Appendix E: Cove and Canal Modeling, Setup andiRes

E.O APPENDIX E: COVE AND CANAL MODELING, SETUP AND
RESULTS

E.1 Methodology

Time-series mass balance models were developetiOfoepresentative subdivisions to address
statkeholder concerns:
Rolling Hills Shores
Arrowhead Shores
Oak Trail Shores
Ports O’ Call
Indian Harbor
Nassau Bay
Sky Harbor
Port Ridglea East
Blue Water Shores
Waters Edge

Model results for each subdivision are presentetthi;mappendix. A description of the scenarios
and interpretive methods is provided in the WP Ruduent.
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E.2 Lake modeling Results

E.2.1 Rolling Hills Shores

The covel/canals connected to Rolling Hills Shoresensubdivided into five segments (Figure
E.1) for bacteria modeling. The contributing mievatersheds (Figure E.2) are generally
composed of shorelines adjacent to each segmecg¢pesegment 5 which includes a larger
watershed contribution from undeveloped land.

Py
Figure E.1Canal Segmentation for Rolling Hills Shoes
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AN Y LY e g e i
Figure E.2. Microwatershed Delineation for RollingHills Shores canals
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Figure E.3 Runoff model: Graphical Comparison of Olserved vs. Modeled Bacteria Concentrations at
Stations 18004 and 17931 located within the Rollingills Shores Canals
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Figure E.4 Residual Plot for Station 17931 locatedithin the Rolling Hills Shores Canals
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Figure E.5 Residual Plot for Station 18004 locatedithin the Rolling Hills Shores Canals
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Figure E.6 Modeled Continuous Direct Discharge (seje) for Rolling Hills Shores
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E.2.2 Arrowhead Shores

Model segmentation was conducted according to ftbwections and canal geometry. The
Arrowhead Shores canal system is divided into Begments as shown in Figure E.7. Mass
balance using Equation E-1 is calculated for eagm®nt in the spreadsheet model. The flow
directions are: 12, 2-5, 3—4, 45, 5-lake. The microwatershed for this canal system is
isolated to a small region immediately adjacerthtocanal (Figure E.8).

Figure E.7 Canal Segmetatlon for Modeling Arrowhed Shores
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F|gure E.8 Microwatershed Delineation for ArrowheadShores
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Figure E.9 Runoff model: Graphical Comparison of Olserved vs. Modeled Bacteria Concentrations at
Stations 18006 and 18007 located within the Arrowlael Shores Canals
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Figure E.10 Residual Plot for Station 18006 locatedithin the Arrowhead Shores Canals
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Figure E.11 Residual Plot for Station 18007 locatedithin the Arrowhead Shores Canals
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Figure E.12 Modeled Continuous Direct Discharge (g#ic) in Arrowhead Shores
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E.2.3 Oak Trail Shores

Model segmentation was conducted according to flawctions and canal geometry. The Oak
Trail Shores canal system is divided into five segta as shown in Figure E.13. Mass balance
using Equation E-1 is calculated for each segmettie spreadsheet model. The flow directions
are: 1»2, 25, 3—-4, 45, 5-lake. Approximate dimensions and volumes of eagmsat
are tabulated in Table E-1 for Oak Trail Shores.

Table E-1. Dimensions and Volumes for each segmentOak Trail Shores

Segment 1 2 3 4 5
Length (m) 169.3 161.6 173.7 183.7 107.3
width (m) 8.9 9.5 9.8 9.8 9.2
Depth (ft) 3.4 34 3.7 3.7 45
Depth (m) 1.04 1.04 1.13 1.13 1.37
Volume (m®) 1561 1591 1920 2030 1354
Volume (L) 1561496 1590958 1919741 2030261 1353989
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Figure E.13 Canal Segmentation for Modeling Oak Trd Shores

There are three micro-watersheds around the OakShares canal system (Figure E.14), which
are numbered as Watershed 1 (red polygon), 2 (yefiolygon) and 3 (green polygon). The
respective areas for Watersheds 1, 2, and 3 aradré8, 76 acres and 58 acres.
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% s : IR |
Figure E.14 Microwatershed Delineation for Oak Tral Shores

Residual plots of non-point source loads from Oa#ilTShores are shown in Figure E.19 and
Figure E.20. The time difference between monitobagteria concentration at station 18009 and
the model predicted bacteria level in segmentillustrated in Figure E.15. The time difference

between monitoring bacteria concentration at stafi8010 and the model predicted bacteria
level in segment 4 is also plotted in Figure E.15.

