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pollutants that have a high fraction in the dissolved phase (Murphy, O'Sullivan et al. 2014),
which suggests that pollutants in this study were mostly in the particulate phase.
Previous dry days

Most heavy metals (Cr, Cu, Ni and Zn), TP and TSS were found to be positively
correlated with previous dry days (Table 5 and Figures 8-9). These data support the existence of
“build-up/washoff”, whereby pollutants accumulate on surfaces during long periods of dryness
and are then washed off by a rain event (Novotny 1995). On the other hand, Cd, Pb, ammonia
and E. coli were not found to be correlated with previous dry days.

Literature on pollutant build-up/washoff relationships with different rainfall
characteristics is variable (Murphy, O'Sullivan et al. 2014). This may be a result of the difference
in examining contaminant washoff under simulated rainfall conditions versus natural rainfall
conditions, where several confounding variables of natural rainfall conditions (such as rain
intensity) can have an influence. In addition, site characteristics can influence results. For
example, Murphy et al. (Murphy, O'Sullivan et al. 2014) found that Pb had a significant
correlation with previous dry days. However, the study was conducted on stormwater runoff
from impermeable concrete boards in an airport in New Zealand, where atmospheric deposition
from airport activity (the returning of pollutants from road traffic back to the earth’s surface after
being carried away by wind and spray action) is an indirect source of heavy metals in runoff that
could be impacting on the results.

E. coli was not correlated to previous dry days. Similar observations were seen in an
extensive study of microorganisms in urban stormwater (Olivieri, Kruse et al. 1977). Since the
phase of the pollutant (dissolved versus particulate) can impact on pollutant washoff (Murphy,

O'Sullivan et al. 2014), these data suggest that E. coli are not predominantly in a particulate
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Figure 15. St Anthony Park watershed stormwater drainage system in PCSWMM. Blue circles
represent junctions (manholes), yellow triangles represent outfalls while red lines represent
conduits. The discretized subcatchments (blue background) are in GIS shapefile format imported
into PCSWMM model.

For the purpose of building a PCSWMM model to simulate runoff generation in St.
Anthony Park watershed, data regarding the hydrologic characteristics of the watershed and
hydraulic properties of the drainage system was needed. CRWD provided the hydrologic data for
the watershed. Discretized subcatchments in GIS shapefile format were provided by CRWD as
shown in Figure 15.

The shapefiles of discretized subcatchments provide data regarding curve numbers (CN),
areas, widths, slopes, percentage imperviousness , depth of storage in impervious and pervious

areas, and Manning’s N (friction factor) for impervious and pervious areas. Topographic maps

were also employed to ascertain the delineation of subcatchments by checking that the
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subcatchment boundaries follow ridge lines (Appendix A5). Detailed subcatchment parameters
used in the model are provided in the Appendix (A6-A7).

Data on drainage structures was acquired from St. Paul Public Works Portal
(http://pwportal.ci.stpaul.mn.us/). Plans and profiles of the drainage system were acquired from
the public works site. An example of a plan and a profile are shown in Figure 16.

The plans and profiles provide information on ground level and invert level at each
manhole (node), and types, sizes, slopes of pipes. Detailed drainage system parameters used in
the model are provided in the Appendix (A8).

GIS shapefiles of subwatersheds were added to PCSWMM model as a first step for
constructing the model. After that, manholes (generic names are nodes) and pipes (generic names
are conduits) of the drainage system were located and added to the model based on plans and
profiles from St. Paul Public works portal. Finally, subwatersheds were linked to specific nodes
on the drainage system to outflow their runoff into them.

The main element of the drainage system in the area is a deep tunnel that receives water
from shallower pipes through deep shafts (deep manholes) and conveys stormwater to an outfall
on the Mississippi River (Figure 17). The deep manholes have different depths ranging from
150.5 ft at the upstream node of the deep tunnel to 26.4 ft at the downstream edge near the
outfall. The deep tunnel as well as the deep shafts are not designed for stormwater storage but act
as gravity conduits that transport collected stormwater directly to the outfall. The profile of the
deep tunnel tunnel plotted from PCSWMM is shown in Figure 18 with nodes from L15

(upstream) to the outfall (OFmain).
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Precipitation data for the area of St. Anthony Park were acquired from Minnesota
Climatology Research Group at the University of Minnesota and compared and adjusted with

precipitation data collected by CRWD.

g

AVENUE
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Figure 16. An example of available profiles (above) and plans (below) of drainage systems in St.
Anthony Pak watershed (http://pwportal.ci.stpaul.mn.us/). The profile show the size of the tunnel
(13 feet) and the invert level and ground levels of manholes and outfall (scale on the right side),
which are translated as junctions in the PCSWMM model. The plan depicts the geographic
location of a tunnel with respect to roads.


http://pwportal.ci.stpaul.mn.us/
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Figure 17. The deep drainage tunnels of St. Anthony Park watershed and the outfall of the main
deep tunnel (OFmain) on the Mississippi River. The network is the same as in Figure 18, where
blue circles represent junctions (deep manholes), yellow triangles represent outfalls while red
lines represent conduits. The deep manholes have different depths ranging from 150.5 ft at the
upstream node of the deep tunnel to 26.4 ft at the downstream edge near the outfall.
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Figure 18. The main deep drainage tunnel profile of St. Anthony Park watershed as drawn by
PCSWMM, with manhole numbers (Nodes; bottom) and conduits between manholes (Links,
above). The elevation scale (feet above sea level) is on the right side.
Calibration of the PCSWMM model

For this model to be of practical use, calibration was performed so that the model closely
matches the behavior of the real system (Gupta, Sorooshian et al. 1998). The calibration was
performed over the runoff quantities (hydrographs) at the outfall of the drainage system between
real flow data and simulation flow data. One storm was chosen for calibration (Figure 19). The
calibration storm occurred on April 26, 2011, and had a total depth of 1.59 inch and a duration of

12.5 hr. This storm represented a typical storm event for the area and fell into the fourth quartile

for depth for all storms recorded during 2005-2013.
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Figure 19. Precipitation hyetographs for the calibration storm recorded every 15 minutes. Data
was obtained from the University of Minnesota (UMN). This storm occurred on April 26 2011
and fell into the fourth quartile for depth for all storms recorded during 2005-2013. It had a total
precipitation depth of 1.59 inch and a duration of 12.5 hr.

