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{ Mechanical Plant Costs and NPV
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Dillon Consulting Limited
Cape Dorset Sewage Options
File: 031943-1000
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Option #1 - Mechanical Treatment Plant
Capitai and Operating Costs
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7 Perma / FWS Sanitherm .SBR Notes
 Capital Cost:
= Origing! Bid $1,877.300 $835.676
‘ E REDUCE: Adjusted Tankage -$67,500.00
B REDUCE: Delete 1 Dinester $129.850 00
v ADD: Elevated Walkways $40.600.00
g ADD: Exira Blowers i~ $15,000.00
o Total SER Cost §1,679,950 $880,678
i Building Footprint {m2) 53¢ 580
Buiidirig Envelope Cost per m* $3,000 $3.000
Building Enveiope Cost $1.880000 $1,740.000
Foundation Voiume & 200 mm thick 1086 116
Foundation Cost @ $2000 / m3 $212.060 §232.000 Mech / Electrical Costs Based on Pang RBC + 20%
Buiiding Mechanicat / Electrical $860.000 $1,200,000.000 Includes instaliation of SBR Plant
Nunavut Power Line (800 m @ $100 /my $80.000 $830,000
Total Buiiding $2,842,000 $3,252 100
Total Plant and Bullding $4,521,950 $4.,142,676
Eﬂg&ﬂeeréﬂg @ 10% $452 185 $414,2688
R Contingene 25% $1,130.488 $1.035,669
; GRAND TOTAL $6,104,633 $5,592,613
O+ M Cost @ Design Flow (8%, of Capital) $361,756 $331.414
i
i Note:

P Costs do not include any Environmental Assessmens and Permitting, Sealift, and Taxes

NPV ANALYSIS
Perma / FWS SBR
Construction Year $6,104,632.50 $5,592,612 60
i $218,161 $199.862 Operating Cost @ 156 m3fday
2 $223,763 $204.,985
3 $229,818 §210.543
4 $238,720 $215,949
5 $241,873 $221.588
& $248.077 $227270
7 $255,382 $233.962
8 $262.544 §240,523
g 268,917 $248,362
16 $275,772 $252.642
13 §282.250 $258.577
: 12 $288,780 $264.554
13 $296.242 $271,385
14 $303,101 $27767%
15 $311,134 $285.038
16 $318.243 $292.467
17 $327.422 $298.860
‘ 18 $339.914 B311404
s 18 $350.838 §321.408
26 $361,758 $331.414 Operating Cost @ 265 m3sday
NPV @ 2% $10,638,182 $9,745.914
NPV @ 4% $9,810,469 $8,987 825
NPV @ 8% $8,684.817 $7,970.128

8/5/2003



i Dillon Consulting Limited
Cape Dorset Sewage Options
i File: 031943-1000

Mechanical Plant Operating and Maint. Cost Worksheet

Background: US EPA has published O + M costs for
an SBR with a daily flow of 378 m3/day. The capital cost of the plant was
$1,104,500 in 1999 US $8.

N

Source: US EPA Wastewater Technology Fact Sheet,
Wetlands: Subsurface Flow, Table 8, Cost Comparison
SF Wetland and Conventional Wastewater Treatment

Raw EPA O + M data
Daily Flow 378 m3/day
Annual Flow 137970 ma
Annual O + M $106,600 1999 US $$
Plant Cost $1,104,500 1998 US §$

(1) |0+ M as % of Plant Cost 9.7%
per m3 $0.77 1999 US $3
Adjust EPA Data for Cape Dorset:
Daily Fiow 265 m3/day
Annual Flow 96725 m3
Annual O+ M @ $0.77 per m3 $74,733 1999 US $%
Say 50% of Cost is Power $37,366 1999 US $$
NU Power Cost / US Power Cost 3.5
Adjusted Power Cost $130,782 .41 1999 US $$
Total Adjusted Cost $168,148.81 1899 US §%
Inflation @ 2 %/yr (1998-2005) $185 850
Convertto CDN §3 $278,474.81