The plots are indicators of correspondence betwaedel outputs and observed bacteria
concentration. High bacteria concentration in trek Qrail Shores area correspond to predicted
rainfall-induced non-point source loadings (suchaasa-wide septic system malfunction and
pets), while lower background bacterial levels wieoen other sources (potentially from septic

failures or pets adjacent to the canal).
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Figure E.15 Runoff Model: Graphical Comparison of (bserved vs. Modeled Bacteria Concentrations at
Stations 18009 and 18010 located within the Oak TilesShores Canals
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Figure E.16 Modeled Lake Boundary Condition for OakTrail Shores Canals

The Oak Trail Shores canal was modeled with 1 essid discharging continuously to segment 1
(Figure E.17), the steady state concentration gme&at 1 after 10-15 days is predicted at about
482,700 MPN/100mL. If the malfunction percentagel®%6, the steady state concentration in
segment 1 is achieved in 10-15 days as 48,270 MRINAL.
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Figure E.17 Modeled Continuous Direct Discharge (gic) in Oak Trail Shores Canals

Another scenario was modeled to evaluate an inteamipoint source. This scenario represents
a short-duration septic system discharge into thne ovater, as exhibited by a 33.3 gallon
discharge of raw sewage into the canal. This lsacbnsistent with 4 hours (or 1/6 of a day’s
effluent) for one residential household. A maximuwuancentration of approximately 500
MPN/100mL is predicted by the Oak Trail Shores niodé&h concentration staying above the
stakeholder goal of 53 MPN/100ml for 3.5 days failog the one-time discharge (Figure E.18).

Model results at this location indicate that a lomancentration far in excess of the state water
quality standards (geometric mean of 126 MPN/100o@r) be achieved with only one residence
continuously discharging all sewage directly to ta@al. In addition, short duration discharges
from a single residence can result in locally-Higleteria concentrations.

Considering bacteria monitoring does not indicagg ltoncentrations as high as those predicted
by this scenario, a continuous and complete segystem malfunction is not likely a typical
failure mode in this area. Rather, order-of-magtetaomparisons of data and model predictions
indicate that a more typical failure mode is onattis intermittent (occurs only under certain
high-stress conditions, e.g., during a large farg#yhering), a failure mode that is incomplete
(only a small proportion of sewage is emitted) and combination of intermittent/incomplete
failures by one or more systems.
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Figure E.18 Modeled Intermittent Direct Discharge 6eptic overload) in Oak Trail Shores Canals
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Figure E.19 Residual Plot for Station 18009 locatedithin the Oak Trail Shores Canals
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Figure E.20 Residual Plot for Station 18010 locatedithin the Oak Trail Shores Canals

E.2.4 Sky Harbor

The Sky Harbor canal system was broken into 11 se¢gnfor the mass balance model. The
flow direction is 224, 22>4. 3234, 426, 526, 6211, 11, 8311, 911, 10>11, 11>lake.
Mass balance using Equation E-1 is calculated #mhesegment in the spreadsheet model.
Approximate dimensions and volumes of each segarenprovided in Table E-2.

Table E-2. Dimensions and Volumes for each segmentSky Harbor

Segment 1 2 3 4 5 6
Length (m) 223.0 96.3 245.0 292.0 130.0 389.0
Width (m) 6.1 12.6 135 19.6 42.0 39.0
Depth (ft) 4.5 7.3 6.7 8.3 9.0 9.0
Depth (m) 1.37 2.23 2.04 2.53 2.74 2.74
Volume (m3) | 1,865.79 2,699.82 6,754.44 14,478.78  14,977.87  41,617.09
Volume (L) 1,865,787 2,699,819 6,754,444 14,478,780 14,977,872 41,617,087
Segment 7 8 9 10 11

Length (m) 187.0 251.5 232.0 305.4 320.0

Width (m) 17.6 20.1 715 16.9 62.0

Depth (ft) 5.3 7.0 9.8 10.9 11.0

Depth (m) 1.62 2.13 2.99 3.32 3.35

Volume (m3) | 5,316.74 10,785.67  49,549.02  17,147.36  66,519.55

Volume (L) 5,316,736 10,785,668 49,549,020 17,147,357 66,519,552
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Figure E.21 Canal Segmentation for Modeling Sky Havor

There are several small micro-watersheds near sagahents 5, 7, 8, and 9 and larger micro-
watersheds for the other canals.