The Sensitivity-based Radio Tuning Calibration (SRTC) tool in PCSWMM was used for
calibration of the model. This method aids in calibrating the model by using a known uncertainty
percentage defined by the user. The SRTC tool consists of sliders for parameters that need to be
changed by a certain percentage and immediately monitor their effect on the simulation
hydrographs and their conformity with the real hydrograph. The following model parameters
were adjusted in a trial and error calibration process until differences between simulated and
observed stream flows were minimal (as deduced from visually comparing plots of simulated
and observed flow timeseries): roughness of pipes, curve numbers, Manning’s N for pervious
and impervious surfaces, percentage imperviousness of subcatchments, and widths and slopes of

subcatchments. The calibration values of these parameters are summarized in Table 10.
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Parameters Values Reference
after Calibration Calibration Interval
Average Width 221.08 ft -
Average Slope 0.21% -
Impermeable . -
Siirface Area 0.024 inch 0.012-0.098 (inch)
Storage | pormeable Area 0.172 inch 0.098-0.2 (inch)
Manning's Permeable Area 0.03 i
Relgliess Impermeable
Coefficient P 0.011 -
Area
Pipes 0.075 -
Drying Days 4.3 days 2-14 (days)

Table 10. Values obtained after calibration for model parameters adjusted during calibration.

Reference calibration intervals (where applicable) are from (Dongquan, Jining et al. 2009).

Evaluation of the model’s performance was carried out at two levels. The first level was

the graphical technique, whereby the simulated hydrographs at the outfall of the watershed were

plotted and compared to real observed data from the storm chosen for calibration (Figure 20).

Graphical techniques are essential for appropriate model evaluation (Legates and

McCabe 1999). As seen in Figure 20, the model was able to closely reproduce the hydrograph of

the calibration period, which reflects adequate calibration (Moriasi, Arnold et al. 2007). The

largest difference between the simulated flow and observed flow is that the model was unable to

fully reproduce a drop in the flow occurring between 6 and 9 a.m.
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Figure 20. Hydrographs for the PCSWMM simulated flow (red) at the outfall of the
subwatershed (OFmain) as compared to the observed flow (blue) for storm 1 (April 26, 2011).

After visually matching simulated flows to observed flows, the second level for
evaluating model performance was quantitative statistics. A goal was set for attaining a
performance level of at least “very good” in order for the model to successfully pass the
calibration process. There are several quantitative statistical tests that are performed by
PCSWMM for calibration as well as validation (Moriasi, Arnold et al. 2007). Out of these, three
statistical tests were chosen: the coefficient of determination (R?), the Nash-Sutcliffe efficiency
coefficient (NSE), and the integrated square error (ISE). The three tests and their reference

ranges are provided in Table 11.



Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
o4 | 268048 | 217874 | 12226 0 0 CIRCULAR | 125 0 1 | 001963
Cod | 217874 | 214804 | 6216 0 03 CIRCULAR | 125 0 1| 002349
55 | 224682 | 225006 | 52.63 0 0 CIRCULAR 2 0 1 | 003041
5 | 214804 | 214818 | 188 0 0 CIRCULAR 2 0 1 | 00159
55 | 214818 | 217920 | 250.02 0 0 CIRCULAR 2 0 1 | 001058
35 | 215052 | 215046 | 7087 0 073 | CIRCULAR | 15 0 1| 001623
€0 | 217920 | 215026 | 107.75 0 0 CIRCULAR 2 0 1 | 000984
€5 | 215026 | 215060 | 2862 0 15 CIRCULAR 2 0 1 | 00103
€25 | 215046 | 215058 | 307.03 0 119 | CIRCULAR | 15 0 1 | 003889
5 | 217804 | 217912 | 34665 0 044 | CIRCULAR 2 0 1 | oo1878
€5 | 217912 | 217864 | 11811 0 1 CIRCULAR 2 0 1 | 000508
2 | 217864 | 215040 | 32945 0 0 CIRCULAR | 35 0 1 0.0031
Co5 | 215058 | 215020 | 6683 0 0 CIRCULAR | 15 0 1| 017281
C56 | 225006 | 225010 | 113.77 0 0 CIRCULAR | 25 0 1 | 001009
0 | 215040 | 215066 | 189.63 0 0 CIRCULAR | 35 0 1 0.0029
C56 | 215066 | 215086 | 136.97 0 0 CIRCULAR | 35 0 1| 000307
30 | 215086 | 215060 | 3535 0 0 CIRCULAR | 35 0 1| 021589
€30 | 215010 | 215068 | 118.73 0 0 CIRCULAR 1 0 1 | 0.05085
0 | 215068 | 270202 | 163.19 0 0 CIRCULAR 1 0 1 | 004656
26 | 270202 | 215066 | 45.34 0 504 | CIRCULAR 1 0 1 0.0331
20 | 215038 | 215070 | 9223 0 0 CIRCULAR 3 0 1 | 005006
6 | 215060 | 215006 | 47.2 0 0 CIRCULAR 3 0 1 | 002548
0 | 215006 | 215050 | 11068 0 0 CIRCULAR 3 0 1 | 001807
Co6 | 215050 | 215038 | 236.19 0 0 CIRCULAR 3 0 1| 009832
cs57 | 225010 | 224690 | 69.09 0 0 CIRCULAR | 25 0 1 | 002461
7 | 217866 | 217870 | 155,63 0 0 CIRCULAR | 15 0 1 | 004593
7 | 217870 | 217922 | 4326 0 06 CIRCULAR | 15 0 1 | 003145
o7 | 27014 | 216260 | 1803 0 075 | CIRCULAR | 175 0 1 | 002801
27 | 268030 | 268064 | 14081 0 0 CIRCULAR | 125 0 1 | 000845
7 | 268064 | 218048 | 35372 0 025 | CIRCULAR | 125 0 1 | 000905
o7 | 218048 | 218046 | 18174 0 0 CIRCULAR | 15 0 1| 003397
7 | 218046 | 218042 | 1444 0 0 CIRCULAR | 15 0 1 | 005006
CST | 218042 | 218044 | 18281 0 0 CIRCULAR | 15 0 1 | 005616
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
27 | 218044 | 268066 | 46.05 0 0 CIRCULAR | 15 0 1 | 001086
o | 216252 | 216256 | 49.05 0 0 CIRCULAR | 125 0 1| 002017
Cs8 | 224690 | 241926 | 170.82 0 0 CIRCULAR | 25 0 1 | 002876
8 | 216256 | 216264 | 28383 0 0 CIRCULAR | 125 0 1 | 004825
58 | 216264 | 268066 | 47.16 0 0 CIRCULAR | 125 0 1 | 006182
38 | 268066 | 217728 | 335 0 0 CIRCULAR 2 0 1 | 002257
8 | 217728 | 216258 | 5398 0 115 | CIRCULAR 2 0 1 | 000926
8 | 216258 | 215506 | 17017 0 0 CIRCULAR | 25 0 1 | oo1328
Co8 | 215506 | 215536 | 11453 0 177 | CIRCULAR | 25 0 1| 001249
o8 | 215536 | 215502 | 7001 0 0 CIRCULAR | 225 0 1| 003473
8 | 215502 | 215554 | 278.07 0 0 CIRCULAR | 225 0 1 | 003649
28 | 215554 | 209652 | 36.05 0 0 CIRCULAR | 225 0 1 0.1633
Co8 | 215020 | 270206 | 268.39 0 0 CIRCULAR 6 0 1 | 000503
C59 | 241926 | 223504 | 348.34 0 0 CIRCULAR | 35 0 1 | 000301
9 | 270206 | 215548 | 2269 0 0 CIRCULAR 6 0 1| 000494
9 | 215548 | 209652 | 223.43 0 0 CIRCULAR 6 0 1 | 000515
9| 200652 | 221200 | 325.92 0 0 CIRCULAR 6 0 1 | 04813
9 | 241200 | 1626204 | 722 0 0 CIRCULAR | 15 0 1 | 000762
9 221200 | L12 | 9236 0 0 CIRCULAR 1 0 1 | 000076
€9 | 241104 | 1626204 | 8989 0 0 CIRCULAR | 15 0 1 0.0089
09| 19229 1 240036 | 303.33 0 0 CIRCULAR 2 0 1 | 000508
9 | 240036 | 241278 | 36455 0 028 | CIRCULAR | 275 0 1 | 000296
9 | 241254 | 240036 | 99.08 0 0 CIRCULAR | 15 0 1 | 002069
C6 | 187572 | 240344 | 209.01 0 0 CIRCULAR | 125 0 1 0.0314
Co0 | 223504 | 241924 | 18322 0 0 CIRCULAR | 35 0 1 | 000311
0| 241250 | 241260 | 327.28 0 0 CIRCULAR | 175 0 1 | 000302
00| 240038 | 241188 | 2245 0 0 CIRCULAR | 15 0 1 | 006248
0| 241260 | 240938 | 10458 0 0 CIRCULAR | 175 0 1| 002458
20 | 2ar17a | 241172 | 32044 0 0 CIRCULAR | 15 0 1 0.0053
0| 241172 | 241166 | 308.88 0 0 CIRCULAR | 15 0 1 | 001068
R0 | 241188 | 241178 | 22889 0 0 CIRCULAR | 15 0 1| 002042
cgo 241178 | 241166 | 34.46 0 0 CIRCULAR 2 0 1 | 005959
C60 | 241078 | 241196 | 269.89 0 05 CIRCULAR 3 0 1 | 000333
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
R0 | 241170 | 241182 | 2375 0 0 CIRCULAR | 175 0 1 | 000223
0 | 241182 | 241180 | 199 0 0 CIRCULAR | 175 0 1| 000201
Co1 | 224684 | 223510 | 22655 0 0 CIRCULAR 1 0 1 | o.06098
L | 241180 | 241176 | 29 0 1173 | CIRCULAR | 175 0 1 0.0031
O | 241166 | 241168 | 3258 0 0 CIRCULAR | 35 0 1| 000239
oL | 241168 | 241176 | 31169 0 6.1 CIRCULAR | 35 0 1 | 000263