(2)  |As Percentage of Capital Cost 6.16% Perma
per m3 $2.88 CDN $%
Take Average of (1) and {2) 7.9% say 8%
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Dilion Consulting Limited
Cape Dorset Sewage Options
Fie: 031943-1000

Mechanical Plant Operating and Maint Costs
Based on 8.0% of Capital Cost,
Cost is scaled at flows less than peak flow

Perma SBR
Year | Population Daily Sewage | Annual Sewa e | O+MUnitRate | O+M Cost
{m3} {m3) {$8/m3) (5$)
2004 1327 156 56,887.00 3.74 3212 797
2005 1354 160 58,331.00 3.74 $218,161
2008 1382 164 §9,829.00 3.74 $223.763
2007 1412 168 651,448.00 3.74 $229 818
2008 1441 173 63,026.00 3.74 $235 720
2008 1471 177 84.671.00 3.74 $241.873
2010 1501 i82 86,330.00 374 $248,077
2011 1536 187 68,283.00 3,74 $255,382
2012 1570 192 70,188.00 3.74 $262 544
2013 1800 197 71.902.00 374 $268,917
2014 1632 202 73,735.00 3.74 275772
2015 1662 207 7546700 3.74 $282 250
2018 1692 212 77,213.00 3.74 $288 780
2017 1726 217 79.208.00 3.74 $296,242
2018 1757 222 81,042.00 3.74 $303,101
2019 1793 228 83.180.00 3.74 $311,134
2020 1828 234 85,358.00 3.74 $319,243
2021 1873 240 87.545.00 3.74 3327 422
2022 1919 249 50,885.00 3.74 $338,914
2623 1965 257 93,805.00 3.74 $350 835
2024 2012 265 96,725.00 3.74 $361,756
Average $278,738
Sanitherm SBR
Year | Population Daily Sewage | Annual Sewage | O+ M Unit Rate G + M Cost
{m3) {m3) ($8/m3) J£13]
2004 1327 156 56,897.00 343 3194 949
2005 1354 160 58,331.00 3.43 $199,863
2006 1382 164 59 82900 343 $204 595
2007 1412 168 61,448.00 343 $210,543
2008 1441 173 63,026.00 3.43 $215 949
2008 1471 177 64,671.00 3.43 $221,586
2010 1501 182 66,330.00 343 p227 270
2011 1538 187 68,283.00 3.43 $233,962
2012 1570 192 70,198.00 3.43 $240.523
2013 1600 157 71,902.00 3.43 $246,382
2014 1632 202 73.735.00 343 $252 842
2015 1662 207 75.467.00 343 $258,577
2018 1692 212 77,213.00 3.43 $264 559
2617 1728 217 78,208.00 343 $271,395
2018 1757 222 81,042 .00 3.43 $277 875
2019 1783 228 B3,190.00 343 $285,038
2020 1829 234 85 358.00 3.43 $292 487
2021 1873 240 87,545.00 343 $290,9680
2022 1919 249 90,885 00 343 $311.404
2023 1965 257 93 805.00 343 $321.409
2024 2012 265 96,72500 | 3,43 $331,414
Average $255,159
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SBR Mechanical Plant Operating Cost Data
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Cost and Performance Evaluation of BNR Processes

Gerald W. Foess, Paul Steinbrecher, Kenneth Williams, and George $. Garrett

L heuseof biological nutrient removal {BNR) processes is
Yy expected to increase in Florida because of growing con-
*+ cerns about the effects of nitrogen and phosphoruson the
stimulation of undesirable aquatic growthin surface waters and
the potential adverse health effects of nitrates in groundwater.

IntheFlorida Keys.degradation and eutrophicationofcanal and
nearshore waters led Monroe County to reguire all new and ex-
panding wastewater treatment facilities to meet Advanced Waste-
water Treatmert (AWT) or Best Available Technology (BAT).
However, the county lacked the information it needed 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 lirnited operational
oversight. Experience had demonstrated that DEP AWT limitsof3
mg/L fornitrogenand 1 mg/L for phosphorus could be achieved by
large plants, but there was no assurance or expectation thatsuch
stringentlimits could be achieved by small plants. Additionally, no
specific BAT standards existed.

