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7 he use of biological nutrientremoval (BNR) processes is
\ expected to increase in Florida because of growing con-
cernsabout the effects of nitrogen and phosphoruson the
stimulation of undesirable aquatic growth in surface waters and
the potential adverse health effects of nitrates in groundwater.

Inthe Florida Keys, degradationand eutrophication of canaland
nearshore waters led Monroe County to require all new and ex-
pandingwastewater treatmentfacilities to meet Advanced Waste-
water Treatment (AWT) or Best Available Technology (BAT).
However, the county lacked the information itneeded todetermine
what discharge limitations could reasonably be imposed under
these requirements, given the large number (nearly 300) of waste-
water treatment plants with small flows and limited operational
oversight. Experience had demonstrated that DEP AWT limitsof 3
mg/L for nitrogen and 1 mg/L for phosphorus could be achieved by
large plants, but there was noassurance or expectation that such
stringentlimitscould be achieved by small plants. Additionally, no
specific BAT standards existed.

Astudywascommissioned by Monroe County, with supportand
financial assistance from DEP, todetermine BAT effluent limita-
tionsfor treatment plantswith permitted design capacitiesinthe
range of2,000t0100,000gpd. Thesummary provided inthisarticle
includesareviewand ranking of BNR technologies and proprietary
equipmentonthe marketwith respect to costs, performance, and
other factors. Information was derived from equipment suppliers,
DEP and EPAdatabases, technical literature, and visits to operat-
ingfacilities.
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Site Visits

Nutrient removal systems in the size range of 2,000 to 100,000
gpdarealmostuniversally furnished as pre-engineered, factory-or
field-assembled package systems. Approximately 25 systemsavail-
ableonthe marketwere evaluated, followed by visitsto 17 operat-
ing treatmentplantsin Florida, New York, New Jersey,and Massa-
chusetts. The plants represented diverse technologies and covered
aspectrum of sizeswithin the range of interest. Information was
gathered on plant performance, actual operation and maintenance
costs, actual capital costs, and the level of operator staffing. The
collected information was subsequently used in the evaluation of
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alternative systems.

NutrientRemoval Systems Evaluated

Thefollowingbiological nitrogen removal systems, whichwere
considered representative of the diverse technologiesonthe mar-
ketand applicable tosmall treatment systems, were selected and

evaluated.

1. MLE (2-Stage) Continuous-Flow Suspended-Growth Process

2. 4-Stage Continuous-Flow Suspended-Growth Process

3. 3-Stage Continuous-Flow Suspended-Growth Process

4. 4-Stage Sequencing Batch Reactor (SBR) Suspended-Growth

Process

TaBLE 2. SELECTED NUTRIENT REMOVAL SYSTEMS

Achievable Effluent
Quality
Representative BOD/TSS/TN/P*
System Description Suppliers (mg/L)
1. MLE Process - continuous-flow Smith and Loveless 10/10/10/2
suspended-growth process with an U. S. Filter/Davco
initial anoxic stage followed by an Aeration Industries (5/5/10/1 with
aerobic stage Zenon Environmental filtration)
The McNeil Company
2. Four-Stage Process — continuous- ~ Smith and Loveless 10/10/6/2
flow suspended-growth process U. S. Filter/Davco
with alternating anoxic/aerobic/ Zenon Environmental  (5/5/6/1 with
anoxic/aerobic stages The McNeil Company filtration)
3. Three-Stage Process — continuous- ~ Smith and Loveless 10/10/6/2
flow suspended-growth process with  U. S. Filter/Davco
alternating aerobic/anoxic/aerobic Zenon Environmental  (5/5/6/1 with
stages The McNeil Company filtration)
4. SBR Suspended-Growth Process —  Aqua-Aerobics 10/10/8/2
batch process sequenced to simulate ~ Purestream, Inc
the four-stage process U. S. Filter/Jet Tech (5/5/8/1 with
. Babcock International filtration)
Fluidyne
5. Intermittent-Cycle Process — Schreiber Corporation ~ 10/10/8/2

modified SBR process with
continuous influent flow but batch,
four-stage, treatment process