oL | 241106 | 241202 | 33221 0 0.4 CIRCULAR | 35 0 1 | 000292
COL | 241202 | 272852 | 28544 0 0 CIRCULAR 4 0 1 | 00033
L | 272852 | 241176 | 2031 0 0 CIRCULAR 4 0 1| 000443
L | 240028 | 241202 | 14388 0 0 CIRCULAR 2 0 1| o0.14048
COL | 241176 | 230962 | 364.43 0 0 CIRCULAR 5 0 1 | 000132
L | 231072 | 231070 | 27165 0 0 CIRCULAR | 125 0 1 0.0099
oL | 231070 | 23174 | a1 0 0 CIRCULAR | 15 0 1 | 000805
Ce2 | 223510 | 223518 | 204.78 0 05 CIRCULAR 1 0 1 | o.06165
2 | 231074 | 231968 | 270 0 0 CIRCULAR | 15 0 1 | 000641
C92 | 231068 | 230068 | 4851 0 0 CIRCULAR | 15 0 1 | oou7s
22 | 230968 | 230970 | 329.99 0 0 CIRCULAR | 175 0 1 | 001509
cgz 230070 | 232222 | 2705 0 0 CIRCULAR | 175 0 1 | 001464
02 | 232222 | 230756 | 5667 0 1 CIRCULAR | 175 0 1 | 001077
€02 | 230756 | 230758 | 250,02 0 0 CIRCULAR | 225 0 1| 001412
02 | 230758 | 230760 | 213.98 0 0 CIRCULAR | 225 0 1 | 001486
sz 230760 | 230762 | 645 0 5 CIRCULAR | 225 0 1 | 004081
2 | 273416 | 230776 | 2852 0 0 CIRCULAR | 225 0 1 | 000281
€02 | 230776 | 230756 | 285.99 0 0 CIRCULAR | 225 0 1 | 000318
Ce3 | 223518 | 204700 | 177.77 0 0 CIRCULAR | 15 0 1 | 001474
O3 | 1972 | 1504733 | 30.44 0 057 | CIRCULAR | 175 0 1 | 001369
CO3 | 15473 | 1545140 | 28807 0 0 CIRCULAR | 225 0 1 | 000885
03 | 5P| 230762 | 264.96 0 0 CIRCULAR | 25 0 1 0.0071
23 | 230762 | 1544674 | 154.23 0 0 CIRCULAR | 25 0 1 | 000914
03 | 10T | 1545004 | 29207 0 0 CIRCULAR 3 0 1 0.0037
€03 | 1519 | 15aae51 | 234.92 0 0 CIRCULAR 3 0 1| 000902
03| 1548 | 1544654 | 184.07 0 0 CIRCULAR 3 0 1 | 000386
C63 | 216076 | 230770 | 35.62 0 744 | CIRCULAR | 175 0 1 | 002246
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
03| 10| 1504600 | 14357 0 282 | CIRCULAR | 25 0 1 | 001003
3 | 1549 | 1540604 | 21255 0 009 | CIRCULAR 3 0 1 | 000588
Ce4 | 224700 | 223514 | 170.15 0 0 CIRCULAR | 15 0 1 | 002157
o4 | 159999 | 1545205 | 257.39 0 0 CIRCULAR | 35 0 1 | 000427
Co4 | 154851 ors | 23546 0 0 CIRCULAR | 35 0 1| 000794
o4 | 1597 | 1545280 | 2458 0 0 CIRCULAR | 35 0 1 | 000228
C:f“ 159928 | 1544654 | 456.18 0 0 CIRCULAR | 35 0 1 | 000476
o4 | 231080 | 231976 | 206 0 0 CIRCULAR | 275 0 1| 002549
o4 | 231076 | 273418 | 317.01 0 0 CIRCULAR 3 0 1 | 000215
4 | 273018 | 230772 | 32449 0 0 CIRCULAR | 35 0 1| 001341
04 | 231078 | 273418 | 19753 0 0 CIRCULAR 2 0 1 | oo2101
4 | 230772 | 220850 | 308.99 0 0 CIRCULAR | 55 0 1 | 000379
o4 | 220850 | 220852 | 356 0 0 CIRCULAR | 55 0 1 | 000354
C65 | 223514 | 225004 | 35.8 0 1 CIRCULAR | 15 0 1 | 00322
8 | 220852 | 220854 | 289.16 0 0 CIRCULAR | 55 0 1 | 000446
C95 | 220854 | 220856 | 266.01 0 0 CIRCULAR | 55 0 1 | 000425
25 | 220856 | 220858 | 468.06 0 0 CIRCULAR | 55 0 1 0.004
25 | 220858 | 220860 | 428.02 0 0 CIRCULAR | 55 0 1 | 000507
85 | 220860 | 220862 | 19188 0 0 CIRCULAR | 55 0 1 | 0.00485
25 | 220862 | 220864 | 647.03 0 0 CIRCULAR | 55 0 1| 002037
05 | 230770 | 230772 | 46832 0 0 CIRCULAR | 55 0 1 | 000248
05 | 243322 | 242148 | 27755 0 0 CIRCULAR 4 0 1 | 000231
8 | 2m270 | 241200 | 23597 0 0 CIRCULAR | 175 0 1 | 001657
C66 | 223506 | 225022 | 2104 0 0 CIRCULAR | 125 0 1 0.0441
L0 | 241200 | 241204 | 20166 0 0 CIRCULAR | 175 0 1 | 002501
00 | 241204 | 241206 | 32676 0 0 CIRCULAR | 175 0 1 | 002501
20 | 241206 | 216346 | 177.39 0 0 CIRCULAR | 175 0 1| 002521
C20 | 216346 | 216276 | 5338 0 0 CIRCULAR | 175 0 1| 004519
c;se 230962 | 230764 | 311.05 0 0 CIRCULAR 5 0 1 0.0018
0 | 230764 | 230766 | 129 0 0 CIRCULAR 5 0 1 | ooo0178
06 | 230766 | 230768 | 202.99 0 0 CIRCULAR 5 0 1 | 000236
00 | 230768 | 230770 | 15568 0 0 CIRCULAR 5 0 1 | 000687
C66 | 517206 | 216110 | 17127 0 0 CIRCULAR 10 0 1 | 000683
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
0 | 217226 | 115 | 59072 0 1244 | CIRCULAR 10 0 1 | 000728
C67 | 225022 | 205004 | 23177 0 075 | CIRCULAR | 125 0 1| 004492
| 217216 | 267766 | 669.23 0 0 CIRCULAR 1 0 1 | 000197
7 | 216108 | 216120 | 11286 0 0 CIRCULAR 5 0 1 | 002366
CO | 273672 | 220536 | 185.29 0 0 CIRCULAR | 35 0 1| 002797
87| 220536 | 232066 | 166.17 0 0 CIRCULAR 8 0 1| 000211
7| 232066 | 230860 | 32821 0 0 CIRCULAR 8 0 1 | 000207
07 | 232306 | 220534 | 5179 0 0 CIRCULAR | 45 0 1 | 002801
7| 220534 | 230864 | 2855 0 0 CIRCULAR 7 0 1 0.0007
O | 230864 | 232506 | 639.74 0 0 CIRCULAR 7 0 1| 000227
7| 232506 | 232508 | 190.38 0 0 CIRCULAR 7 0 1 | 000231
7 | 232508 | 220536 | 8478 0 0 CIRCULAR 7 0 1 | 001156
C68 | 225004 | 223460 | 198.49 0 0 CIRCULAR 2 0 1 | 004155