A study was commissioned by Monroe County, with supportand
financialassistance from DEP, to determine BAT efftuent limita-
tions for treatment plants with permitted design capacities in the
range of 2,000 to 100,000 gpd, The summary providedinthisarticle
includesareviewand rariking of BNR technologies and proprietary
equipment on the market with respect tocosts, performance, ang
other factors. Information was derived from equipment suppliers,
DEP and EPA databases, technical literature. and visits to aperat-
ing facilities.

Small-Flow Nutrient Removal Facilitiesinthe U.S.
Table 1 contains a .0 0 1 4y 5. WWTPs wiTH
nationwide list of fuli- NUTRIENT REmOvaL

scale facilities in the
2,000 to 100,000 gpd ProcessesCapaciry < 0.1 mop

i Lotation P Removal N Removaf

range that are designed

T Arkansas - 1
tomeet total nitrogenor Arizona _ s
phosphorus limits, as California — 1
derived from DEP and Cotorado 10 3
EPA databases and in- glgg‘;’;“‘w i 116
put fram 85 equipment Indiana 3 -
suppliers. The most  Marylang 2 1
cemmen phosphorus :ﬁiﬁﬁmusem " g
limitis 1.0mg/L, rang- ann§:§w 15 -
ingfrom8.1t02 0. The New Jersey 8 4
mostcommonritrogen  New Mexico - 3
limitis 10mg/L. ranging  New Yok 5 iz

. Pennsylvania — 11
from 310 14. Florida has —— P py
imposed the most strin- = U S A P ™
; ivni ources: U, S, ennit Lomplance Systerm;

gentnitrogen limitson 7788 o s database: Equipment Suppiers
plartsinthissize range.
Site Visits

Nutrient removal systems in the size range of 2,000 to 100,000
gpdarealmaost urtiversally furnishedas pre-engineered, factory- or
field-assembled package systems. Approximately 25 systems avail-
ableon the market were evaluated. followed by visitsto 17 operat-
ing treatment plantsin Florida, New York, New Jersey. and Massa.-
chusetts. The plants representeddiverse technologies and covered
aspectrumof sizes within the ra ngeof interest. information was
gatheredon plant performance, actual operationand maintenance
vosts. actual capital costs, and the level of operator staffing. The
collected information was subsequently used in the evaluation of

T Geraid W Foess, Phiv, B E - and Peut Stemtrecher, D E ara with
CHZM HILL in Deerfieid Beach. Kennets Witiams, PE. < with
CHEM FILL in Key West George S Garrett s with tre Manroe
County Marine Resources Department, Maratsan,

alternative systems.

Nutrient Removal Systems Evaluated
The following biclogical nitrogen removal systems, which were
considered representative of the diverse technologies on the mar-
ket and applicable tosmall treaument systems, were selected and
evaluated.
I MLE (2-Stage) Continuous-F low Suspended-Growth Process
2. 4-StageContinuous-Flow Suspended-Growth Process
3. 3-Stage Continuous-Flow Suspended-Growth Process
4. 4-Stage Sequencing Batch Reactor (SBR) Suspended-Growth
Process

