface data such as cores, cuttings, geophysical logs, geologic
logs, and driller's logs. A rather large number of these wells have
been drilled throughout south Florida and they are reasonably well
distributed so that good coverage of that part of the state is
available. As a result, a considerable amount of knowledge is available
on the nature and distribution of potential injection zones and
confinirg beds. Analysis of this data demonstrates the widespread
occurrence of these units,

The most definitive works to date are two reports published by the State
of Florida. Chen, 1965, investigated -stratigraphic. and rock
characteristics of the Paleocene and Eocene formations of Florida. This
study demonstrated the widespread occurrence of the varicus formations
and mapped their thicknesses and depths of occurrence. Also, much
additional knowledge on the enviromments of deposition was gained,

Puri and Winston, 1974, published a report which is devoted expressly to
the geologic nature, occurrence, and distribution of highly transmissive
zones and confining beds throughout south Florida. Their study
concentrated on the various formations of Eocene age, where the major
occurrences of highly transmissive zones have been reported. Puri and
Winston identified and mapped major rock types within formations of
Eocene age, related them to their ability to transmit water and/or act
as confining beds, and developed a three-fold division of the Eocene.

They found that the bulk of the various limestone beds can be divided
into two principal rock types: grainstone and packstone. The
grainstone is fine to medium grained, poorly cemented, fossilifercus,
and tan to cream in color. This rock can be permeable, owing to poor
cementation and the effects of solution activitﬁ. Packstone is
predominantly cream in color, but can be tan or white. It contains
considerable chalky cementing material which gives it a low
permeability, In addition, beds of chalky limestone also are present.

This rock has -a low effective porosity, which is microscopic in size,
and consequently a low permeability. Dolomite (dolostone) is also






Geraghty & Miller, Inc. -5 .

The Oldsmar zone has been mapped as occurring everywhere scuth of a line
crossing the state from northeastern St, Lucie County on the east coast
to the Charlotte-Lee County line on the west coast (Puri-Winston, 1974,
page 46)., In southeastern Florida it has been penetrated at West Palm
Beach, at Belle Glade, in Margate, at several sites in Dade County, and

at Port Everglades in Fort Lauderdale. The depth to the top of the zcne
ranges from approximately 2800 to 3300 feet, depending on leocation. It

is estimated to occur at approximately 3000 feet at Plantation.

At the West Palm Beach regional wastewater treatment plant, the Oldsmar
zone was found to be about 600 feet thick. A similar thickness was

penetrated by one of the recently completed injection wells at the
George Lolmeyer Wastewater Treatment Plant located at Port Everglaces.

At Margate it was found at a depth of 3070 feet and is at least 230 feet
thick,

Beds overlying the Oldsmar zorne function as confining units. These
consist of dolamites, packstones, chalky limestone, and some grainstone.
At West Palm Beach, for example, approximately 600 feet of such rocks
are found to overlie the zone. At Margate, both the Avon Park and Lake
City Limestones contain considerable thickness of materials which have
been identified as confining beds, and similar conditions were found at
the Fort Lauderdale site.

Thus, there is no doubt that the Oldsmar zone and confining beds are
found throughout southeastern Florida and, as will be noted in the next
section, favorable conditions for deep well injection exist in the study
area.

Local Conditi

Local conditicns are defined as those existing within the study area.

Fortunately, excellent information exists from the drilling and testing
of the Margate and Fort Lauderdale wells., Because the various units

have been shown to be widespread throughout southeastern Florida, this
information can be considered as sufficiently representative of the
study area and can be used to serve as the basis for determining
injection well design.

Throughout the study area, favorable geologic corditions exist both for
constructing and operating a deep well disposal system and for meeting
requlatory agency criteria for such a system,

Based on interpretation of the Margate disposal well data, the Oldsmar
zone - is present at a depth of + 3000 feet. Test results and

operational data from that disposal well system clearly demonstrate that
the =zone is highly transmissive and capable of accepting large
quantities of treated effluent at high injection rates. For example, in
august of 1976, after several years of operation, a maximum injection
rate of 6.9 mad (million galleons daily) or 4789 gpm (gallons per minute)
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INTECTION WELL DESIGN
jection Casi .