ng 220538 | 232176 | 314.49 0 0 CIRCULAR 5 0 1 | 000362
8 | 232176 | 220834 | 37442 0 0 CIRCULAR 6 0 1 | 000657
08 | 230860 | 232312 | 4214 0 0 CIRCULAR 8 0 1| 000202
28 | 232312 | 232494 | 46333 0 0 CIRCULAR 8 0 1 | 000395
ng 200654 | 230326 | 340.52 0 0 CIRCULAR | 15 0 1 | 0.00485
Ce9 | 223460 | 241914 | 20867 0 163 | CIRCULAR 2 0 1 | 003827
9| 232004 | 217216 | 657.25 0 0 CIRCULAR 9 0 1| 000204
Cfg 217010 | 217210 | 3843 0 0 CIRCULAR 9 0 1 | 000393
29 | 230326 | 230328 | 2003 0 0 CIRCULAR | 175 0 1 | 000499
29| 267766 | 217208 | 349.28 0 0 CIRCULAR 9 0 1 0.002
09| 217208 | 217010 | 649.25 0 0 CIRCULAR 9 0 1 | 000206
C569 230328 | 215608 | 69.39 0 0 CIRCULAR | 175 0 1 | 001052
09 | 215608 | 215518 | 10161 0 0 CIRCULAR | 175 0 1 | 000512
09 | 217210 | 217220 | 207.99 0 0 CIRCULAR 10 0 1 | 000163
9| 217220 | 217206 | 385.92 0 0 CIRCULAR 10 0 1| 000233
ng 216408 | 216410 | 238.1 0 0 CIRCULAR | 35 0 1 0.0002
C7 | 240344 | 240346 | 226 0 0 CIRCULAR 2 0 1 0.0204
c70 | 223462 | 203474 | 217.15 0 0 CIRCULAR | 15 0 1 | 0.00806
CI0 | 210410 | 216012 | 2498 0 0 CIRCULAR | 35 0 1 0.0002
€70 | 216412 | 270058 | 25851 0 0 CIRCULAR | 35 0 1 0.0002
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
10 | 270058 | 216414 | 24671 0 0 CIRCULAR | 35 0 1 0.0002
CI0 | 216014 | 216416 | 3962 0 0 CIRCULAR | 35 0 1 0.0002
10| 216016 | 215550 | 232.26 0 0 CIRCULAR | 35 0 1 0.0002
CI0 | 215540 | 215606 | 219.37 0 0 CIRCULAR | 125 0 1 0.0306
CI0 | 21606 | 215558 | 14662 0 0 CIRCULAR | 125 0 1 | 003699
C10° | 215558 | 200668 | 21654 0 0 CIRCULAR | 225 0 1 | 000938
10 | 200668 | 215550 | 245.48 0 0 CIRCULAR | 225 0 1 0.002
10 | 215562 | 216104 | 3427 0 0 CIRCULAR | 225 0 1 | 001255
c71 | 223474 | 203468 | 17072 0 0 CIRCULAR | 15 0 1 | o005
It | 215550 | 270674 | 228.03 0 0 CIRCULAR | 35 0 1 | 000145
€Tt | 210674 | 217012 | 256.96 0 0 CIRCULAR | 35 0 1 0.0014
CIL | 17012 | 217224 | 20078 0 0 CIRCULAR | 35 0 1 | 000543
CIL | 21224 | 217214 | 19784 0 0 CIRCULAR | 35 0 1 | 000197
b | 217214 | 216100 | 39879 0 0 CIRCULAR | 35 0 1 | 000236
CIL | 216100 | 271246 | 42338 0 0 CIRCULAR 4 0 1 | 000246
CIL | 2m1246 | 216108 | 15295 0 0 CIRCULAR 4 0 1 | 00019
CTL | 216104 | 200656 | 21428 0 0 CIRCULAR | 25 0 1 | 000401
ot | 215518 | 209662 | 17146 0 0 CIRCULAR | 175 0 1| 002334
CIL | 200662 | 215546 | 37247 0 0 CIRCULAR 2 0 1 | 000537
c72 | 223468 | 241014 | 2481 0 34 CIRCULAR | 15 0 1 | 002016
Cl2 | 21506 | 111 | 23897 0 14883 | CIRCULAR | 225 0 1| 000017
C/2 | 200656 | 216192 | 29854 0 0 CIRCULAR | 25 0 1 | 000593
€72 | 216102 | 111 | 13077 0 15214 | CIRCULAR | 25 0 1 | 00069
Cl2 | 215578 | 215576 | 150.29 0 0 CIRCULAR | 25 0 1 0.006
12 | 215576 | 215574 | 19253 0 0 CIRCULAR | 25 0 1 | 000919
€12 | 215574 | 215572 | 13907 0 0 CIRCULAR | 25 0 1 | 000125
Cl2 | 216406 | 215580 | 189.73 0 0 CIRCULAR 13 0 1 | 000125
C72 | 215580 | 215572 | 1868 0 0 CIRCULAR 13 0 1 | 000125
€2 |ass2 | L1 | 2798 0 15284 | CIRCULAR 13 0 1 | 000129
c73 | 241924 | 241014 | 29.99 0 0 CIRCULAR | 35 0 1 | 000433
CI3 | 273764 | 247988 | 57251 0 0 ARCH 6.92 6.5 1 | 001401
€73 | 24133 | 241360 | 250569 0 0 CIRCULAR | 15 0 1| 000439
C73 | 241360 | 190064 | 110.36 0 0 CIRCULAR | 15 0 1 | 001903
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
€73 | 190064 | 190066 | 97.81 0 0 CIRCULAR | 15 0 1 | 000204
73 | 100066 | 189858 | 16379 0 0 CIRCULAR | 15 0 1 | 000366
13 | 180858 | 180862 | 20168 0 0 CIRCULAR | 15 0 1 | 001001
CT3 | 180862 | 1481538 | 1867 0 0 CIRCULAR | 15 0 1 | 020219
CI3 | 148153 | 216032 | 40362 0 0 CIRCULAR 7 0 1 | 000248
Cr3 | 216260 | 217732 | 23715 0 05 CIRCULAR | 25 0 1 | 000476
73 | 220576 | 1481538 | 349.64 0 0 CIRCULAR 5 0 1 | 000821
C74 | 241914 | 203466 | 203.12 0 0 CIRCULAR | 35 0 1 | 001014
CI4 | 243056 | 272882 | 13758 0 0 CIRCULAR | 225 0 1| oou12
/% | 2r2882 | 242734 | 939 0 0 CIRCULAR | 225 0 1 | 006082
1% | 216196 | 209660 | 2098 0 0 CIRCULAR | 15 0 1 | 000696
CT% | 200660 | 270684 | 212.73 0 0 CIRCULAR | 15 0 1 0.007
14 | 270684 | 200650 | 46.13 0 0 CIRCULAR | 15 0 1| 006209
1% | 200670 | 209650 | 109.23 0 0 CIRCULAR | 35 0 1 | 000302
CI4 | 200650 | 230320 | 267.22 0 0 CIRCULAR | 35 0 1 | 000363
C7% | 230320 | 215560 | 1389 0 0 CIRCULAR | 35 0 1 | 001159
CI4 | 215560 | 230324 | 47.46 0 0 CIRCULAR | 35 0 1 | 007799
€0t | 230324 | 221200 | 27251 0 0 CIRCULAR | 35 0 1| 058294
C75 | 223466 | 223470 | 24864 0 0243 | CIRCULAR | 35 0 1 | 000843