Tapee 2. SeLecrep NuTriENT Removar Systeus

Actievable Effuent
Cuality
Representative BODTSSTNG
System Description Suppliers {mgh)
1 MLE Process — continuous-flow Smith and | oveless W00
suspended-growih process with an U, 8. Filter/Daven
intlial anoxic stage followed by an Agration Industries (8/511071 with
agrobic stage Zertan Environmental fittration}
The McNei! Company
2. Four-8tage Process — continuous-  Smith and Loveiess 1010/612
fiow suspended-growth process U. S. Filter/Davee
with alternating anoxic/asrobies Zenon Environmenta (550611 with
anaxic/aerobic stages The McNeif Company fitration)
3. Three-Stage Process - confinuoys. Smith and Loveless 10110/8/2
flow suspendad-growth process with LS. FilerMaveo
aHternating aerobic/anaxic/asrobic Zenon Environmental  (5/5/6/1 with
slages The MoNeil Company filtration)
4. 8BR Suspended-Growlh Process — Agua-Aerobics 10/10/8/2
batch process sequenced to simulate Purestream, Inc
the four-stage process U. 8. FilterfJet Tech {5/5/8/1 with
. Babcoek intemational fitration)
Fluidyna
5. infarmittent-Cydle Process — Schreber Comporstion 10408772

Austgen-Biojet
Cromaglass Corporation {5/5/841
AES with filtration}

mogified SBR process with
continuoas influertt fow but batch,
four-stage, reatment process

U 8. Filter/Daveo
Purestream, Inc.
Aeration induslries

158671 {process

B. MLE and Deep-Bed Filration
nchides firation)

Process - Altemate 1 followed by
attached-growth denitrification fiter

7. Submerged Biofiller Process - Tewra Technologies. Inc. 2072001202
cortinuous-low or intermitient-cycis WWSI

process using one or more Semith and Loveless (/51211 with

submerged media biofiters with fitration:

sequential anowiciaerabic stages

8. RBC Pracess - continuous-Bow CMS Group 2062071272

process using RBCs with sequential wWws!

anoxiciasrotic stages SIS0 fwith
fitration;

9. Conventional Secondary Treatment Smith and Loveless TG0

~ contiruous-fow acivated siudge U. 8. Fiter/Daven

process ino enhanced nutrient Aeralion industries SPBSNE, vty

semoval; inCluded for bagis of Zenon Environmental fiitraticn}

COMparnison} The MeNail Company
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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. Rotating Biological Contactor (RBC) Process

Ineachcase, therecommended method of phosphorus removal
was chemical precipitation. Inaddition, efffuent polishing filtration
wouldbe provided ineachsystern, except System 8, which already
incorporates the deep bed filtration precess for nitrogen removal,

Table 2 presents a descriptionaf each system, representative
equipment suppliers, and estimated achievable efffuent quality.
Also included for comparison is a conventional secondary treat-
mernt plant (System 9).

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

The MLE process (Systern 1R} can beretrofitted toan existing
plant by adding an anoxicbasin upstreamof the existing plant, re-
directing the influent flow to this basin, and adding recirculation
pumping from the existing aeration basin to the new anoxic basin,
Alternatively. an anoxic zane 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

TS 10mg/L
N 10mg/L.
p Img/l

CostComparison

Tables 3 and 4 compare costs for the nine new-plant and twe
retrofit alternatives. respectively, for five different treatment ca-
pacities. The cost summary includes the estimated construction
cost, annual O&M cost, uniform annual cost, and unit cost ($/1.000
gallons). Uniformannual costs were determined usingan interest
rate of 6 percent for a 20-year period. The unit cost was determined
by dividing the uniform annual cost by the numberof 1,000 gallons
of wastewater treated per vear, at 80 percentcapacity utilization.

Canstruction 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
treatment system. Ingeneral, the conventional suspended-growth
nutrient removal technologies have the lowest construction costs
for capacities exceeding approximately 10.000 gpd. The attached-
growth processes construction costs are competitive at the small-
estsystemsizes of4,000and 10,000 gpd. A generally poor correla-
tionexists betweenthe constructioncost of alternatives and nitrogen

removal performance. C fP T &j

TasLe 3. Costs oF NutriEnT RemovaL SysTems — New PLanTs ~ 16O af,dp
( .