High bacteria concentration correspond to predicéaafall-induced non-point source loadings.
This is expected since these canals are influehgearger watersheds
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Figure E.23 Graphical Comparison of Observed vs. Madeled Bacteria Concentrations at Stations 18013,
18014, 18015, and 18016 located within the Sky HarbCanals
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Figure E.25 Modeled Continuous Direct Discharge (g#ic) in the Sky Harbor Canals
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Figure E.27 Residual Plot for Station 18013 locatewithin the Sky Harbor Canals
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Figure E.28 Residual Plot for Station 18014 locatewithin the Sky Harbor Canals
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Figure E.29 Residual Plot for Station 18015 locatedithin the Sky Harbor Canals
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Figure E.30 Residual Plot for Station 18016 locatewithin the Sky Harbor Canals

E.2.5 Nassau Bay Il

Model segmentation was conducted according to ftbwections and canal geometry. The
Nassau Bay Il canal that was modeled is divided thtee segments as shown in Figure E.31.
Mass balance using Equation E-1 is calculated d&@hesegment in the spreadsheet model. The
flow directions are: -2, 2—3, 3—lake. The contributing microwatershed (Figure E.i82)ery
localized to the neighboring residences
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Figure E.31 Canal Segmentation for Modeling NassaBay |
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Figure E.33 Runoff models: Graphical Comparison ofObserved vs. Modeled Bacteria Concentrations at
Station 18026 located within the Nassau Bay Il Cans
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Figure E.36 Modeled Continuous Direct Discharge (gic) for Nassau Bay Il canals
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E.2.6 Waters Edge

The Water's Edge subdivision has two separate csystéms, Part | and Part Il (Figure E.37).
Part | was segmented into eight sections for thesni@lance model. The direction of flow for
Part | is from segment22, 223, 324. 428, 627, 527, 728, 8>lake. Part Il has two
segments connected to the lake and the movemematef is from lake>segment £2, 23,

1->3, 3>lake.

-

igure E.37 Canal mentation for Modeling Water'€dge

The microwatersheds for Part 1l of Waters Edgeeis/vsolated to the residential lots adjacent to
the canals (Figure E.38).
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Figure E.38 Mlcrowatershed Delineation for Waters Elge

The model predicted no significant concerns foravguality impairment due to bacteria from
runoff sources. Further, the only potential sowftbacteria would be a localized nonpoint
source such as pets.
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E.2.7 Ports O’ Call

The Ports O’ Call subdivision has several canale Tanal monitored by station 18021 was
divided into three segments for modeling the maasnte (Figure E.43). Again, this canal
system has a very isolated microwatershed congisfithe residential lots immediately adjacent
to the canal (Figure E.44).

E-40



Appendix E: Cove and Canal Modeling, Setup andilRes

PR EE
B
i

E-41



Appendix E: Cove and Canal Modeling, Setup andiRes

Concentration - Ports O' Call - 2002-2004

10,000
—2_s2b
= 18021
1,000 A
| ]
=
£
o
=
2
s
< 100 - -
2
©
£ "
8
10 + ]
1 T T T
N N [s2] [32] (a2
o o o o o
o o o o o
N N N N N
™ = > > =
o N\ o re) )
M~ o — 0
—
Concentration - Ports O' Call - 2002-2004
10,000
—2_s2b
= 18021
1,000 A
o
£
o
=t
g .
€ 100 |
c
S
8
2
o
(6]
| ]
10
n
[
| ] | ]
™ ™ < < <
o o o o o
o o o o o
N N N N N
= Ire) 3 I S
o o & o N\
o] : © [«))