CI5 | 221214 | 268358 | 183.92 0 0 CIRCULAR 1 0 1 | 000571
CF° | 268358 | 227216 | 253.41 0 0 CIRCULAR | 15 0 1 | 000616
€15 | 227216 | 268364 | 237.08 0 0 CIRCULAR | 15 0 1 | 000844
CI5 | 268364 | 243062 | 264.55 0 0 CIRCULAR 2 0 1 | 001074
C75 | 243062 | 242750 | 22557 0 0 CIRCULAR | 225 0 1 | 001029
I | 242750 | 242764 | 94563 0 0 CIRCULAR | 225 0 1 | 000951
15 | 242730 | 243060 | 5018 0 0 CIRCULAR 1 0 1 | 001176
C15 | 243060 | 242848 | 9437 0 0 CIRCULAR 1 0 1 | 002311
CI° | 243318 | 243346 | 2298 0 0 CIRCULAR | 125 0 1 0.0104
€ | 24336 | 203162 | 141 0 0 CIRCULAR | 125 0 1| 001142
C76 | 241004 | 270736 | 22334 0 0 CIRCULAR | 35 0 1 | 001899
ClIo | 243162 | 243172 | 4963 0 0 CIRCULAR | 125 0 1 | 001048
€l | 243172 | 202150 | 14362 0 0 CIRCULAR | 125 0 1 0.0078
C76 | 242150 | 243332 | 64.35 0 0 CIRCULAR | 125 0 1 0.0101
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
CT0 | 243332 | 243604 | 668 0 0 CIRCULAR | 125 0 1 | 001303
C10 | 243604 | 243170 | 8449 0 0 CIRCULAR | 125 0 1| 000994
1 | 243170 | 241656 | 31378 0 0 CIRCULAR | 125 0 1 0.0255
CI0 | 241656 | 241566 | 12225 0 0 CIRCULAR | 125 0 1 | 002487
C0 | aa1s66 | 242838 | 12112 0 0 CIRCULAR 2 0 1 | 001139
CI0 | 242838 | 241658 | 5883 0 0 CIRCULAR 2 0 1| 001139
0 | 241658 | 242848 | 89.03 0 0 CIRCULAR 2 0 1 | 002708
c77 | 223470 | 241004 | 12553 0 0 CIRCULAR | 35 0 1 | oou63
CIT | 24338 | 243168 | 160.11 0 0 CIRCULAR | 125 0 1 | 000606
CI" | 243168 | 243324 | 117.03 0 025 | CIRCULAR | 15 0 1 | 000658
CI7 | 243304 | 243328 | 24495 0 025 | CIRCULAR | 175 0 1 | 0.00355
CI7 | 243328 | 243340 | 14986 0 0 CIRCULAR 2 0 1 | 000687
17 | 243300 | 242754 | 25072 0 0 CIRCULAR 2 0 1 | 000539
CIT | 24275 | 242848 | 18636 0 0 CIRCULAR 2 0 1 | 001465
CIT | 243658 | 243660 | 123.86 0 0 CIRCULAR | 125 0 1 | 000412
CIT | 243660 | 242858 | 22.99 0 0 CIRCULAR | 125 0 1 0.0013
c78 | 241000 | 223478 | 8116 0 0 CIRCULAR | 15 0 1 | 000899
Cl8 | 242858 | 24330 | 758 0 0 CIRCULAR | 15 0 1 | 001649
C8 | 152234 | 266402 | 158.16 0 10022 | CIRCULAR | 55 0 1| 000474
CI8 | 266002 | 273764 | 27788 0 0 ARCH 6.92 6.5 1 | 001054
CI8 | 220020 | 220018 | 335.01 0 0 CIRCULAR 4 0 1 | 001024
18 | 220018 | 220916 | 229.99 0 0 CIRCULAR | 45 0 1 | 000909
I8 | 220016 | 219598 | 3664 0 0 CIRCULAR 5 0 1 0.0155
CI8 | 219504 | 246276 | 580.07 0 0 CIRCULAR 8 0 1 | 000149
€18 | 215002 | 35 | 37307 0 0 CIRCULAR 8 0 1 | 000126
Bl s L0 | 18324 0 1 CIRCULAR 8 0 1 | 000124
8 | aae276 | 215002 | 17O 0 0 CIRCULAR 8 0 1 | 000114
C79 | 223478 | 241006 | 165.23 0 05 CIRCULAR | 15 0 1 | 000902
9 | 268362 | 227212 | 15027 0 0 CIRCULAR 2 0 1 | 001471
O | 22r212 | 22m196 | 37307 0 0 CIRCULAR | 225 0 1 | 000898
19 | 220816 | L7 86.6 0 0 CIRCULAR 6 0 1 0.0797
AT | M3 0 0 CIRCULAR 13 0 1 | ooo118
C79 | 242558 | 242556 | 116 0 0 CIRCULAR | 175 0 1 | 000914
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
CI9 | aa556 | 242554 | 129.98 0 0 CIRCULAR | 175 0 1| 001777
CI9 | 24255 | 242552 | 132.02 0 0 CIRCULAR | 275 0 1 0.0028
€19 | 242552 | 220864 | 27335 0 0 CIRCULAR | 275 0 1| 000417
CI9 | 220564 | 242386 | 264 0 0 CIRCULAR | 275 0 1 | 000314
79 | 242386 | 242384 | 68.99 0 0 CIRCULAR 3 0 1 | 000667
C8 | 240346 | 240350 | 39 0 0 CIRCULAR 2 0 1 | 000897
C80 | 241906 | 273128 | 42.44 0 0 CIRCULAR 2 0 1 | 000471
80| 242578 | 242570 | 7101 0 0 CIRCULAR | 125 0 1 | 000873
C80°| 242570 | 242568 | 161.99 0 0 CIRCULAR | 15 0 1 | 003583
cgo 242568 | 242566 | 42.01 0 0 CIRCULAR 2 0 1 | 000571
80 | 24566 | 242564 | 269.99 0 0 CIRCULAR 2 0 1 | 000248
CB0° | 242564 | 242572 | 4599 0 0 CIRCULAR 2 0 1| 002371
B0 | 242572 | 242086 | 428.97 0 0 CIRCULAR | 35 0 1 | 000254
cgo 242086 | 220776 | 105.03 0 0 CIRCULAR | 35 0 1 | 001238
801 241478 | 241476 | 263 0 0 CIRCULAR 1 0 1 | 002792
C80 | 242384 | 242002 | 34579 0 0 CIRCULAR 3 0 1 | 000578
0 | 242002 | 242090 | 295.21 0 0 CIRCULAR 3 0 1 | 000518
cs1 | 273128 | 270736 | 266.39 0 035 | CIRCULAR 2 0 1 | 000503
C8L | 242000 | 242088 | 238 0 0 CIRCULAR 3 0 1 | 001042
CBL | 242088 | 220776 | 5501 0 0 CIRCULAR 3 0 1 | 001491
8L | 220776 | 220578 | 140.99 0 0 CIRCULAR 4 0 1 | 001362
8L | 220578 | 242084 | 17349 0 0 CIRCULAR 4 0 1 | 002018
CBL | 242084 | 220576 | 122 0 0 CIRCULAR 5 0 1| 001402
c82 | 223476 | 241920 | 11354 0 0 CIRCULAR | 125 0 1 | 001956
82 | 188308 | 188448 | 357.46 0 0 CIRCULAR | 125 0 1 | 000476
C982 188448 | 188438 | 69.37 0 0 CIRCULAR 15 0 1 0.01514