Treatment Faciity Design Capacity N/

plant. replacing any existing filtration facili- 4,000 10,000 25,000 50,060 100,000
ties. New pumping facilities to pump second-  System (gpd) {god} _led
ary effluent to the deep bed filter would be 1 MLE ; ; s
ired, as well as methanol feed facilities Construction Cost, 261,000 311000 § 422006 § 601000 § 874,000
and chemieal foort "ith Tor oh facl‘q‘ e AMGEOBMCostSir S 30400 8 5500 § sty 3 ope 100,100
and chemical leed facilities for phosphorus e S0 = Cost$ir § 53200 § 62800 5 86200 § 118600 § 176300
remaval. Unit Cost, $/1,000 gai $ 818 0§ 281 0§ 480 0§ 111§ 82
2 Four-Stage
rmanceCmnpan’son Construgtion Cost, § § 336,000 $ 388000 § 475,000 $ 665,000 § 96B0GC
P&'ﬁ? ) . ble 2. all of the Arnual OAM Cost, $Ar § 52500 $ 57800 § 73800 $§ 95900 § 132300

Asindicatedin Table2, allof thesystems o 0 P & $yr § 818G $ BST00  § 115200 § 54000 § 216700
are generally considered capable of meeting Unif Cast, $/1,000 gal $ 950 3 4178 214§ 143 % 10.1
effluent BODand TSS concentrations similar 3 ﬁ“ﬁgec t§ $ 291080 $ 333000 § 441000 $ 627000 § 913000

. . struction Cost, , , | | :

tolarge plants, Achievableeffluent nitrogen  Consucian Cost$Ar & 35900 § 41800 § 56400 § 76200 § 115900
concentrationsrange from 6 to 12mg/L, with  {nifom Annusi Cost S § 53300 $ 70800 S G480 § 130900 § 185500
the 4-stage and 3-stage processes and the gnit Cost, $/1.000 gat $ nz2 3 k7 B 76 0§ 22§ 9.1
deep-bedfiltration process (Systems 2, 3.and 4 SBR

e . . : : Construction: Cost, § $ 336,000 $ 381000 § 482000 $ 897,000 § 866,000
6. respectively) being the most effective. Chemi- 0 W00 Cost,Byr ~ § 28000 § 34100 § 49100 § 67600 § 100000
tal phosphorus removal inall of the alterna- Unform Amnual Cost. St § 57300 § 67300 § 91100 § 128480 § 184200
tive systems is expected to achieve effluent Linit Cost, H‘%{,:()eil} gal $ 65 3 M3 % %8 % 18 3 a6
T~ i i i 4. 5 intermitfent Cycle
**W;‘;;’ f2mg/L withoutfiltrationand I mg/L, 5 fntermiten Cost$  § 229000 § 374000 S 584000 S 851000  §1.026.000
withilitration. Annual OBM Cost, §hyr — § 28000  § 34100 § 49100 § 67500 & 100,000

Achievable permitlimitsforthe MLE retro-  Unifom Annual Cost, By § 48000 5 66700 S 100000 $ 142700 § 189408

fit system {System 1R) were considered com- . ;f;;_';ie;ifﬁg g?; i $ 587 % ne § 186 % 135§ 8.8
p ; . : p iftration

parableto the corresponding new plant MLE e ricon Cost § § 308000 § 368000 5 486000 5 6R4000  § 988.000
system (System 1). Achievable permit Hmits  gunal Oam coat Syt % 36800 § 42700 0§ 58900 § 75000  § 111400
for the deep-bed filtrationretrofitsystem (Sys- Uniform Annal Cost $fr § 63800  § 74800 § 100500 § 331800 § 194,900
tem 2R} were also estimated tobe similarto Ut Cost, §1,000 ga A 22 T T R 81
thosefor the corresponding new-plant system | Submerged Biofiiters

ponding p VSN o onstraclion Cost, § § 247000 § 296000 S 450000 § 847000 See Note (1)
{System 6), but with a somewhat lesser N Annual OBM Cost Syt § 19500  § 24400 § 43100 §  £0400  Ses Nole (1)
removal capability because the retrofit sys- Uniform Annuai Cost 847§ 41000 $ 50200 § 80300 § 134200  SeeNole £
tem did not incorporate an MLE process. ; ggié(losl, $1.000 gai 5 476§ 233 $ 48 % 125 Ses Note (1