6. MLE and Deep-Bed Filtration
Process - Alternate 1 followed by
attached-growth denitrification filter

7. Submerged Biofilter Process —
continuous-flow or intermittent-cycle
process using one or more
submerged media biofilters with
sequential anoxic/aerobic stages

8. RBC Process — continuous-flow
process using RBCs with sequential
anoxic/aerobic stages

9. Conventional Secondary Treatment
— continuous-flow activated sludge
process (no enhanced nutrient
removal; included for basis of
comparison)

Austgen-Biojet
Cromaglass Corporation
AES

U. S. Filter/Davco
Purestream, Inc.
Aeration Industries

Tetra Technologies, Inc.
WWSI
Smith and Loveless

CMS Group
WWSI

Smith and Loveless
U. S. Filter/Davco
Aeration Industries
Zenon Environmental
The McNeil Company

(5/5/8/1
with filtration)

10/5/6/1 (process
includes filtration)
20/20/12/2
(5/5/12/1 with
filtration)
20/20/12/2
5/5/12/1 (with
filtration)

10/10/XIX

5/5/XIX (with
filtration)
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5. 4-Stage Intermittent-Cycle Suspended-Growth Process
6. MLE Process followed by Deep Bed Filtration Process
7. Submerged Biofilter Process

8. RotatingBiological Contactor (RBC) Process

Ineach case, the recommended method of phosphorus removal
was chemical precipitation. Inaddition, effluent polishingfiltration
would be provided in each system, except System 6, which already
incorporates the deep bedfiltration process for nitrogen removal.

Table 2 presents adescription of each system, representative
equipmentsuppliers, and estimated achievable effluent quality.
Also included for comparison is a conventional secondary treat-
mentplant (System9).

Two of the systems identified above (Systems 1 and 6) were
determined to be potentially applicable for retrofitting nitrogen
removal toexisting WWTPs, and evaluated separately. These were
identified as (1) System 1R—MLE (2-Stage) Continuous-Flow Sus-
pended-Growth Process, and (2) System 2R—Deep Bed Filtration
Process.

The MLE process (System 1R) can be retrofitted to an existing
plantby adding ananoxic basin upstream of the existing plant, re-
directing the influent flow to thisbasin, and adding recirculation
pumping from the existing aeration basin to the new anoxic basin.
Alternatively, an anoxic zone could be created within the existing
aeration basin by adding a baffle wall, but that would reduce the
capacity of the plant. New chemical feed facilities for phosphorus
removal could also be added.

In System 2R, a deep-bed filter would be
added downstream of the existing package

CBOD 10mg/L

TSS 10mg/L

N 10mg/L

P 1mg/L
CostComparison

Tables 3 and 4 compare costs for the nine new-plant and two
retrofitalternatives, respectively, for five different treatment ca-
pacities. The costsummary includes the estimated construction
cost, annual O&M cost, uniform annual cost, and unit cost ($/1,000
gallons). Uniformannual costs were determined using an interest
rate of 6 percent for a20-year period. The unitcostwasdetermined
by dividing the uniform annual cost by the number of 1,000 gallons
of wastewater treated per year, at 80 percent capacity utilization.

Construction costs for the new-plant alternatives include all
required facilities for a new plant on a new site. Filtration was
included for all of the systems except the base case secondary
treatmentsystem. Ingeneral, the conventional suspended-growth
nutrientremoval technologies have the lowest construction costs
for capacities exceeding approximately 10,000 gpd. The attached-
growth processes construction costs are competitive at the small-
estsystemsizesof4,000and 10,000 gpd. Agenerally poor correla-
tionexistsbetweenthe construction costofalternativesand nitrogen
removal performance.

