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Lake Pollutant
Sources

External

« Stormwater/non-point
sources

* Point Sources

« Septic Systems

« Seepage

« Atmospheric Deposition
Internal

* Nutrient Sediment Flux
 [egacy loads
* Internal Recycling
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Internal Loading

« Occursin:
 water column
« sediment

* Physiochemical and
Biochemical Processes
« Mineralization
 Desorption
o DISSOIULION (everseorprecipiation)

Degradalion

« Can .be the dqminant Microbial mineralization
nutrient loading source!

e Lake remains in
algae- dominated
“stable state”

Internal loading is often an issue with an “impaired water”
\\\I) .

Adsorption and complexation

Sediment



Internal Load
Manhagement

« Reduction of watershed loading is the primary focus of most regulatory
agencies and programs including FDEP (TMDL, BMAP, etc.)

« |f ALL unnatural watershed loading is eliminated, the lake is expected to
eventually re-balance naturally —that's a big “IF”

 The reality is that 100% elimination of human made external pollutant loading in
an urban area is not likely so we need to co-develop strategies for addressing
internal loading when it is identified as a significant source of the TP/TN loading
budget

* Projects aimed at reducing internal load are intended to accelerate water quality
benefits of watershed load reduction projects



City of Casselberry:
Lake Jesup Total Nitrogen BMAP

Client’'s Needs:

« BMAP requires an overall TN load reduction of 2,956 lb/year as N by 2030
« City has other projects already underway.
« City wants improvement to lakes within the city as to benefit their residents.
« Meaning that a system at the end of the watershed is not an option.
Scope:
« Preformed stormwater Pollutant Load Analysis (PLA) to determine high annual load
areas.
* Provided 3 conceptual BMPs that put significant dents in the TN BMAP requirement.
« Evaluated location options based on:
TN loading from PLA.
« Basins & Drainage infrastructure
« City owned land.
« Benefits to lakes within the city.




How to accomplish this?

Need a BMP that treats a large annual volume of water, the higher the TN

concentration the better.
Stormwater flows tend to be spread out and large attenuation means massive BMP.

e Time to Think Outside the Box.... or TANK




Think about a fish tank

* Like alake, just no outflow
« Fish food = nutrients in stormwater
« Nutrients released from decaying poop = internal loading
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How does a fish tank stay healthy?

Why doesn't the fish tank go eutrophic?

It has a biosorption filtration system!

1. Water flows down through the gravel.
« Physical filtration.
« Biofiltration by biofilms on the gravel.
2. Water flows up the columns and then through carbon filters.
« Sorption onto the carbon.
\\\I) « Biofiltration by biofilms on the carbon.




Treat a Lake with Recirculating BAM System!

« Downflow BAM system with wetland plants.
« Assume lake water and wet detention pond water are similar.
« BAM removal efficiencies for treating wet detention pond effluent will apply to lake water.

DESCRIPTION OF MEDIA PROJECTHD TREATMENT PERFORMAMNCE * TYPICAL
OPERATING
TSSREMOVAL | TH REMOVAL | TP REMOVAL* LIMITING
Media and Typical Location in EMP Treatment Train MATERIAL EFFICIENCY EFRCIENCY EFRCIENCY i
B&GECT ™™ |
Folicrw 5 3 BMP - I{:,'I' Tire Chips' B0% 25% 25%
stand alone list 500 ) Expanded Clay 70% 45% 45% 95 inihr
IFGEM '™ Iren”
dow n Tlow or upliow iers ® O Tire Crumb®
pErvious pase, ires wall rain garden, sw ale, VES, side fikar |:|a-!|r"' and San-:l" 059 ansg a5 5 inthr
BEGECTZ "= Expanded Clay*
e Wit Detention using Up-Flow Filter Tire Chip' B0% 25% 25% 98 infhr
Stand akone fist 5w O 70% 45% 45%
SAT 0 ) Sand’
A Trsl BMP, as a Dow n-Now Filler (FLTRATION) 85% 30% 455 2infhr
[ ] ..Q B&GCTS ™EY Clay’
Baottomof dry basin 127 depth™ use rate = 1 infhr Tire Crumhb”
pervious pave, iree well rain garden, sw ale, VFS, side fiter | Sand’ & Topsaoil” 00% 0% 20% 5 inthr
BEGCTS ™" Clay"
Botiom of dry basin 24™ depth™" use rala = 1 infhr Tire Crumb®
pervious pive, lree well rain garden, swake, VFS, side fiker | Sand’ & Topsoil® a5% TE® 5% S inffr




Treat a Lake with Recirculating BAM System!