. ']

As a result of this performarnce assess- ° GO0 L oo 0 332000 S 57000 S 868000 §1.082.000
ment, DEP provided to Monree County the Annual OBM Cost, $iw 5 20400 5 25800 0§ 43400 S §1500 0§ BGALD
following BAT limitations (annual average Uniform Annual Cost $fyr - § 43300 § 55700 § 89300 § 137200 8 184.600
basis) applicable to new and expanding facili- _ Uit Cost, /7,000 gas So503 s 259 5 e 5 127 8 B6

. . . . L. i Baseline - Secondary Treatment
ties with permitted design capacities of less Construttion Cost, § 183000 5 223000 % 303000 0§ 461000 § 671000
than 100.000 gpd {source: DEP correspon- Annual OBM Cosl, 87§ 22000 & 2650 5 39200 $ 52100 0§ 7B000
dence to Monrpe {:Qun(y Commissioners dated Unifgrm Anrwal Cost. $fyr § 37,500 $ 45900 § 85600 $ 52300 § 138500
Unit Cost, /1000 gat § 440 3 213 3 12.2 3 8.6 3 5.3

May 12, 1988):
Note: {1} Exceaded manufatlurer's sizes
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TasLe 4. Cost Summary For Retrorr Svysrems

For the retrofit alternatives, the annual and unit cost
operating a denitrification filter are nearly twice those

System Design Capacity retrofitting and operating an ML E system.
4,000 0000 25000 50000 100,600
Systanr {ged} fgpd} {gpd) {g0d) {gpd) Ranlu’ng
ROXIC TANK 167 Pgrade . ;
Construction Cost, $ 2,000 24000 38000 57000 80,000 Weighted rankings for the seven new treatment pla
Anrual O&M Cost, Siyr 12100 12600 13400 4700 21400 alternatives and the two plantretrofit alternatives were pr
Uniform Annual Cost, Shr 13,800 14,780 18,800 23700 28,100 ed i five crit: riathatcon idered b o
Preseni Worth, § 189800 168500 192700 271500 appgon Eored usingfivecriteriat st path castand n
Unit Cost, $/1,500 gat 181 5.8 31 22 13 cost factors associated with the ownership, eperation, ar
Y | performanceof srall-flow nutrient removal treatment plam
R2  Deep Bed Denittification Filter Thecriteriaevaluated were unit cost. nitrogen removal pe
Construction Cost, 109000 121000 147000 183,000 213,000 formance. process control flexibility, ease of operation, ar
Annuai OBM Cost, Siyr 17800 18200 20300 24806 28600 land s F h eriters \at] f
Unifom Annual Cost, $iyr 27100 28700 33100 36000 47200 lend requirements. For eac criterion, a relative score of
Present Worlh, § 0906 329800 379800 447500 547000 (less favorable) to 5 fvery favorable) was assigned to eac
Unit Cost, $/1,009 gal 315 133 6.1 38 22 alternative. The raw scores for each criterion were the

For the retrofit alternatives, only the new facilities needed for
nitrogen and phosphorus removal are included. Although the deep
bed denitrification filter retrofit alternative provides somewhat
better nitrogen remaval percentage than the MLE retrofitalterna-
tive, it isapproximately twe to four times morecostly, depending on
capacity.

O&M casts were 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 nitroger and phosphorus remaoval facilities was esti-
mated. Assumptions wereas fullows:

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

minimumstaffingper F.A.C. 62-699.310
* Electricity- $0. 10/kW-hr
* Maintenance and repairs materials and labor - 3 percent of

capital costs/year
* Solids handling and disposal - liquid haul at $0.17/gal
* Administrative - 5 percent of the sum of the operations labor,

electricity. and maintenance and repairscosts
* Laberatory . commercial ratesapplied torequired monitoring
parametersinF.A.C.62-0699.310

multiplied by a weighting factor to amplify the rankings

more important criteria relative tothose ofless importantcriteri
Theresults aresummarizedin Tables 5 and 6 for the mew:plantan
retrofitsystems, respectively. :

Forthenew-plantalternatives, the three-stage system (Systen
3) was ranked the most favorable based on its moderate costs
process control flexibility, and ease of operation. The MLE an
deep-bed filtration systems (Systems 1 and 6, respectively} were
ranked second and third, respectively. The SBRand intermittent
cyclesystems (Systems 4 and 5, respectively) wereranked ina tie
for fourth. The four-stage system {System 2) was ranked fifth, while
theattached-growth systems (Systems 7 and B)wereranked inatic
forsixth.