TaBLE 3. CosTs oF NUTRIENT REMoOVAL SysTEMs — NEw PLANTS

Treatment Facility Design Capacity

plant, replacing any existing filtration facili- 4,000 10,000 25,000 50,000 100,000
ties. New pumping facilities topump second-  System (gpd) (gpd) (gpd) (gpd) (gpd)
ary effluent to the deep bed filter would be 1 MLE
required, as well as methanol feed facilities  FFRIERNE S, 2 50l & odl 3 Yoo § s 8 100000
and chemical feed facilities for phosphorus  yifom Annual Cost, $yr - $ 53200 $ 62600 § 86200 $ 119000 $ 176,300
removal. Unit Cost, $/1,000 gal $ 618 $ 201 $ 160 $ 111 $ 8.2
2 Four-Stage
; Construction Cost, $ $ 336000 $ 368000 $ 475000 $ 666000 $ 968,000
Pe;\fqrrdn_ancigo;ngﬁrzlsolrr h Annual OBM Cost, Sy $ 52500 $ 57600 $ 73800 $ 95900 § 132300
sindicatedin Table 2, allofthesystems  ypiform Annual Cost, $iyr $ 81,800  $ 89700  $ 115200  $ 154000 $ 216,700
are generally considered capable of meeting Unit Cost, $/1,000 gal $ %0 $ 417  $ 214 $ 143 $ 10.1
effluent BODand I'SS concentrationssimilar (T:hreet_St?'ge Cost, $ $ 291,000 $ 333000 $ 441,000 $ 627,000 $ 913,000
- B onstruction Cost, ) ) ) y )
tolargeplants. Achievableeffluentnitrogen 1 ooy Cool sir - 8 35900 8 41900 8 56400 76200  $ 115900
concentrationsrangefrom6to12mg/L, with  yniform Annual Cost, $iyr  $ 61,300 $ 70,900 $ 94800 $ 130,900  $ 195500
the 4-stage and 3-stage processes and the Unit Cost, $/1,000 gal $ 712 $ 29 $ 176  $ 122 $ 9.1
deep-bed filtration process (Systems2, 3, and ggr?str ction Cost, $ $ 336000 $ 381,000 $ 482000 $ 697,000 $ 966,000
. : ; ; ucti , : , , , ,
6,respectively) beingthemosteffective. Chemi-  foyoiogm Cost Slyr -~ § 28000 $ 34100 49100 67600 $ 100,000
cal phosphorusremovalinallofthealterna-  uniform Annual Cost, $fyr  $ 57,300 $ 67,300 $ 91,00 $ 128400 $ 184,200
tive systems is expected to achieve effluent Unit Cost, $/1,000 gal $ 665 $ 313§ 169 $ 19 ¢ 8.6
limits of 2mg/L without filtrationand 1mg/L 5 Intermittent Cycle
. tht]fﬁ i} g/L withoutfiltrationand 1 mg/ Construction Cost, $ $ 220000 $ 374000 $ 584000 $ 861,000  $1,026,000
withiiltration. o Annual O&M Cost, $fyr ~ $ 28,000 $ 34100 $ 49100 $ 67,600 $ 100,000
Achievable permitlimitsfor the MLE retro- Uniform Annual Cost, $lyr -~ $ 48,000 $ 66,700 $ 100,000 $ 142,700 $ 189,400
fitsystem (System 1R) were considered com- mtE Co[s)t, $/1|,30%0Fg|a| 8 557 % 310§ 186 % 133 % 8.8
; - + Deep Bed Filtration
parable tothe correspondingnew-plantMLE ® ¢ . el o' $ 308000 $ 368000 $ 486000 $ 664000 $ 958000
system (System 1). Achievablepermitlimits  apnyalogMCost, $yr ~ $ 36900 $ 42700 $ 58100 $ 75900  $ 111400
forthe deep-bedfiltration retrofitsystem (Sys- Uniform Annual Cost, $fyr - $ 63,800 & 74800 $ 100500  $ 133800  $ 194,900
tem 2R) were also estimated to be similar to gng Cost, glép?g gal $ [COR. M7 % 187 % 124 % 9.1
. _ ubmerge loTIIters
thosefor thecorrespondingnew-plantsystem * ¢ vioncost s $ 247000 $ 296000 $ 450000 $ 847,000  See Note (1)
(System 6), but with a somewhat lesser N annual0&M Cost, $yr~ $ 19500 $ 24400 $ 41,100 $ 60400  See Note (1)
removal capability because the retrofit sys- Uniform Annual Cost, $fyr  $ 41,000 $ 50200 $ 80,300 $ 134200  See Note (1)
temdid notincorporate an MLE process. ggiégost, $/1,000 gal $ 47.6 $ 23.3 $ 14.9 $ 125  See Note (1)
As a result of this performance assess- = cqsiyction Cost, $ $ 263000 $ 342000 $ 527,000 $ 868000  $ 1,092,000
ment, DEP provided to Monroe County the  Annual O&M Cost, $fyr ~ $ 20,400 $ 25900 $ 43400 $ 61500 $ 89,400
following BAT limitations (annual average Uniform Annual Cost, $lyr  $ 43,300  $ 55700 $ 89300 § 137,200  $ 184,600
basis) applicable to new and expanding facili- ggg&ﬁ:{%ﬁfgf? dgaf)', Treatm$en t 03 $ 259 $ 166 § 127 $ 8.6
ties with permitted design capacities of less ~  construction Cost, $ $ 183000 $ 223000 $ 303000 $ 461,000 $ 671,000
than 100,000 gpd (source: DEP correspon- Annual O&M Cost, $/yr $ 22000 $ 26500 $ 39200 $ 52100 $ 78,000
dence to Monroe County Commissionersdated Uniform Annual Cost, $/yr  $ 37,900 $ 45,900 $ 65,600 $ 92,300 $ 136,500
Unit Cost, $/1,000 gal $ 440 $ 23 $ 122 $ 86 $ 6.3

