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Introduction

The purpose of this report is to describe and document the design criteria and procedures
used to complete the final design of the drainage and stormwater management facilities for
the Gateway portion of the Innerbelt Bridge Project. A detailed description is provided for
the drainage and stormwater management system design for each of the seven major
outfalls within this portion of the Project. Anticipated maintenance requirements are
provided for drainage and stormwater treatment facilities within each outfall drainage area.
Design calculations are provided in the Appendices to this report.

Project Area
The project area of the Innerbelt Bridge extends over a distance of approximately 1.7 miles,

with about 1.0 mile on the east bank of the Cuyahoga River, and the remaining 0.7 miles on
the west bank of the river. The area within the project limits, about 80 acres, lies entirely
within the City of Cleveland’'s combined sewer area. More specifically, the project area lies
within five different sewersheds (CS0O-80, CS0-90, CS0-94, CSO 95 and CS0-235). The
northernmost portion of the project area, on the east bank of the Cuyahoga River, drains to
Combined Sewer Overflows (CSQ’s) 94 and 95, which discharge to Lake Erie. The remainder
of the project area on the east bank of the river and the entire project area on the west bank

of the river, drain to CSO's 80, 90 and 235, which discharge to the Cuyahoga River.
2
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Roadway construction documents for the Innerbelt Bridge Project were prepared in three
parts: (1) the E. 9" Street Construction Package which covered the new streets proposed for
the Commercial region of the east bank project area, (2) the Gateway Construction Package
which covered the mainline portion of the east bank project area, and (3) the Tremont
Construction Package which covered the entire west bank project area. The Gateway
portion of the project area consists of seven major drainage areas, or “outfalls”, and

numerous locations of pavement reconstruction on local streets.

Drainage and Stormwater Management Requirements

Both stormwater quantity and quality control requirements were established for the
Innerbelt Bridge Project. Regarding stormwater quantity control, areas within the project
limits could remain connected to the combined sewer system. However, peak flows and
runoff volumes to the combined sewer system from major outfalls were limited according to
requirements of ODOT and the Northeast Ohio Regional Sewer District (NEORSD).

For this project, ODOT required that the post-construction 5-,10- and 25-year peak flow
rates at any point in the existing combined sewer system be limited to pre-construction
rates. The sewer district required that there be no increase in stormwater runoff volume
discharged to any individual combined sewer overflow (CSO) area during their control storm
event. To control stormwater quality for the project, post-construction Best Management
Practices (BMPs) were required for all proposed storm-only sewer systems to which the
project drains. It was also required that installation of new storm-only drainage systems be
implemented to the greatest extent possible. Outfall peak discharge rates are shown in

Table 2, and impacts on the affected CSO areas are shown in Table 3.

In general, the design criteria contained in Volume 2 of the ODOT L&D Manual were used for
the drainage and stormwater management facilities. City of Cleveland standards were used
to design the storm sewers for the local streets. ODOT Form LD-35, which contains specific
drainage design criteria, was completed for the Innerbelt Bridge Project and is included in
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this report as Appendix A. Specific spread requirements for roads in the Gateway Region are

shown in Table 1.

All drainage and stormwater management facilities constructed under the Gateway
Construction Package within the mainline right-of-way will be owned and maintained by
ODOT. The new drainage facilities associated with local street reconstruction will be owned

and maintained by the City of Cleveland.

Table 1
Spread Requirements for Roads in the Gateway Region

Allowable
Spread on Total
Lane | Shoulder | Traveled | Allowable
No. of | Width Width Lane Spread Design
Road Name Lanes | (feet) (feet) (feet) (feet) Storm ADT
[-90
Mainline/Ultimate 5 12 Varies 0 Varies 10-year | 71,000
Mainline/Bi-direct. 5 12 Varies 0 Varies 10-year | 71,000
Ramp A3 1 16 6RT, 3LT 0 6,3 10-year --
Ramp A4 2 12 Varies 0 Varies 10-year -
Ramp A5 2 12 Varies 0 Varies 10-year -
Central Viaduct Way 2 13 0 6 6 2-year | 1,000'
Carnegie Avenue 6 9-13 5 8 13 5-year | 24,000
Ontario Street 7 10.5-13 13 8 21 5-year | 33,200
E. 9" Street 5 12 0 8 8 5-year | 32,300