Among the tworetrofit alternatives, the MLE system {System
IR} had the best ranking, primarily due to more favarable unit costs
and ease of operation, u

TasLE 5. Ranking oF NuTrRiENT REmovAL ALTERNATIVES

* Chemical costs - alum for P removal at $1.80/[b: Symclosene FOR New WWTPs ~§\‘&\

{chlorine) at $2.50/Ih: methanol at $0.15/b o «S‘% \@%@‘ @;\\0‘\ > -

F . o s B o F § S 2

or the new-plant alternatives, the data show that the two & oF @?‘i‘ F 8T @ o ) g‘g \—{}QA

attached-growth processes (Systems 7 and 8} have the lowest & o 5 @ ¢ @“’2' \9& Q@‘“ 7
O&M costs, which was due ta lower costs for electricity, solids Weighting Factor 30% 30% 15% 15% 0% 100% _
handling, and laboratory analyses, These processes are also 1 WMLE 4 4 3 3 3 47 3a 5
simpler tooperate thanisuspended-growth processes. O&Mcosts 2 Four-stage T 5 5 7 I B 32 5
are highest for the four-stage (System 2} and deep-bedfiltration 3 Theee-stags 35 4 3 3 L P
(System 6} systems because they are the most complex tooperate 54 !?:?;m ftont Cycle g‘ : g g‘ : ; Y g‘;‘ : g;:f
and maintain. Forthe same reason, the deep-bedretrofitalterna- ¢ MLE +Deep BedFilttason 2 5 5 2 3 47 35 3
tive (System 2R) has higherestimated O&M costs thanthe MLE 7  Submerged Bioflters Iz 2 4 5 16 29 6t}
retrofitsystem (System IR). & _RBC i 2 2 4 5 % 29 sl

Onaunitcost basis, the nutrient removal systemns with filtra- Total Fossibie Poinis . 2% 5

tion included are approximately 20 t5 40% more costlythana Note: Seores: 1 fass Favorable} to 5 (More Favorabie)

canventional secondary treatment systemwithout filtration, For
the two lowest new-plant capacities analyzed (4,000 and 10,000

gpd). the attached-growth processes (Systerns 7 and R appearto  TABLE 6. Ranking oF ReTRoFT NUTRIENT REMOVAL ALTERNATIVES

have clear life-cycle and unit cost advantages over the other
nutrient removal technologies. These alternatives are followed
by theintermittent-cycle, MLE. and SER systems {Systems 5, 1,
and 4) in a middle cost range. The highest cost systems in this
flow range are the four-stage (System 2) and denitrification filter

(System 6) systems. As plant capacity increases to approxi-  Weighting Factor

g
& NN
o s &
& & ,ﬁ% A o
o s o F W e 5
95\“} & & &8 CR ¥ @
¥ ; . & 2
) S W oF S S
0% 0% 15% 15%  10% 160%

mately 25.000 gpd or greater, the total cost advantage of the 1 Anoxic Tark, MLE Upgrade & 4 3 3 317 38 1

attached-growth svstems begins to disappear. The four-stage 2__ Deep-fed Benite Filter g4 3 3 a4 45 o3p 2
continuous-flow process {System 2} is consistently more costly Total Possible Ponts 2% 5
thanallother technologies across all facility sizes. Note: Sceres: 7 (Less Favorabie) to 5 {More Favorable)
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Stratﬁfies For Procurement of
GD Wastewater Treatment F acility