May 12,1998):
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TaBLE 4. CosT SUMMARY FOR RETROFIT SYSTEMS

For theretrofitalternatives, the annual and unit costs of
operating a denitrification filter are nearly twice those of

System Design Capacity retrofittingand operating an MLE system.
4,000 10,000 25,000 50,000 100,000
RI /fysremT Kfor MLE Upgrad od) () (d (@d (I Ranking
noxic fank tor pgraae . .

Construction Cost, $ 21,000 24,000 39,000 57,000 80,000 Weighted rankings for the seven new treatment plant
Annual O&M Cost, $iyr 12,100 12,600 13,400 18,700 21,100 alternativesand thetwo plantretrofitalternativeswere pre-
gnlform Ovnnuhal Cost, $iyr 113,900 114,700 1152'8700 2273i700 2232100 pared using five criteria that considered both cost and non-
Uﬁfg’:}st g/rtl bgo wl 5fésf0 62,200 93'100 2’200 8 1,(3)00 cost factors associated with the ownership, operation, and
T ' ' ' ' ' performance of small-flow nutrient removal treatmentplants.
R2  Deep Bed Denitrfication Filter Thecriteriaevaluated were unitcost, nitrogen removal per-
ngjglugm (C:g:tt 2 o 110796%000 11281'2(3)000 12407'300000 126113'80()(’()() 2218360()()()() formance, process control flexibility, ease of operation, and
Uniform Annual Cost, $hyr 27100 28700 33100 39,000  47.200 land requirements. For each criterion, a relapve score of 1
Present Worth, $ 310,900 329,800 379,800 447,500 541,000 (less favorable) to 5 (very favorable) was assigned to each
Unit Cost, $/1,000 gal 315 133 6.1 3.6 2.2 alternative. The raw scores for each criterion were then

For the retrofitalternatives, only the new facilities needed for
nitrogen and phosphorus removal are included. Although the deep
bed denitrification filter retrofit alternative provides somewhat
better nitrogen removal percentage than the MLE retrofitalterna-
tive, itisapproximately two tofour times more costly, depending on
capacity.

O&M costswere developed by individually considering opera-
tions labor, electricity, maintenance and repairs materials and
labor, solids handling and disposal, administration labor, labora-
tory analytical requirements, and chemical costs. For the retrofit
alternatives, only the increase in these costs associated with the
addition of nitrogen and phosphorus removal facilities was esti-
mated. Assumptions were as follows:

Operations labor - labor at $36/hour (includes overhead), with

multiplied by a weighting factor to amplify the rankings of
more importantcriteriarelative tothose of lessimportantcriteria.
Theresultsaresummarizedin Tables5and 6 for the new-plantand
retrofitsystems, respectively.
For the new-plantalternatives, the three-stage system (System
3) was ranked the most favorable based on its moderate costs,
process control flexibility, and ease of operation. The MLE and
deep-bed filtration systems (Systems 1 and 6, respectively) were
ranked second and third, respectively. The SBR and intermittent-
cycle systems (Systems4 and5, respectively) were ranked inatie
for fourth. Thefour-stage system (System 2) was ranked fifth, while
the attached-growth systems (Systems 7 and 8) wererankedinatie
forsixth.
Among the two retrofit alternatives, the MLE system (System
1R) had the best ranking, primarily due to more favorable unitcosts

minimumstaffing per F.A.C.62-699.310 and ease of operation. ]
= Electricity-$0.10/kW-hr
= Maintenance and repairs materials and labor - 3 percent of

capital costs/year
= Solidshandlingand disposal - liquid haul at$0.17/gal
= Administrative - 5 percent of the sum of the operations labor,

electricity, and maintenance and repairs costs
= Laboratory-commercial rates applied to required monitoring

parametersin F.A.C.62-0699.310 TaBLE 5. RANKING OF NUTRIENT REMOVAL ALTERNATIVES
< Chemical costs-alum for P removal at$1.80/Ib; Symclosene FOR NEw WWTPs S

chlorine) at$2.50/Ib; methanol at $0.15/Ib & > o

( )ats ¥ & S &S o &

. N S N » @ O

For the new-plant alternatives, the data show that the two N & &QQ* & Q\O 6@“ %@“&\@5 &
attached-growth processes (Systems 7 and 8) have the lowest & o & & & F S <g$\ ¥ &
O&M costs, which was due to lower costs for electricity, solids  weighting Factor 30% 30% 15% 15% 10% 100%
handling, and laboratory analyses. These processes are also ;g 4 4 3 3 3 17 36 2
simpler tooperate than suspended-growth processes. O&Mcosts 2 Four-stage 1 5 5 2 3 16 32 5
are highestfor the four-stage (System 2) and deep-bedfiltration 3 Three-stage 3 5 4 3 3 18 38 1
(System 6) systems because they are the mostcomplex tooperate 4 SBR § 4 8 3 4 17 34 A(tie)

Ll . 5 Intermittent Cycle 3 4 3 3 4 17 34  4(tie)
andmaintain. Forthesamereason, thedeep-bedretrofitalterna- g MLE + DeepBed Filration 2 5 5 2 3 17 35 3
tive (System 2R) has higher estimated O&M coststhanthe MLE 7 Submerged Biofilters 3 2 2 4 5 16 29 6(te)
retrofitsystem (System 1R). 8 RBC 8 2 2 4 5 16 29 6fte
Total Possible Points 25 5

Onaunitcostbasis, the nutrientremoval systemswith filtra-

tion included are approximately 20 to 40% more costly than a
conventional secondary treatment systemwithoutfiltration. For
the two lowest new-plant capacities analyzed (4,000 and 10,000
gpd), the attached-growth processes (Systems 7 and 8) appear to

Note: Scores: 1 (Less Favorable) to 5 (More Favorable)

TaBLE 6. RaNKING oF RETROFIT NUTRIENT REMOVAL ALTERNATIVES

have clear life-cycle and unit cost advantages over the other \5\\@

nutrientremoval technologies. These alternatives are followed ?'}\A‘b Q@ Qg\é“ NN @
by the intermittent-cycle, MLE, and SBR systems (Systems5, 1, & N & (P&‘ OQ%‘?’ ¥ e go@
and 4) in amiddle cost range. The highest cost systems in this \QJ&V e &é‘ & ST &€ s @\Q’ «
flow range are the four-stage (System 2) and denitrificationfilter & &% & NI <23§ N
(System 6) systems. As plant capacity increases to approxi- Weighting Factor 30% 30% 15% 15% 10% 100%

mately 25,000 gpd or greater, the total cost advantage of the 1 Anoxic Tank, MLE Upgrade 4 4 3 3 3 17 36 1
attached-growth systems begins to disappear. The four-stage 2__Deep-Bed Benite Filter 2_4 3 2 4 15 30 2
continuous-flow process (System 2) is consistently more costly Total Possible Points 25 5

thanall other technologies across all facility sizes.