! Estimate made by comparing to similar nearby roadways and considering the traffic that feeds the roadway.
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East Bank Outfall

The East Bank Outfall is at the Cuyahoga River under the east side of the new Innerbelt
Bridge. As shown on Figure 3, this is the outfall for 2.59 acres of the new bridge deck
between Piers 4 and 8. The bridge deck scupper and downspout at Pier 5 will discharge
directly to an extended dry detention basin, East Bank Detention Basin A, for stormwater
quality control. This detention basin was also designed to discharge the Water Quality
Volume over a 48-hour period. This detention basin will discharge to a new separate storm
sewer that discharges to the river. Due to the close proximity to salt storage piles, the
portion of this basin directly adjacent to Pier 5 will be lined with an impermeable
geomembrane.

The scuppers and downspouts at Piers 7 and 8 will also discharge to a new separate storm
sewer, which leads to another extended dry detention basin, East Bank Detention Basin B, for
stormwater quality control. In addition, the scupper and downspout at Pier 6 will also
discharge to this basin directly. This detention basin was designed to discharge the Water
Quality Volume over a 48-hour period. This detention basin will discharge back into the new
separate storm sewer.

Peak discharge rates from the East Bank Outfall are shown in Table 2. Drainage design
calculations for this outfall are provided in Appendix B. Anticipated maintenance
requirements for the drainage and stormwater management system for the East Bank
Outfall are:

1. Routine inspection and cleaning of scuppers and storm sewer system.

2. Mowing around perimeter of detention basins if necessary.

3. Routine inspection of detention basins, removal of woody vegetation and cleaning of
outlet structures.
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W. 3rd Street Qutfall

The W. 3" Street Outfall, as shown in Figure 3, is the discharge from bridge deck scuppers
located at Pier 10. These scuppers will drain to an extended dry detention basin that
discharges to the existing separate storm sewer in W. 3™ Street. Pre- and Post-construction
peak flow rates at this outfall location are shown in Table 2. Pre- and post-construction
drainage area boundaries are shown in Figures 1 and 2, respectively. The proposed peak 5-,
10- and 25-year flow rates into the existing separate storm sewer system at this location are
less than existing conditions and will not require detention. The extended dry detention
basin will provide the required stormwater quality control for discharge to a separate storm
sewer system.

Drainage design calculations for this outfall are provided in Appendix C. Anticipated
maintenance requirements for the drainage and stormwater management system for the W.
3" Street Outfall are:

1. Routine inspection and cleaning of scuppers and storm sewer system.

2. Mowing around perimeter of water quality/detention basin.

3. Routine inspection of detention basin, removal of woody vegetation and cleaning of
outlet structure.

Canal Outfall

The Canal Outfall is at Canal Road and lies within CSO-235. Flows from these areas are
regulated by E-25 having dry weather flows and portions of wet weather flows routed to CSO
SLPS via E-26/Stones Levee Pump Station. Overflow will occur if pump station capacity is
exceeded. Excess wet weather flow will be diverted to CSO 235 if side weir at E-24 is
overtopped. Flows that go through SLPS will be directed to CS0-093/090 and are shown in
Table 3 as part of a larger total project analysis. As shown on Figure 3, this is the outfall for
3.32 acres of the new bridge deck and existing area to Canal Road. There was a slight
increase in area from the new bridge deck, and the proposed C value went down due to some

buildings being removed on the south side of Canal Rd. The scuppers and downspouts at
6
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Pier 11 will discharge to new catch basinS located outside of the new pavement of Canal
Road. Pre- and post-construction peak flow rates at this outfall location are shown in Table
2. Pre- and post-construction drainage area boundaries are shown in Figures 1and 3,
respectively. There is no stormwater quality control BMP provided for the Canal Outfall
because it discharges to the existing combined sewer system.