 Option #1: Control Contact time with effluent orifice.
« Stormwater treatment is primary goal, lake recirculation is a bonus.
« Advantage: Ensures stormwater has proper EBCT for design removal efficiencies.
 Disadvantage: Modifying EBCT requires physically changing the effluent orifice.

« Option #2: Control Contact time with pump, no effluent orifice.
« Lake recirculation is primary goal:
« Advantage: Ability to vary EBCT to find best performance for lake recirculation.

« Disadvantage: Stormwater will have an EBCT lower than manufacturer specification.
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Lake Concord

 High stormwater TN load basin per PLA.
« No good area to capture stormwater for
treatment.

« FDEP Classification = Impaired
 Look how GREEN IT IS!
« Aerial Imagery from 3/12/2025
* Limiting nutrient = BALANCED
» Decreasing either TN or TP should
Improve water quality.

Parameter Mean Median Start Date End Date
Total N 0.767 0.720 1/25/2017 3/30/2023
(mg/L as N)
TKN
0.725 0.650 1/25/2017 6/19/2019
(mg/L as N)
NOx
0.009 0.004 1/25/2017 3/13/2023
(mg/L as N)
Total P 0.032 0.032 1/25/2017 3/30/2023
(mg/L as P)
Orthophosphate 0.004 0.004 9/23/2014 3/13/2023
(mg/L as P)

Reference: USF. Lake Concord. Seminole County Water Atlas. [Online] 2023.
https://seminole.wateratlas.usf.edu/waterbodies/lakes/7528/lake-concord.
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Estimating TN Inputs to Lake

Description

TN Mass Flow
Rate
(Ib/year as N)

Precipitation/Atmospheric Deposition 182.54
Runoff from subbasin containing Concord 39.68
Runoff from other subbasins 589.74
Quail Pond discharge to Lake Concord 6.61
Seepage 34172
Internal Recycling 989.88
Total 2,150.17
Citation:

Lake Concord Hydrologic / Nutrient Budget Evaluation

Prepared by ERD, 2020

\\\I)

ANNUAL TN LOADS TO LAKE CONCORD

Precipitation/Atmospheric Deposition
8.5%

Stormwater Runoff from
subbasin containing
Concord
1.8%

Internal Recycling
46.0%

Stormwater Runoff
from other subbasins
27.4%

Quail Pond discharge
to Lake Concord
0.3%

Seepage
15.9%

Annual TN load from Internal Recycling (46.0%) is GREATER than Stormwater (29.2%)!!!!
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Downflow Lake Recirculation Wetland BAM filter.
Non-storm EBCT controlled by pump rate.

Wetland EBCT decreases during storm event
plants

water level

Overflow

Operating water level

grate

Junction box

= 0.5 ft free draining

Cover Cap/growth media
(i.e. coarse sand, pea gravel, etc.)

PVC Standpipe,
height can be
modified

Impermeable

liner &
bR S T ! ——

r‘~" AN
'?;? ﬁ‘» Outlet

* Non-storm event EBCT is controlled by pump rate
When wet detention pond discharges to BAM wetland filter, EBCT will decrease. .
* Depending on the size of the BAM filter, the additional flow may have minimal impact on EBCT M al nte nance
Water level sensor turns lake recirculation pump on if water level is at, or below, Operating water level. .
* If wet detention pond discharge is entering the wetland BAM filter, the water level will rise until it reaches the Pump Shutoff water level sensor. D rain Va IVe

The shutoff water level must be lower than the upstream wet detention pond.
* Not to scale.



Lake Concord BAM Downflow Treatment Wetland Layout
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Selecting a BAM to Use

TN is the concern not TP.
* Not concerned with phosphorus sorption capacity.