Note: Scores: 1 (Less Favorable) to 5 (More Favorable)
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Strateqies For Procurement of

a 6.0 MGD Wastewater Treatment Facility

Harold E. Schmidt, Jr., J. Richard Voorhees, Jon D. Fox, and Peter A. Korelich

n 1980 New Smyrna Beach con-
:q structed a 4.0 MGD pure oxygen

high-rate activated sludge waste-
water treatment plant that discharged to
the Indian River Lagoon system. Tocomply
with House Bill 3247, the Indian River
Lagoon Act, in 1991 the city upgraded the
planttoprovide advanced secondary treat-
mentand a public access reclaimed water
system. Additional expansionswere neces-
sitated by populationgrowth in the service
area.

Alternative methods of process optimi-
zationtoupgrade the existing facilities in-
cluded pilot testing various configurations
toreduce nitrogenand phosphorus. Because
of site constraints and process equipment
optimization to meet the effluent criteria
required by the regulatory agencies, the
city decided tomake variousimprovements
tothe wastewater transmission systemand
toconstructanew 6.0 MGD treatmentfacil-
ity. Thedeadline to have the newfacility on
line was June 30, 1999, per an imposed
ConsentOrder.

The improvements to the wastewater
transmission system consisted of permit-
ting and design of two wastewater pump
stations, with pumping capacitiesof 3.0and
15MGD, andvariousimprovementstoex-
isting stations. The city’sengineering staff
provided in-house design for 95,200 linear
feetof12-, 24-, and 30-inch diameter pipe-
lines for rawwastewater, reclaimed water,
and potable water transmission mains.

Developmentofthe newfacility consisted
of site selection, ecological assessments,
and resolution of various site zoning issues.
Engineeringservice included permittingand
designofapretreatmentstructure, afive-
stagebiological nutrientremoval wastewa-
ter treatmentsystem, secondary clarifiers,
continuous backwash deep bed filters, and
high-level disinfection. The nutrientremoval
system consisting of fermentation, firstan-
oxic, aeration, second anoxic, and
reaeration basins.

Thedesignwasto provide advanced lev-
elsof treatmentbecause of the effluentre-
quirements for wetweather discharge into
the Indian River Lagoon systemand Class |
reliability requirements. Alsoincluded was
aClass B sludge stabilization facility con-
sistingof sludge holding, sludge thickening,
and limestabilization.

The reclaimed water reuse systemcon-
sisted of a6.0-million-gallon substandard
effluentstorage tank, a2.0-million-gallon
reclaimedwater storage tank, and high ser-

Harold E. Schmidt, Jr., P.E., is a vice president, J. Richard Voorhees, P.E., and Jon D. Fox,
P.E., are associates, all with Hartman & Associates, Inc., Orlando. Peter A. Korelich, P.E.,
is the chief engineer for the New Smyrna Beach Utilities Commission.

vice pumping. The reclaimed water high
service pumping facilities consisted of five
vertical turbine pumps ranging in capaci-
tiesfrom 4500 2,000 gpm. Ancillary facili-
tiesincluded anewadministrationbuilding,
a laboratory for both wastewater and po-
tablewater, motor control centers, and other
miscellaneousfacilities.

The overall wastewater management
programwas funded usingacombination of
methods. It included funds from the city’s
mandated facility surchargesand renewal
and replacementaccounts), utility system
revenue bonds, the State Revolving Fund,
andagrantfromthe St. Johns River Water
ManagementDistrict.

Objectives

The success of a wastewater manage-
ment design depends on development ofa
thorough and coordinated set of engineer-
ingdrawings and specifications, selection
of equipment, choice of contractor, and
owner'scommitmentto proper operation. A
projectstill may not meet all expectations
because of hidden problems thatenterinto
the projectas contractors prepare the bids.
Our goal was todevelop aformat thatpre-
vented poor quality or misapplied equip-
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ment from being included in the project,
while maintaining a high level of competi-
tionbetween the equipment manufacturers
andsuppliers.