The range in sizes of the casings used in constructing an injection well
is dictated by the size of the inner or injection casing, which in turn
is controlled by the quantity of effluent to be injected. In general, a
velocity of 10 fps {feet per second)} is used as an approximate guide for
determining the inner casing diameter. This is based on a guideline for
sewers which handle gritty, abrasive material, and presumably eliminates
or minimizes the potential for ercsion. This is probably a very
conservative figure—injection wells handle secondary treated effluent
that does not contain gritty material—and could be exceeded for short
reriods of time without adverse effects,

The Plantation treatment plant will generate effluent at an average
daily rate of 8.3 mgd (5,764 gom) for the desian peried 1986-1991, A
maximum four~hour rate of 16.6 mgd (11,527 gpm) is anticipated, with a
peak (one-hour) maximm of 20.8 mgd (14,444 gmm), according to data
furnished by (MM. These rates can be handled by a 24-inch-diameter well
(actually 23 inches in diameter because a 0.500-inch wall thickness pipe

is used for the inner casing).

Calculated values of velocity and friction loss (Hazen & Williams C-100)
are listed in the following table.

Rate Velocity Friction/ Friction/

{mad).
Average daily 8.3 4,44 4.5 13.5
Maximum 4-hour 16.6 8.91 16 48
Maximem 20.8 11.2 23 69

In addition to the friction loss figures shown above, the total pumping
head or pressure cbserved at the well head should include an additional
76 feet of head to allow for the density differential between native
salt water and treated effluent and the bottom hole driving pressure.

The calculated values for total head are listed below for each of the

rates.
Rate Head Heaq
{mad). {ft) - dpsid
" Average daily 8.3 89.5 38.6
Maximmn 4-hour 16.6 124.0 53.4
Maxinum 20.8 145.0 62.5
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Finally, a 24-inch—diameter inner casing with a wall thickness of 0,500
inch should be set from land surface to a depth of approximately 3000
feet. The inner casing will penetrate and will be sealed well into the
confining bed overlying the boulder zone.

Casing data, bit size, and other pertinent information are summarized

below.
Diameter Wall Thickness Setting Bit Size

Casing {inches) {inches) {feet below grade) {inches)
Conductor 54 0,375 100 62
Surface 1,000 0.375 1,000 52
Intermediate 2,300 0.375 2,300 40,5
Inner 3,000 0.500 3,000 32
Open Hole —_ — — 22

Each string of casing will be conpletely cemented in place using Class H
cement and lost circulation additives to insure that a good bond 1s
obtained between casing, cement sheath, and the walls of the bore hole.
Bond logs may be performed to insure that propex canent seals are
cbtained; provisions will be included in the specifications requiring
the contractor to take remedial measures to repair any defective cement
job at no extra cost to the owner.

The injection well will be equipped with a monitor tube set in the
annular space outside of the intermediate casing. It will tap the
transmissive, saline water-bearing zone occurring between 2100 and 2270
feet. The monitor zone will be gravel packed. To provide additional
protection from corrosion, the inner casing in this interval will be
coated with a field-applied epoxy coating. This type of construction
will serve two purposes. First, monitoring of a saline water~bearing
zone will be accomplished; second, it will eliminate the need for
cementing of this zone, which would be difficult—if not impossible—and
certainly very expenssive to successfully cement because it 1is so
cavernous and permeable. This type of procedure has been successfully
used in deep test and disposal wells. Furthermore, it will not
jeoparidze the well's integrity and it will reduce the costs for
monitoring.

Well Construction Method
Disposal wells must be drilled by methods which will provide a maximum
amount of environmental protection at a reasonable cost., Contamination

from spills of fluids during construction can be avoided by drilling
disposal wells from a concrete pad designed to contain any fluld spills.,

Shallow observation wells will be located at critical points on the
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perimeter of each pad, and monitored on a regular basis during the
drilling operations. Each pad will be constructed with water-tight
sumps to temporarily store fluids, Steel-lined tanks should be used to
contain drilling f£luids. Cuttings, drilling mud, and other fluids and
potential contaminants will be properly disposed of only in approved
areas,

Disposal wells can be drilled by the corwentional mud rotary method
through the Hawthorn Formation, For the deeper formations, only some
approved form of reverse circulation drilling method should be employed.
No surface discharges of drilling and formation fluids should be
permitted. These methods make it possible to collect extremely reliable
formation samples and eliminate the possibility of costly and time
consuming lost circulation problems. Using the reverse air circulation
method for drilling through the Oldsmar zone results in the completion
of the most efficient injection well possible, because the bore hole is
cleaned by the drilling process. Furthermore, it is the most effective
method for drilling through this =zone., Many parts of the Oldsmar
contain fine— to coarse—grained rubble which tends to cause the hole to
collapse, This material should be removed to provide an efficient
installation; the reverse method is the only practical way to accomplish
this.