Impaired lake » assume lots of algae » clogging a fine media might be an issue.
 Choose a very coarse media, like Bold & Gold® ECT3

DESCRIFTION OF MEDIA PROJECTED TREATMENT PERFDRMAMNCE * TYFICAL
OPERATING
TS5 REMOVAL | TN RBMOVAL | TP RBMOVAL® LIMITNG
Media and Typical Location in EMP Treatment Train MATERIAL EFAICIENCY EFRICIENCY EFRICIENCY p
B&GECT ™"
Folira 5 3 Bl . I'G Tire Chips' 0% 25% 25%
stand sone ist 800 Q) Expanded Clay’ 70% 45% 45%, 95 in/hr
IFGEM ™" Iran®
dow n Tow of upliow Titers ® O Tire Crumb®
pervious pave, fres well rain garden, sw aie, VS, side fikar |:|a1_|.-"' and Sand’ 5% 0% 055 5 infhr
BEGECT3 S Expanded Clay*
Adfter Wit Detention using Up-flow Fiter Tire l:hip' g0% 25% 25% 95 inthr
Stand alone first BMP T0% 45% 25%
saT o ) Sand’
A Trsl BMP, as a Down-Tow Filber (FLTRATION) 25% 30% 453 2 infhr
® -(;u B&G CTS e Clay
Eottomof dry basin 12 depth™ use rate = 1 n‘hr Tirz Crumb”
pervious pave, tres well, rain garden, ew aie, VFS, side fiker | Sand’ & Topsoil” B0% Al 204 & infhr
BEGCTS ™" Clay"
Botiom of dry basin 247 depth™ use rata = 1 infhr Tire Crumb®
Sand’ & Topsail® 25% TE% 95% S inthr

pervious pave, lree well rain garden, sw s, VFS, side Tiker

\\\I)
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TN Modeling: Get ready for Calculus!

The following simplifying assumptions are made:
e The lake is assumed to behave as a CSTR.

e  Accumulation Rate = Mass Inflow — Mass outflow — Removal Rate
e 1storder reaction kinetics are assumed.

e Removal rate = k*C
e Existing condition = steady state with respect to TN.

o The Natural Removal rate constant (kyy) is determined during the steady state existing condition..

e Per BMPTrains Manual ECT3 media after a wet detention pond achieves 25% TN removal.

o Assume lake TN speciation is similar to a wet detention pond and same removal efficiencies apply.

TN Out
+ Qutfall to downstream
TN In surface water
. Precipitation/Atmospheric Deposition La ke + Agquifer Recharge
Stormwater Runoff
Discharge from other lakes
geepagg > TN Natural Removal (1st Order
Internal Recycling Reaction)

¢ Sedimentation
* Denitrification

- TN BAM Filter Removal (1st Order Reaction)




What is Steady State vs Non-Steady State

« Steady State = Concentration in Lake is always the same.

» Non-Steady State = Concentration in Lake varies with time
« Natural Removal Rate and BAM Filter Removal Rate will vary with time
since 18t order reactions are concentration dependent.
« CALCULUS NEEDED

* Once the BMP is activated, the lake will become a non-steady state CSTR
until the new steady state lake TN concentration is reached.

17



Assumption:
N speciation of Wet Detention Pond is similar to a
Lake

Reference: USF. Lake Concoré. Seminole County Water Atlas.

[Online] 2023.
https://seminole.wateratlas.usf.edu/waterbodies/lakes/7528/lake-

concord.

\\\I)

Yes, ratios are in the same ballpark.