The method of procurement itself can
become an impediment to a successful
project. The conventional open formatcom-
monly used in the bidding of wastewater
managementsystemsgenerally encourages
selection of only the lowest priced materi-
als, methods of construction, and equip-
ment. Problems sometimes develop and ex-
tend through construction and operation.
For example, when the term “or equal” is
added toawell-written specification, itmay
become vague to the reader. During the
bidding process, the contractor will receive
many quotes from many suppliers of the
equipmentnamed inthe specificationsand/
orinterpreted asan “equal” to the specified
equipment, and thus mustselect the lowest
priced equipmentor package to be selected
for the project. Therefore, little consider-
ation is given to the equipment that best
meets the requirementsof the project. Most
important, needs of the owner, who must
operate and maintain thefacilities, areig-
nored. Based on information fromthe U.S.
Accounting Office, one of the most signifi-



cant factors in the failure of wastewater
treatment facilities toadequately meet the
effluentlimitations for which they were de-
signed hasbeen inferior processequipment.

Ourexperience indicated that there was
noone best means of procurementand bid-
ding format. During our initial stages, we
evaluatedfive methodsindividuallyandin
combination:

1. Conventional open bid. Competition is
encouraged because the contractorsare
free tonegotiate with all interested par-
ties. However, this method also permits
the contractor the opportunity to offer
products thatwhile complyingwith the
salientrequirements of the specifications
and project intent may not be the exact
equipmentor processenvisioned in the
design. This process also encourages
prebid packaging, postbid shopping,and
may lead to the possibility of disputes
duringconstruction.

2. Base bid. Contractors are required to
base theirpricesonequipmentnamedon
afixed list. Competition tends tobe dis-
couraged, exceptamong the named “base
bid” manufacturers. Because the prod-
uctsand equipmentinthe base bid have
been evaluated in the design process,
fewer problemstendtoarise during con-
struction and start-up phases. Bid pro-
tests may occur because suppliers are
not listed in the specifications or bid
form.

3. Base/substitute bid. The contractor is
allowed to enter equipment names and
deductamountstothe bid package. The
bids can be evaluated either before or
after the substitutions have been in-
cluded. Similar to the base bid format,
competitionislimitedandgenerally pre-
bid packaging is discouraged. The con-
cernswith bid protestsare similar tothe
problemsthatcould be encounteredwith
the base bid process.

4. Evaluated bid. Equipment is selected
based on total cost, life-cycle cost, or
some other method of evaluation. This
format maintains equipment selection
with the owner and designer, provides
for competition, tends to eliminate pre-
bid packaging, and fulfills all the legal
requirements for bidding of federally
funded projects. Since the projectis de-
signed around a specific type of equip-
ment, disputes are generally minimized
duringconstruction.

5. Pre-selection of major equipment. This
method isvery similar to the evaluation
bid format since the engineer and owner
play a critical role in selecting not only
the type, but also the brands of equip-
mentinstalled. The primary differenceis
thatitdoes notgenerally permitcompe-
tition, since the equipmenthas already
beenchosen prior to the bid; however, it

leavesopen the possibility for afaircom-
petition during the equipmentproposal
process.

Itwas determined thatacombination of
methods 2 and 5 provided a number of ad-
vantages, such as:

1. Equipmentselectiondecisionsstaywith
theownerandengineer.

2. Newandinnovative processesandequip-
mentare encouraged.

3. Pre-bidpackagingand post-bid shopping
arediscouraged.

4. Disputesduringconstructionare mini-
mized.

5. Themethodislegal and enforceable.

Anumber of primary components of the
wastewater facilities were evaluated dur-
ingthe pre-selection/evaluation process. The
premise of the pre-selection processwas to
select the major pieces of equipment prior
tobidding. With the bidding format process
chosen, the contractor wassstill required to
purchase theequipmentandbe responsible
foritsinstallation, aswith typical construc-
tioncontracts.

The process equipment that was deter-
mined to be the mostimportantcomponents
of the wastewater treatment facilities to
meet the effluent limitations contained in

the Consent Agreementand was therefore
evaluated and pre-selected prior tobidding
included the biological nutrient removal
process, the method of filtration, and the
instrumentation package. Theprimaryarea
of ourevaluationwas the biological nutrient
removal wastewater treatment process,
sinceitwasthe heartof the system.