One of the potential principal problems in constructing deep,
large—diameter disposal wells is the inability to set the casing deep
enough, particularly the inner string. A chief cause of this is an
insufficiently straight hole—one that deviates from the vertical or
contains dog-legs ({abrupt changes in hole direction). This can be
avoided with proper specifications, by proceeding cauticusly with the
drilling operation, and by running directional surveys at specified
depth intervals during the drilling process to insure that the hole is
being drilled to specifications.

ta Collecti 1 Testi

Successful construction of a disposal well is dependant on the
reliability of the information collected during the drilling. While
confining. beds and injection and monitoring zones are regionally
extensive, existing data are not adequate to arrive at precise figures
for depths and casing settings at the Plantation site., Therefore, the
specifications for well construction must be flexible to allow for the
slight variations that may be expected to occur.

To take these into account, it is necessary to collect rather detailed
information by a variety of methods so that a reliable picture of
subsurface conditions can be developed, making it possible to camplete
the well to provide a reliable installation. In addition, the
requlatory agencies (Florida Department of Envirormental Regqulation
assisted by the Technical Advisory Committee) will pass judgment on the
adequacy of the design and the data collection program when evaluating
the permit application for the construction of a test injection well and
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will require that subsurface data be collected and submitted as part of
the report supporting the application for an operating permit following
the installation of the test injection well.

Aside from selecting the proper positions at which to set casings, the
principal reason for collecting the various data is to determine the
nature and 1location of the confining bed(s) and the position of the
injection =zone, and to enable selection of a suitable monitoring zone.
To accamplish this, the usual formation samples will be collected at
precise depth intervals (10 feet) and at formation changes. Cores of
confining beds will be taken in the confining bed interval between 2300
and 3000 feet, either by conventional or sidewall methods, and will be
analyzed to determine porosity and permeability. A suite of geologic
lcgs such as induction, lateral, neutron porosity, density, acoustic,
caliper, and gamma ray will be taken. This information will be utilized
to determine the characteristics of the confining bed and monitor zones,
to delineate the injection horizon, to select the proper setting for
casings and monitor pipes, and to determine final details of the
cementing program.

The last step in the construction of the test injection well is the
performance of a test, Where conditions permit, the usual practice 1s
to run a high-rate pump-out test. In some cases, an opticnal lower rate
injection test is performed also. Generally, a lower rate injection
test is performed because of the lack of an available water source at a
resonable cost., Also, effluent has been used for injecticn testing.

A purp-out test cannot be performed at the Plantation site because there -
is no way of disposing of saline water. Thus, an injection test will
have to be conducted. Either the nearby canal adjacent to the treatment
plant could be used as a source for a 10,000—gpm test or effluent could
be used. The selection of alternative would depend on (1) the quantity
available from the canal, (2) the willingness of the DER to allow the
use of effluent, and (3) the cost. Each of these options should be
evaluated as part of the detailed planning for the program.

OTHER CONSIDERATIONS

The proposed well site is located on the northwest corner of the
treatment plant property about 600 feet or so from a hospital and about
750 feet from residential neighborhoods to the east and west., An
industrial area is located to the north. The well lccation may pose a
problem because of noise created by the drilling, construction, and
testing operations, which are conducted 24 hours per day, 7 days per
week . The most objectionable noises are those made during the tripping
out of the d&rill string—caused by the laying down of the drill
pipe—and the sound of the rig brakes when the casing strings are being
lowered during setting operations. Additional sources are the rig and
pap motors, which are continuously running, and noise created during
cementing operations.,



Geraghty & Miller, Inc.
- 12 -

According to the City of Plantation noise ordinance (Section 17-15), it
is unlawful for "noisy" businesses to operate "except between the hours
of 8:00 a.m., and 6:00 p.m, on weekdays only from December first to April
first of each year, and except between the hours of 7:00 a.m. and 6:00
p.m. during the remaining part of the year on weekdays only"™ when the
noise source is located "so close to inhabited dwellings, apartments, or
hotels so that the noise emitted from the operation of such business or
enterprise shall disturb or is detrimental to the health, peace and
quiet of the occupants.™ There is a provision in the ordinance allowing
for a wvariance to be granted upon application to the City Council and
review and approval pending the results of the council's investigation.

Drilling operations are carried out on a continuous basis because (1} it
reduces costs, and (2) scme procedures cannot be stopped because to do
so would Jjeopardize the integrity of the operation. By limiting the
time for drilling, constructing, and testing to the hours stated in the
ordinance, the cost of a well would be increased 40 to 50 percent above
normal, In addition to taking longer to construct the well because the
effort is spread over a longer pericd of time, inefficiencies are
created requiring considerable duplication of effort in starting and
stopping, adding further to the cost.