Figure E.45 Runoff model: Graphical Comparison of served vs. Modeled Bacteria Concentrations at
Station 18021 located within the Ports O’ Call Cank
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Figure E.46 Residual Plot for Station 18021 locatedithin the modeled Ports O’ Call canal
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E.2.8 Indian Harbor

Figure E.47 Cove Segmentation for Modeling Indian ldrbor

E-44



Appendix E: Cove and Canal Modeling, Setup andilRes

o
wwn s mwn d BT DA RRE
Big) s anms

L S
- .‘-'\'\. L . . T I-I.- e -
Figure E.48 Microwatershed Delineation for Ports OCall and Indian Harbor

E-45



Appendix E: Cove and Canal Modeling, Setup andiRes

Concentration - Indian Harbor lagoon - 2002-2007

10,000
—2_s2b
m 18024
1,000
)
£
o
o
g
=z
s
< 100 A
c
S [ ]
§ l
5 L
o
5
(] [ q
10 ] i
. [
.
[ ] [
[
1 —H T .!= u 1 - HH- - T —+
N N [se} [se} [se} [se} < < <
o o o o o o o o o
o o o o o o o o o
N N N N N N N N N
Il 3 > S = Irel 5 S S
o N q B o q B ] 1N
~ o I 0 — o o
- -
Date
Concentration - Indian Harbor lagoon - 2002-2007
10,000
—2_s2b
m 18024
1,000
o
£
o
o
g
z [
s
S 100 | 1
c
S
8 n
= [
g =
5 n [ I
© k
10 + .
[
[
» ]
1 - o H—HH = T #
© © ~ ~ ~ ~ [e'e] [e'e]
o o o o o o o o
o o o o o o o o
Y 9 g g [ 9 Y 9
N o o) o) © < N .
= o o N @ < o S
o - < — N
- -

Date

Figure E.49 Runoff model: Graphical Comparison of served vs. Modeled Bacteria Concentrations at
Station 18024 located within the Indian Harbor Covearea
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Figure E.53 Intermittent Direct Discharge (septic @erload) in the Indian Harbor cove area
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E.2.9 Port Ridglea

' Figure E.54 Canal Segmentation for Modeling Port Rigelea

E-49



Appendix E: Cove and Canal Modeling, Setup andilRes

"

ABRE I lALd i LA TRAd BAdd Al RE e Rl i
B e e Wl A A
o

.‘_F,.."_ = e T T Nty
.
Bn aaul maw ELT R T YR ]

Figure E.55 Microwatershed Delineation for Port Ridjlea
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Figure E.56 Runoff model: Graphical Comparison of served vs. Modeled Bacteria Concentrations at
Stations 18036, 18039, and 18040 located within tRert Ridglea Canals
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Figure E.57 Residual Plot for Station 18038 locatedithin the Port Ridglea Canals
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Figure E.58 Residual Plot for Station 18039 locatedithin the Port Ridglea Canals
Concentration
10,000
1,000
100 T
P p\_,.l¥_ r
'—._..l\* r
L
—1 silb 2_s2b
——3_s3b 4_s4b
10 —5 s5b —6_s6b
—7_s7b ——8_s8b
——9 s9 10_s10b
11_s11b Observation Data 18031
@ Observation Data 18032 A Observation Data 18033
Observation Data 18034 ® Observation Data 18035
! ~ Observation Data 18036 ¢ Observation Data 18037
g g
3 g
= @

Time (days)

Figure E.59 Modeled Continuous Direct Discharge (g¢ic) in Port Ridglea Canals
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Figure E.60 Residual Plot for Station 18040 locatedithin the Port Ridglea Canals
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igure E.61 Canal Segmentation for Modeling Blue Wr Shores
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Figure E.62 Microwatershed Dellneat|on for Blue Waer Shores
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Figure E.63 Runof model: Graphical Comparison of Oerved vs. Modeled Bacteria Concentrations at

Station 18043 located within the Blue Water Shore€anal
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Figure E.64 Modeled Lake Boundary Condition for Blle Water Shores
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Figure E.65 Modeled Continuous Direct Discharge (g#ic) in the Blue Water Shores Canal
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Figure E.66 Residual Plot for Station 18043 locatedithin the Blue Water Shores Canal
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