Lake Concord Wet Detention Pond in Martin County, FL
Parameter | Median | % of TN Start Date End Date # of Samples Parameter Median % of TN Start Date End Date
Total N Total N o

(me/Las N) 0.720 | 100.0% | 1/25/2017 3/30/2023 141 (mglL_as N) 1.54 100% 1/25/2017 3/30/2023
TKN

(mgf}lf; " 0.004 0.6% 1/25/2017 3/13/2023 27 (mglLas N) 1.42 (92.21 %) 1/25/2017 6/19/2019
NOx ﬁ{o

(mgjf':s v | 0716 f09.4%\ 1/25/2017 | 3/13/2023 | CALCULATED (mg/L as N) 012 7.19% 1/25/2017 3/13/2023

TKN
(me/Las N) 0.650 {903% 1/25/2017 6/19/2019 17




General Mass Balance for CSTR

Accumulation Rate = Mass Inflow — Mass outflow — Removal Rate

Existing Conditions

TN Out
+ Qutfall to downstream
TN In surface water
. Precipitation/Atmospheric Deposition La ke » Aquifer Recharge
. Stormwater Runoff
. Discharge from other lakes
. Seepagg y_’ TN Natural Removal (15t Order Reaction)
« Internal Recycling + Sedimentation

* Denitrification

Proposed Conditions

TN Out

+ Qutfall to downstream
TN In > surface water
. Precipitation/Atmospheric Deposition La ke » Aquifer Recharge
. Stormwater Runoff
. Discharge from other lakes
. Seepagg » TN Natural Removal (1t Order
« Internal Recycling Reaction)

* Sedimentation
¢ Denitrification

L TN BAM Filter Removal (1t Order Reaction)




Existing Steady State Conditions:

Determine known Mass Inflow, Outflow, & Removal

Volumetric Flow Rates and TN Mass Flow Rates into Lake Concord

Volumetric Flow Rates and TN Mass Flow Rates Leaving Lake Concord

TN Mass Flow | TN Mass Flow Volumetric TN Mass .
e . L. TN Mass Flow Rate Volumetric Flow Rate
Description Rate Rate Flow Rate Description Flow Rate (Iblyear as N) (acre*ft | year)
(kglyear as N) | (Ib/lyear as N) | (acre*ft/ year) (kglyear) ’ Y
PreC|p|.tTc1t|on/Atmospher|c 828 182 54 NA Outfall to Secret Lake 194 427.7 230
Deposition Aquifer Recharge 10.4 22.9 12.3
Runoff f i
d Total Outflow 204.4 1,699.5 2423
Runoff from other subbasin 267.5 589.74 197.9
Natural Removal Rate
Quail Pond discharge to Lake (Sedimentation & 770.9 450.6 NA
3.0 6.61 4.7 T
Concord Denitrification)
Seepage 155.0 341.72 NA
Internal Recycling 449.0 989.88 0.0
Total 975.3 2,150.17 213.9




Existing Steady State Conditions:

Solving for the Natural Removal Rate Constant “kyg"

Rate of Change of TN in Lake
= Mass Inflow — Mass Outflow — Natural Removal Rate — BAM Filter Removal Rate

Existing conditions are assumed to be steady state.
Existing Rate of Change of TN in Lake = 0

0=My— MOutflowt - MNRt
0 = Mixy — Mout flowerise — Clogise * knr * Vi
CLexist *kyg * V= My — Moy FloWexist

MIN - MOut floweyist

kng = C
Lexist

Where:

V, = Volume of Lake

Cr, = TN Concentration of Lake at time t

M,y = Total TN Mass Inflow Rate

Moy flow, = Total TN Mass Outflow Rate at time t

MNRt = TN Mass Natural Removal Rate time t

Mﬁltert = TN Mass Removal Rate by BAM downflow treatment wetland
Qout flow = Total Volumetric Flow Rate out of the Lake that contains nutrients.

QOut flow
= (Aquifer Recharge Volumetric Flow Rate) + (Downstream Discharge Volumetric Flow Rate)
kyr = Natural Removal rate constant

\\\I)

Determining the Natural Removal Rate Constant of
Lake Concord

Known
or Variable Value Units Description
Result
. M Fl te of
Known My 2,672.05 gram TN /day as N ass rlowrate o
Total Inflow
Existing Lake TN
concentration
K . 0.000683 TN/LasN ’
nown Lexist gram as pre-BAM filter
conditions
Known vy 207,224,948.71 L Volume of Lake
Total Outflow
Known Qout flow 818,829.18 L / day Volumetric flow
rate
Mass Flow rate of
. Total Outflow at
K M ) 559.26 TN/d N
nown out flowexist gram ay as existing, pre-BAM
filter conditions
BAM TN Removal
K Fil 259
nown FRemeyy % na Efficiency
Natural Removal
Result knr 0.01493 1/day . v