Anumber ofbiological nutrientremoval
treatmentprocesseswereevaluated, includ-
ing the Eimco 5-stage Bardenphoprocess,
Kruger Bio-Denitphoprocess, Envirex Orbal
Simpreprocess, and sequential batch reac-
tors. Each of the process suppliers was
invited to submit proposals on technical
meritand cost. Thecriteriafor the process
evaluation, identical for all proposals, in-
cluded influent and effluent characteris-
tics, operating conditions, and site consid-
erations.

Evaluations of technical proposalswere
based on capital and operating costs, labor
and maintenance requirements, operating
experienceand reliability, the ability tomeet
the effluent criteria, performance guaran-
tees, and other miscellaneous items (e.g.,
odors, aerosols). Moreover, during the pro-
cess proposal stage of the project, we visited
anumber of wastewater facilities that uti-
lized the treatment processes to develop a
subjective analysisofthem.

Itwasdetermined thatan Eimco 5-stage
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Bardenphofacility was the biological nu-
trientremoval treatment process that met
therequirementsforthe UCCNSB.

Themethodsoffiltration thatwereevalu-
atedwere travelling bridge and continuous
backwash deep bed filters, and they were
evaluated in a similar fashion to the bio-
logical nutrient removal processes. Itwas
determined that the continuous backwash
deep bedfilters were the mostappropriate
method of filtration for this project and
site.

Theevaluation of the instrumentation
package was more difficult because of the
many suppliers available. Since the pri-
mary goal was toselectasystem thatcould
efficiently operate with the selected bio-
logical nutrientremoval process, one of the
key evaluationcriteriawasexperience with
other biological nutrient removal pro-
cesses. Itwas determined that the Kruger
instrumentation package met all the re-
quirements of the evaluation.

Since Kruger and Eimco are competi-
torsinthe marketingof biological nutrient
removal process equipment, itwas thought
thatintegrating the Kruger instrumenta-
tion package with the Eimco equipment
would be difficult. It was quite the con-
trary, since both organizations, alongwith
the project team, worked effectively to-
gethertodevelop asuccessful instrumen-
tation package that met the needs of the
project.

Thiswas thefirst projectin the United
States to successfully integrate the Eimco
Bardenpho treatment technology with the
Kruger controlsand instrumentation sys-
teminabidding package.

We believe that this method of pre-se-
lection of the major process equipment
enabled the city and the project team to
selectthe mostappropriate equipmentfor
the project. Italsoenabled the project de-
sign team to work with the city and the
varioussuppliersand determinewhatwill
work best for the facility. Since the project
required the selection of specialized equip-
ment, itwas determined that this method
of pre-selection was useful.

Atthepreliminary and 60-percent-final
design stages, the project underwent an
intensive value engineering study toiden-
tify potential savings in capital and/or op-
erating costs. A savings of approximately
$540,000 was realized.

When the design was completed the en-
gineeringdrawingswere forwarded tofive
major general contractors for a feasibility
and constructability review. Additionally,
the review process provided information
regarding special construction techniques,
alternative layouts, and other cost saving
measures. The information from the five
reviews was evaluated and, where pos-
sible, incorporated into the final bidding
documents.

Results

The project wentout for bid in Septem-
ber 1997. Nine bids, ranging from
$16,156,705t0$18,725,000, were received.
Thelowbid by Indian River Industrial Con-
tractors, Inc., of Jacksonvilleresultedina
cost per gallon of $2.69. As of September
1998, the projectisapproximately 70 per-
cent complete. It has had one change or-
der—toadd two additional filterstoenable
the treatment of an additional 1.0 MGD
from the cooling tower of a proposed new
electrical power plant that will be con-
structed adjacent to the project site. The
$214,882 cost of the change order will be
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borne by the owner of the power plant. The
wastewater treatmentfacility iscurrently
inthe processofbeing repermitted totreat
anaveragedailyflowof7.0 MGD. Using the
rerated flows and the additional costs from
the change order, the cost per gallon was
now $2.33.

Thedesignand bidding formatallowed
the owner and engineer to implement a
programthat meets project needs, will mini-
mizesdisputesduring construction, andis
cost effective. Compared to recent bids
from similar sized and type facilities in
Florida, savingsofatleast $4,000,000 were
realized. ]