Certain operations, such as drilling through the Hawthorn Formation,
dredging, coring materials, testing, Settlng casing, and cementing, must
be done on a contimuous basis; there is considerable risk of a failure

or at least serious construction problems otherwise.

For these reasons, it is strongly recommended that the Plantation well
be constructed using the normal 24-hours-per-day, 7-days—per-week
procedure., To accamplish this, the following should be done. First,
strict noise control procedures should be written into the
specifications, This would include the muffling of all engines
(required by ordinance), the construction and maintenance of sand
barriers (stacked bales of hay were used successfully at Fort
Lauderdale), and the covering with wood of all metal surfaces ({catwalk,
V door, and rig floor) that would come in contact with drill pipe,
tools, casing, etc, Second, application for a variance should be made
to the City Council, backed up by evidence from a sound engineer
attesting to the adequacy of the sound-reducing procedures, with support
from an injection well expert justifying the need for round-the-clock

operations.

Finally, the City should develop and implement a public relations
program to educate the neighbors and potential objectors to the need for
contintious operations, An added benefit to this would be that the
public would become educated about deep well disposal. While the
practice is finding more acceptance as the list of successful
applications grows, there 1is s8till a large segment of the public who
could object to the practice primarily because they are unacquainted
with it.
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Mention was made previcusly of the use of an annular monitoring tube to
tap the transmissive zone at approximately 2100 feet (this zone
corresponds to the sco—called 2000-foot zone encountered at the Fort
Lauderdale site}) to reduce costs and preserve well integrity. Standard
practice (by the DER) calls for the monitoring of two or more zones. At
Plantation this could be accomplished by installing a shallow (as much
as + 1600 feet deep) monitor well to tap zones containing water with
less than 10,000 mgl. This could be done as a separate contract (to
encourage more bidders) either at the time the test injection well is
installed or at some time in the future when monitoring results indicate
that another monitor well is reeded., If it is drilled during the test
injection well program, it should be started after the pilot hole to the
boulder zome is completed and logged to provide information on its
actual depth., If the latter course of acticn is chosen, the DER will
have to be pursuaded to accept this alternative,

As a final note, the injection well system will be handling an average
of 8.3 mgd., Current DER (West Palm Beach office) policy requires that a
second or standby well be installed for systems designed to treat 7 mgd
or more, This is not official and nothing exists in writing to the best
of Geraghty & Miller's knowledge. The need for a second well doubles
the initial capital cost and, in many instances, creates a significant
financial burden. Thus, a priority item in the program should be the
determination of the need for a standby well., To eliminate this need
will require convincing the DER and the Broward County Envirormental
Quality Control Beard (which requires a variance) that (1) an acceptable
standby emergency surface discharge exists, and (2) the well's design
and the nature of the boulder zone assure that a single well will have a
long, trouble-free 1life, Current designs and a rapidly growing body of
operating data attest to the latter.

Respectfully submitted,
GERAGHTY & MILLER, INC,

Principal

Bugust 10, 1983
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Position Paper

Back-up Regquirements for Injection Well Systems

It has been the State's position that ail injection well facilities which function
as the primary disposal method of municipal and industrial waste have back-up
facilities. This supplemental system is necessary in the event of a temporary
well shutdown. The type of non-operative period we are concerned with here is

on the order of days or weeks as opposed to hours. Most shut-downs that only
require hours - geophysical logging or T.V. surveying - do not involve a retention
of flows beyond treatment plant capabilities for the short term.

The back-up system is not required to be another injection well unless there is no
other acceptable option. The question of whether or not surface waters may be used
as that back-up system must be resolved by the Bureau of Water Quality and the
District Permitting Staff on a case-by-case basis. Factors to be considered in the
evaluation of a back-up system are:

The amount of flow to be discharged.

The period allowable for discharge.

The frequency with which discharge is expected.

The operating record of other wells in the vicinity.

Characteristics of the proposed alternative system.

Reliability of the Treatment facility.

The nature or cause of the primary disposal method's shutdown.

Characteristics of the effluent being discharged.
Generally, the back-up system need not acquire a separate operating permit, however
the primary disposal method's permit should adequately address the back-up disposal
system as well as other conditions of the permit.
In the case of Margate, a back-up system would be a contingency of injection into
a qew.we11. Since there are injection wells in the area, including Margate's
existing well, which have operated successfully for up to ten years, it could be
presumed that a well failure more ofien than once every ten years would be unlikely.
In this event a temporary discharge, 90 to 120 days of 5 to 15 mgd, once every ten
years would have 1ittle adverse environmental impact. Assuming this to be acceptable

there is a canal . . . in the vicinity of Margate's wastewater treatment facility
that could provide the required back-up capacity.
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