Rate Constant




Determining Optimum Filter Flow Rate at
Proposed Steady State Conditions

Steady State Condition Mass Balance Equation for Lake with both Natural TN Removal and
Recirculating BAM Downflow Treatment Wetland TN Removal

Rate of Change of TN in Lake
= Mass Inflow — Mass Outflow — Natural Removal Rate
— BAM Filter Removal Rate

Existing conditions are assumed to be steady state.
Rate of Change aof TN in Lake =0

Solving for Ct ety seaee 35 8 function of @5
0= MI!N - ‘wour)‘imr, - MINR! - Mlﬂérsrt
0 =M = Ci iy seare * (Qour flow T Kz + Vp + Filgem,.. = @)
J\lffhr

Cr sty state = -
Eateudy state Qourﬁmr thyp ¥y + Fl{ﬁem;_—;-),- *Qr

Where:
Vi = Volume of Lake
C;, = TN Concentration of Lake at time t
My = Total TN Mass Inflow Rate
Mcurﬂow: = Total TN Mass Outflow Rate at time £
M_._-R‘_ = TN Mass Natural Removal Rate time t
le:'!rar, = TN Mass Removal Rate by BAM downflow treatment wetland
Qoue flow = Total Volumetric Flow Rate out of the Lake that contains nutrients.
Qout fiow = (Aquifer Recharge Volumetric Flow Rate)
+ (Downstream Discharge Volumetric Flow Rate)
Qr = Volumetric Flow Rate through BAM dewnflow treatment wetland.
kyr = Natural Removal rate constant
Filgemgy,
= Removal Ef ficiency of the ECT3 BAM at 15 minute EBCT as specified in BMP Trains Manual (3)

\\\I)

Maximum Flow Rate through filter is Based on:
« minimum required filter EBCT
» filter size

Potential Diminishing Return of Removal:
« Decreasing TN concentration in the lake (and

entering filter) as filter flow rate increased.

* Plot Lake concentration as a function of Filter Flow
rate to determine if design flow rate should be less
than maximum allowed by minimum required
EBCT



Determining Optimum Filter Flow Rate at
Proposed Steady State Conditions

Annual Filter TN removal as a function of Filter Flow Rate

 Diminishing Return of TN
removal does not occur prior
to maximum filter flow rate.
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TN removed by BAM Filter each year (lbs / year as N)

0 50 100 150 200 250 300
Filter Flow Rate (cubic ft / minute)



With the Filter turned on, when does the lake reach new steady state
conditions & what is the steady state TN concentration?

Non-5teady State Condition Mass Balance for Lake with both Natural TN Remowval and
Recirculating BAM Downflow Treatment Wetland TN Remowval

Rate af Change of TN in Lake
= Mass Inflow — Mass Outflow — Natural Removal Rate
— BAM Filter Removal Rate

dC; . . . .
at =V = My, — 3"'“"4:!:”fi:r:-wr - ‘-IHNRZ - .?I.-fﬁ[m,_r
dC;, My, O i
ar = v, - V; * (Qour flow + kyg =V + FLIR&mEff * Q)
J"‘%mr ‘ -
dC; = v, v + F""E.Rs'mt-ff #* Q_F-j] dit

C'r_.r Ificz_ . Tdt
f ; C B -[:-

M .
C""-“"-“‘_Via - ?I:' * (Qour flow + kng * Vo + Filgem . * Ur)

€rr
. . —1, 4k - 1. :
— M + {[;Lfm, — G * (Qout flow + kun + Vi + Filaem,  * Q‘P]] . g[VL (@our prow+Ena Vet Filpem g o @ )4T]

i

—1 * (Qout flow + kpg = Vo + Ff!&gmi.rf * Q)