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

| n 1980 New Smyrna Beach con-
" structed a 4.0 MGD pure oxygen
high-rate activated sludge waste-
walter treatment plant that discharged to
the IndianRiver Lagoon system. Tocomply
with House Bill 3247, the Indian River
Lagoon Act.in 1991 the city upgraded the
plant toprovide advanced secondary treat-
ment and a public access reclaimed water
system. Additional expansions were neces-
sitated by population growth in the service
area,

Alternative methods of process optini-
zation toupgrade 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
citydecided tomake various improvements
tothe wastewater transmission systemand
toconstruct anew 6.0 MGD treatment facil-
ity. The deadline to have the new facility on
line was June 30, 1999, per an imposed
Consent Order,

The improvements to the wastewater
transmission system consisted of permit-
ting and design of two wastewater pump
stations, with pumping capacities of 3.0and
L5MGD, and various improvements to ex-
isting stations. The city's engineering staff
provided in-house design for 95,200 linear
feetof 12-,24-, and 30-inch diameter pipe-
lines for raw wastewater, reclaimed water,
and potable water transmission mains.

Development ofthenew facility consisted
of site selection, ecological assessments,
and resolution of various site zoning issues,
Engineeringservice included permitting and
designofapretreatment structure, afive-
stage biological nutrient removal wastews.
ter treatrnent system, secondary clarifiers,
tontinuous backwash deep bed filters, and
high-level disinfection, ‘The nutrient removal
System consisting of fermentation, first an.
axic, aeration, second anoxic, and
reaeration basins.

The designwas to provide advanced lev-
elsof treatment because of the effluert re-
quirements for wet weather discharge intp
the Indian River Lagoon systemnand Class I
reliability requirements. Alsoincluded was
aClass B sludge stabilization faci litycon-
sisting of sludge holding, sludge thickening,
and lirme stabilization.

Thereclaimed water reuse systemcon-
sisted ofa 6.0-million-gallon substandard
effluent storage tank, a 2.0-million-gallon
reclaimed water starage tank. and highser.
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vice pumping. The reclaimed warer high
service pumping facilities consisted of five
vertical turbine pumps ranging in capaci-
tiesfrom 450te 2,000 gpm. Ancitlary facili-
tiesinclided anewadministration building,
a laboratery for both wastewater and po-
tablewater, motor control centers, andother
miscellanecus facilities,

The averall wastewater management
programwas funded using acombination of
methods. It included funds from the city's
mandated facility surcharges and renewal
andreplacement actounts), utility system
revenue bonds, the State Revolving Fund,
andagrant from the St. Johns River Water
Management District.

Objectives

The success of a wastewater manage-
ment design depends on development ofa
thorough and coerdinated set of engineer-
ingdrawings and specifications, selection
of equipment, choice of contractor, and
owner'scomimitment tg properoperation. A
project still may not meet ail expectations
because of hidden prablems thatenter into
the project as contractors prepare the bids,
Ourgoal was to develop a format that pre-
vented poor quality or misapplied equip-
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ment from being included in the project,
while maintaining a high level of competi-
tion between the equiprment manufacturers
andsuppliers.

The method of procurement itself can
become an impediment to a successful
praject. The conventionalopen format com-
monly used in the bidding of wastewater
ranagement systems generallyencourages
selection of enly the lowest priced materi-
als. methods of construction. and equip-
ment. Probiems sometimes developand ex-
tend through construction and operation.
For example. when the term “or equal” is
added toawell-written specification, it may
become vague to the reader. During the
bidding process, the contractor will recejve
many quotes from many suppliers of the
equipment named in the specifications and/
orinterpreted as an "equal” to the specified
equipment, and thus must select the lowest
pricedequipment or package to be selected
for the project. Therefore, little consider-
ation is given to the equipment that best
meetstherequirementsofthe project. Most
impaortant, needs of the owner, who must
aperate and maintain the facilities, are ig-
rored. Based on information frem ehe U.S,
Accounting Office, one of the most signifi-