c83 | 241920 | 223500 | 8s.68 0 0 CIRCULAR | 125 0 1 | 00245
cga 188438 | 188410 | 70.24 0 0 CIRCULAR | 225 0 1 0.0047
83 | 188410 | 188400 | 11068 0 0 CIRCULAR | 225 0 1 | 000578
C83 | 188400 | 188414 | 25087 0 0 CIRCULAR | 225 0 1 | 000869
83 | 188414 | 188302 | 36 0 0 CIRCULAR | 25 0 1 | 001306
33 | 188302 | 187508 | 22 0 0 ARCH 3.02 1.88 1 | 0.00955
C83 | 187508 | 187506 | 3538 0 0 CIRCULAR | 25 0 1 | 000743
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
83 | 187506 | 242308 | 4431 0 0 CIRCULAR | 25 0 1 | 001512
C83 | 242308 | 242396 | 3581 0 0 CIRCULAR 3 0 1 0.0148
C83 | 242306 | 242304 | 303 0 0 CIRCULAR 3 0 1 | oo1485
C83 | 242304 | 220778 | 5095 0 0 CIRCULAR 3 0 1 | 003279
cea | 223500 | 203496 | 121.77 0 0 CIRCULAR | 125 0 1 | 002366
84 | 220778 | 220866 | 52 0 0 CIRCULAR 4 0 1 | 000904
34 | 220566 | 220868 | 99 0 0 CIRCULAR 4 0 1 | 000222
34 | 220568 | 220570 | 322 0 0 CIRCULAR 4 0 1 | 000565
C84 | 220570 | 220872 | 359 0 0 CIRCULAR 4 0 1 | 000685
O34 | 220572 | 220874 | 112 0 0 CIRCULAR 4 0 1 0.0067
et | 220574 | 220576 | 4922 0 0 ARCH 488 3 1 | 003619
4 | 2arar6 | 241472 | a2 0 0 CIRCULAR | 125 0 1| 0.14557
C84 | 241474 | 241472 | 17203 0 0 CIRCULAR | 125 0 1 | 000169
o4 | 241472 | 272870 | 23007 0 0 CIRCULAR 2 0 1| 000472
o4 | 272870 | 241470 | a1 0 0 CIRCULAR 2 0 1 | 002415
c85 | 223496 | 270736 | 54.53 0 319 | CIRCULAR | 125 0 1 | 00238
85 | 241470 | 241468 | 33201 0 0 CIRCULAR 2 0 1| 000922
5 | 241068 | 242431 | 9102 0 0 CIRCULAR 2 0 1 | 001373
8 | 242434 | 273178 | 22973 0 0 CIRCULAR | 225 0 1 | 000993
C85 | 273178 | 242432 | 192.99 0 0 CIRCULAR | 225 0 1 | 001067
B0 | 242032 | 220790 | 6302 0 0 CIRCULAR | 225 0 1| 003922
C85 | 242682 | 242680 | 162 0 0 CIRCULAR | 125 0 1 | 000525
8> | 242680 | 241470 | 11698 0 0 CIRCULAR | 125 0 1 | 000453
€85 | 227104 | 241358 | 30871 0 0 CIRCULAR | 125 0 1| 00268
c86 | 270736 | 241008 | 247.88 0 034 | CIRCULAR | 45 0 1 | 003112
80 | 241358 | 241378 | 4583 0 0 CIRCULAR | 125 0 1 | 005463
C80 | 242508 | 241338 | 20584 0 031 | CIRCULAR | 225 0 1 | 000815
C80 | 241338 | 241378 | 3083 0 0 CIRCULAR 3 0 1 | 003343
CE0 | 241300 | 241342 | 31529 0 0 CIRCULAR | 175 0 1 | 0.00688
80 | 241342 | 241378 | 2978 0 0 CIRCULAR | 225 0 1 | 001009
€80 | 241378 | 273426 | 294.46 0 0 CIRCULAR | 275 0 1| 000849
80 | 227208 | 227222 | 254809 0 0 CIRCULAR | 125 0 1 | 001354
C86 | 207020 | 207228 | 2248 0 0 CIRCULAR | 15 0 1 | 001157
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
80 | 227228 | 227204 | 9856 0 0 CIRCULAR | 175 0 1 | o012
€80 | 22120 | 227236 | 12486 0 0 CIRCULAR | 175 0 1| o077
c87 | 241008 | 241910 | 1689 0 0 CIRCULAR 5 0 1 | 000261
T | 227236 | 227234 | 15092 0 0 CIRCULAR 2 0 1 | 000563
87| 227234 | 227232 | 11888 0 0 CIRCULAR 2 0 1| 000631
8T | 221232 | 242736 | 29973 0 0 CIRCULAR | 225 0 1 0.004
8 | 242736 | 243058 | 18565 0 0 CIRCULAR | 225 0 1 | 001503
87 | 243652 | 241654 | 307.86 0 0 CIRCULAR 1 0 1| 002437
87 | 241654 | 273454 | 308.65 0 0 CIRCULAR 1 0 1 | 003738
7 |2a574 | m2 | 5719 0 14898 | CIRCULAR 4 0 1| 000699
T 2 L8 20.16 0 0 CIRCULAR 13 0 1 | 006262
87 | 242848 | 241660 | 17456 0 0 CIRCULAR | 35 0 1 0.0063
C87 | 241660 | 243074 | 8534 0 0 CIRCULAR | 35 0 1 | oo1348
ces | 241910 | 215666 | 370.85 0 0 CIRCULAR 5 0 1 | 000315
B8 | 243074 | 242850 | 11014 0 0 CIRCULAR 4 0 1 0.0039
C88 | 242850 | 243058 | 87.18 0 0 CIRCULAR 4 0 1 | 000379
88 | 243058 | 241574 | 236 0 0 CIRCULAR 4 0 1 | 000466
8 | oraasa | w2 | 497 0 15613 | CIRCULAR | 175 0 1 | 000683
A EED L9 91.44 0 0 CIRCULAR 13 0 1 | 000405
BB W s | 1018 0 0 CIRCULAR 13 0 1 | 000109
88 | 273026 | Lo 23.01 0 13018 | CIRCULAR | 275 0 1 | 03205
ng 273436 | 242654 | 6597 0 0 CIRCULAR 2 0 1 | 000227
88 | 242654 | 241570 | 35901 0 0 CIRCULAR 2 0 1 | 000206
€88 | 241570 | 2a1572 | 109 0 0 CIRCULAR 2 0 1| 000174
C89 | 215666 | 215012 | 390.82 0 0 CIRCULAR 5 0 1 | 000307
89 | ams72 | 241574 | 28 0 0 CIRCULAR 2 0 1 | 0.06658
89 | 2wmrz2 | 217730 | 260,07 0 0 CIRCULAR 3 0 1 | 000305
89 | 227200 | 227190 | 17432 0 0 CIRCULAR | 15 0 1 0.0345
ng 227100 | 227210 | 5039 0 0 CIRCULAR | 175 0 1 | 003674
89 | 227210 | 268360 | 43.89 0 0 CIRCULAR | 225 0 1 | 020048
89 | 268300 | 227226 | 17.99 0 0 CIRCULAR | 225 0 1| 008592
89 | 227226 | 220816 | 1681 0 11533 | CIRCULAR | 225 0 1 | 035048
C89 | 216062 | 216260 | 296.21 0 0 CIRCULAR 1 0 1 | 009992
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Inlet