Where:
Ve = Volume of Lake
Ly, = TN Concentration of Lake at time t
;'1-:-:I'mr = Total TN Mass Inflow Rate
ﬂf—’aur;’iawr = Total TN Mass OQutflow Rate at time t
;ﬂ:-i',-gt = TN Mass Natural Removal Rate time t
ﬂ':?fi!rs-rt = TN Mass Remowval Rate by BAM downflow treatment wetland
Qour flow = Total Velumetric Flow Rate out of the Lake that contains contains nutrients.
Fr = Volumetric Flow Rate through BAM downflow treatment wetland.
Qout flow — [Aquifer Recharge Volumetric Flow Rate)
+ (Downstream Discharge Volumetric Flow Rate)
kyg = Natural Removal rate constant
Filgam,,,
= Removal Efficiency of the ECT3 BAM at 15 minute EBCT as specified in BMP Trains Manual (3)
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TN Concentration of Lake Concord,
Transition From Unsteady State To Steady State Conditions At Optimum Qg

0.8
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0
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Year

TN Concentration in
Lake (mg /L as N)

New steady state conditions effectively reached by end
of year 1, at filter flow rate of 293.5 cfm.

TN Removal Each Year by System,
Transition From Unsteady State To Steady State Conditions At Optimum Qg
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Lake Recirculation Filter Address Internal Recycling Load

Volumetric Flow Rates and TN Mass Flow Rates into Lake Concord TN removal by Lake Concord BAM downflow treatment Wet'and,

Transition From Unsteady State To Steady State Conditions At Optimum Qg

\\\I)

Runoff Load

If a system is configured to ALSO treat Stormwater, assuming stormwater is at higher concentration,

then even more removal can occur!

TN Mass Volumetric
o TN Mass Flow Rate Flow Rate Mass of TN removed each year by
Description (k:;;:va :?::eN) T e (acre*ft / During Year BAM downflow treatment wetland
N) year) 1 (lbs Ig)éia;:s N)
Precipitation/Atmospheric :
Deposition 828 182.54 NA 2 931.8441
Runoff from subbasin 18.0 39 68 113 3 through 20 931.8438
containing Concord
Sigi ifrr]om other 067 5 58974 1979 « Largest Single Load is Internal Recycling
 Annual Filter Removal = 94% of Internal Recycling

Quail Pond discharge to
Lake Concord 3.0 6.61 4.7 Loa d
Seepage 155.0 341.72 NA « Total Stormwater Runoff Input = 629.4 Ib TN / year
Internal Recycling 449.0 989.88 0.0 .
v e 215017 ~is Annually Removes more TN than Stormwater
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Cost Performance

Present Worth Cost, Amount
with 20% Contingency
Construction $475,822
Engineering $157,896
Operating (20 years) $571,925
TOTAL (20 year lifespan) $1,205,643
20-year Lifespan /\
TN d
Total Cost remove b
(Ib as N) Ib TN removed as N
$1,205,643 18,700 $64.5 /

N

Comparison to 2 Stormwater ONLY
BAM BMPs

« $132/Ib TN removal

« $187/Ib TN removal

26



Wrap It up!
Requirements & Accomplishments:

« BMAP requires TN load reduction of 2,956 Ib/year as N by 2030.
« Accomplished 31.5% of this with a SINGLE PROJECT.

« City wants improvement to lakes within the city as to benefit their residents.
« Lake Concord initial TN = 0.720 mg/L as N
« Modeled new TN = 0.387 mg/L as N
* 54% Decreasel!llllll

« TN Removal Cost of $64.5/Ib
« Significantly cheaper than a stormwater only BAM filter

27



Bring on the Questions!

o
M; “

Myra loves stormwater BMPs too!
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Additional Reference
Slides
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FDOT Item # (as of

Unit Price (includes

Total

% of Construction Sub-

Usage Description 2023/10/23) Quote Quantity Unit |nsta!| unless Estimated Costs
otherwise stated)
Type P8 Manhole, P-8, <10 0425 261 0 2 Each $18,188 $18,188
Mittered end section, 12" 0430982121 0 2 Each $2,796 $2,796
Mittered end section, 24" 0430982129 0 1 Each $3,409 $3,409
Floating skimmer from lake to filter NA 0 1 Each $2,095 $2,095
nstall of skimmer from lake to filter NA 0 1 Each $2,095 $2,095
Recirculation Pump, 3175 gpm NA unit cost $30,000 1 Each $60,000 $60,000
Pump slide rail coupling system for manhole installation NA unit cost $1,231 1 Each $2,462 $2,462
Pump Control box, water level sensors, and Alarms NA unit cost $5,000 1 Each $10,000 $10,000
nstall Electrical Power Service 0639 1111 0 1 Each $2,594 $2,594
PPIPE CULVERT,OPTIONAL MATERIAL,ROUND, 24"S/CD 0430174124 0 378 ft $76,133 $76,133
Flow regulation valve (vortex valve) NA 0 1 Each NA NA
Downflow BAM filter system from VENDOR NA 45265 1 Each $116,515 $116,515
nstallation of VENDOR BAM filter system (50% of system cost) NA 12/5/2023. Use 0.5 * (Total System cost) 1 Each $58,258 $58,258
lgrass/ground cover over BAM filter 0570 1 2 0 245 sqyd $1,076 $1,076
CONSTRUCTION SUB+
T0T7AL $355,622

% of Construction Sub- 10% $35,562
Mobilization and Demobilization 1 Total
IConstruction Surveys % of Construction Sub- 1.5% $5,334

Survey and Testing NA Total 10% $35,562
. % of Construction Sub-
Design NA Total 20% $71,124
Permitting NA % of Construction Sub- $7.112
Total 2.0% '
NA % of Construction Sub- $17,781

Construction Insiection & Oversiiht Total 5%

Present Worth of Electricty over 20 years, assuming 2.2% Discount Rate NA Present Worth Lump Sum $395,388.47
Present Worth of Wetland Maintenance over 20 years, assuming 2.2%

Discount Rate NA Present Worth Lump Sum $15,743.70
Present Worth of Pump Maintenance over 20 years, assuming 2.2%

Discount Rate NA Present Worth Lump Sum $10,000.00
Present Worth of Water Quality Pump (item & labor) replacement over 20

years, assuming 2.2% Discount Rate. Life span of pump assumed to be NA $48,266.11

every 10 years. Present Worth Lump Sum

Present Worth of Engineering Recertification of BMP over 20 years, NA $7.206.16

assuming 2.2% Discount Rate.

Present Worth Lump Sum

Contingency Adjusted CONSTRUCTION TOTAL NA 20% $475,822.05
Contingency Adjusted ENGINEERING TOTAL NA 20% $157,896.11
Contingency Adjusted
CAPITAL COST TOTAL SEET IS
Contingency Adjusted PRESENT WORTH OPERATIONAL COSTS TOTAL NA 20% $571,925.34




Operational costs

Annual Operating cost, without contingency

Cost Item Amount

Electricity $24,650
Wetland maintenance $7,154
TOTAL $31,804

Present Worth of Life Span Operating Cost, with contingency

Assumptions

Discount Rate (for PW

analysis)

2.2%

Accounts for interest
and inflation

Life Span

20

Lifetime Present

Lifetime Present Worth
of Replacement Water

Lifetime Present Worth of

Lifetime Present

Lifetime Present
Worth of Engineering

Total Lifetime

BBl @ ESEHTIER Quality Pump: Item Wetland Maintenance Wor'Fh of Pump Recertification of OPEEHETE]
Cost Maintenance Costs
Cost BMP
$395,388.47 $48,266.11 $15,743.70 $10,000.00, $7,206.16) $476,604.45




\\\I)

Backwashing option

— Backwash with either fire hydrant or collected filtered water.

— Backwash to sanitary sewer preferred.

Backwash

Clean water

Image Credit:
https://www.cocoafl.gov/DocumentCenter/View/15448/Water-Filtration-Grades-8-12
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Another Configuration Option:
Horizontal Subsurface flow

Inlet Pipe and Wetland Plants (Macrophytes)
Gravel for

Wastewater
Distribution—

Image credit:

Federal Remediation Technologies Roundtable, 2019
Constructed Wetlands
https://www.frtr.gov/matrix-2019/Constructed-Wetlands/

Effluent Outlet
(Height Variable)

Wet Well
and Cover
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