QOutlet

Nam Inlet Outlet | Length Offset Offset Cro_ss- Geom1 Geom2 | Barre Slope
e Node Node (ft) (ft) (ft) Section (ft) (ft) Is (ft/ft)
89 | 216254 | 215676 | 238 0 025 | CIRCULAR 1 0 1| 007712
89 | 215676 | 217730 | 100 0 175 | CIRCULAR | 125 0 1 0.012
Co | 240350 | 187574 | 300 0 0 CIRCULAR | 175 0 1 | 004164
coo | 224696 | 225008 | 216 0 0 CIRCULAR 1 0 1 | o.0s383
0 | 217730 | 215002 | 3034 0 13604 | CIRCULAR 3 0 1 | 013808
Cfo L7 L6 | 579.35 0 0 CIRCULAR 13 0 1 | 000235
N1 s L5 750.8 0 0 CIRCULAR 13 0 1 | 000145
Ll s | 12 0 0 CIRCULAR 13 0 1 | 000173
e L3 804.7 0 0 CIRCULAR 13 0 1| 000174
cgo L3 L2 | 782,03 0 0 CIRCULAR 13 0 1 | 000179
01 L1 30.49 0 0 CIRCULAR 13 0 1 | 000328
0 | 241662 | 242758 | 134.49 0 0 CIRCULAR | 125 0 1| 000491
0 | 242758 | 241652 | 14381 0 0 CIRCULAR 2 0 1 | 000209
co1 | 225008 | 223512 | 195 0 035 | CIRCULAR 1 0 1 | o.04708
31 | 241652 | 272890 | 12365 0 0 CIRCULAR 2 0 1 | 000307
COL | 272800 | 242770 | 98.42 0 0 CIRCULAR 2 0 1 0.0366
OO | 242770 | 241664 | 3253 0 0 CIRCULAR | 35 0 1 | 000369
3L | 241664 | 242760 | 8321 0 0 CIRCULAR | 35 0 1 | 000841
co2 | 223512 | 204686 | 28 0 0 CIRCULAR 2 0 1 | 001607
co3 | 224686 | 204698 | 24 0 0 CIRCULAR 2 0 1 | oo1625
cos | 224608 | 241902 | 206 0 0 CIRCULAR 2 0 1 0.015
Co5 | 241002 | 241018 | 195 0 0 CIRCULAR 2 0 1 | oo1708
Co6 | 224688 | 225020 | 172.65 0 0 CIRCULAR 1 0 1 | 006507
co7 | 225020 | 204686 | 148.06 0 07 CIRCULAR 1 0 1 | 007457

cos | 223484 | 241922 | 52 0 1 CIRCULAR 1 0 1 0.02
Co9 | 241922 | 223502 | 313 0 053 | CIRCULAR | 125 0 1 | 003805
co | L1 | oFmain | 3059 0 0 CIRCULAR 13 0 1 | 030143

A8. Drainage system parameters used in the PCSWMM model.
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Criteria for structural BMP selection
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Treatment

Water Quality

nC
suitability Performance
: Site . . Disadvantages
Structural TSS Bacteria ical Residential . .
Control Structural Control |  vater 260% | (275% | APPlicability | o division cggf‘;t"ﬂg‘"’;“ ”g;’:fﬂ:“‘}’e fo'Avaid
Category Bality removal) | removal) Use o !
Extended dry v v v v v v v
letention pond
Wet pond v v v v v v v Odor/safety
Wi Wet extended
s“:,onﬁzmr detention pond v v v d v v X Cdor/satety
Micropool
extended detention v v v v v v v Odor/safety
pond
Multiple Ponds v v v v v v X Odor/safety
Shallow wetland ' v v v v X X
Shallow extended
Stormwater detention wetland v v v d v X X
Wetland:
erands Pond/Wetland v v v v v X X
Pocket wetland v v v v v X X Odor/mosquito
Bior Bic ion Areas v v ID v v X X
Sand Filters | Surface Sand Filter v v X v X X X
Perimeter Sand
Filter v v X v X X X
Infiltration Infiltration Trench v v v v X X X
Enh " Dry Swale v v ID v v X v
Swal
wales Wet Swale v v ID v v X v Odor/mosquito

AQ9. Criteria employed during evaluation of structural BMPs to be implemented for the St
Anthony Park watershed. An arrow indicates that the BMP meets the examined criteria, while an
X mark indicates that it does not. ID: insufficient data — Modified from (Debo and Reese 2002).




Areas and volumes of extended dry detention ponds

L ocation Detention Pond | WQCYV Bottom WQCV Top Volume of
Name Area (m?) Area (m?) EDDP (ft3)
Detention
o7 1135 1997 1332
Detention
Sont6 128 491 19194
Detention
s o5 3728 5199 15405
Manholes Detention 2925 4240 6939
(L1-L7) Pond-4
Detention 14950 17786 70382
Pond-3
Detention
oo 97 427 1128
Detention 8268 10405 40146
Pond-1
OFmain OFmain 35437 39746 161644

Detention Pond

A10. Top and bottom areas and final volume of WQCV of dry extended detention ponds

(EDDPs) placed at deep manholes and at OFmain.
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Extended dry detention pond examination using the EMC

washoff function

-~ o
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All. Top: hyetograph. Bottom: hydrographs at OFmain outflow for the two EDDP scenarios
using the dynamic wave routing method: No BMP (black), with distributed EDDPs (red), and
with one EDDP at OFmain (blue). The simulation was run for 40 hours. The flow is shown in
cubic feet per second (cfs).
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2000+
T 15001 — NoBMP
5 — Distributed Pond (k=0.03 ft/hr)
— — OFmain Pond (k=0.03 ft/hr)
® 10004
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Al12. TSS loads (kg/hr) at OFmain outflow for the two EDDP scenarios at k = 0.03 ft/hr: No
BMP (black), with distributed EDDPs (red), and with EDDP at OFmain (blue). The simulation

was run for 40 hours.

20004

— No BMP
— Distributed Pond (k=0.2 ft/hr)

— OFmain Pond (k=0.2 ft/hr)
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A13. TSS loads (kg/hr) at OFmain outflow for the two EDDP scenarios at k = 0.2 ft/hr: No BMP
(black), with distributed EDDPs (red), and with EDDP at OFmain (blue). The simulation was run

for 40 hours.
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Parameter (examined at No Detention Distributed
k value OFmain outflow) BMP Pond at Detention
OFmain Ponds
0.03 f/hr | Peak TSS Load | Measured | 1842 895 492
(kg/hr) % Efficiency | - 51% 73%
Measured 1842 761 420
02 ftthr | CeaK kT S/ﬁ' Ll
(kg/hr) % Efficiency - 59% 77%

Al4. Stormwater TSS load reduction performance summary (peak shaving) for the two BMP

scenarios (detention pond at OFmain and distributed detention ponds) examined at k-values of
0.02 and 0.3 ft/hr. The simulation was run for 40 hours. Peak TSS loads were examined at
15:00 hr (15 Sat) (see A12 and A13).
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