Drainage design calculations for the Canal Outfall are provided in Appendix D. Anticipated

maintenance requirements for the drainage system for the Canal Outfall consist of routine
inspection and cleaning of bridge scuppers and the storm sewer system.

Central Viaduct Outfall

As shown in Figure 2, the Central Viaduct Outfall drains 2.03 acres of the reconstructed local
streets between Carnegie Avenue and the southeast side of the new Innerbelt Bridge. The
existing area was 2.54 acres and portions of this is being routed to Ontario outfall by the
new bridge and parts are going to the Commercial Parking Lot connection. The storm sewer
system draining this area lies within CS0O-093/CS0-90 drainage boundary, and will discharge
to the existing combined sewer system. Flows from this area are regulated by E-24 with dry
weather flows and portions of wet weather flow are routed to CS0O-093, and excess wet
weather flow is diverted to CSO-090 once E-24 weir is overtopped. A portion of the existing
drainage area will be covered up by the proposed Innerbelt Bridge and taken to the Ontario
outfall. This reduction in area leaves a net 23.9% reduction of runoff. Pre- and post-
construction peak flow rates at this outfall location are shown in Table 2. Pre- and post-
construction drainage area boundaries are shown in Figures 1 and 3, respectively. There is
no stormwater quality control BMP provided for the Central Viaduct Outfall because it
discharges to the existing combined sewer system.

Drainage design calculations for the Central Viaduct Outfall are provided in Appendix E.
Anticipated maintenance requirements for the drainage system for the Carnegie Outfall
consist of routine inspection and cleaning of bridge scuppers and the storm sewer system.
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Commercial Parking Lot Combined Sewer Outfall

The Commercial Combined Sewer Outfall is lies within CSO-235. Flows from these areas are
regulated by E-25 having dry weather flows and portions of wet weather flows routed to CSO
SLPS via E-26/Stones Levee Pump Station. Overflow will occur if pump station capacity is
exceeded. Excess wet weather flow will be diverted to CSO 235 if side weir at E-24 is
overtopped. Flows that go through SLPS will be directed to CS0-093/090 and are shown in
Table 3 as part of a larger total project analysis. As shown on Figure 4, this is the outfall for
0.70 acres of the new bridge deck, and a portion of a parking lot on the north side of
Commercial Road. This area was going to drain onto the GCRTA property, but will know be
routed through a storm sewer to the existing combined sewer along Commercial Road, so
that no water outfalls onto GCRTA property. Since the area drained to Central Viaduct
Outfall under existing conditions, no existing conditions were calculated for this new

connection.

Drainage design calculations for the Commercial Parking Lot Combined Sewer Outfall are
provided in Appendix F. Anticipated maintenance requirements for the drainage system for
the Outfall consist of routine inspection and cleaning of bridge scupper and storm sewer
system.

Ontario Outfall

The Ontario Outfall is at the southeast corner of the intersection of Ontario Street and
Carnegie Avenue, and lies within CS0-093/CS0-90 drainage boundary, and will discharge to
the existing combined sewer system. Flows from this area are requlated by E-24 with dry
weather flows and portions of wet weather flow are routed to CSO-093, and excess wet
weather flow is diverted to CSO-090 once E-24 weir is overtopped. As shown on Figure 4,
this is the outfall for 2.99 acres of the reconstructed I-90 roadway. The increase in area is
from the new bridge bringing more area to this location from the GCRTA property, Central
Viaduct & CS0-235 area around Commercial Parking Lot. Tri-C parking lot is also tributary
to the Ontario system, and has addition parking being added during construction of Ramp
A4. The new storm sewers draining this roadway area will discharge to an underground

8
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detention facility consisting of a network of 72" corrugated steel spiral rib conduit. The
outlet from this detention facility will discharge to the existing 15" sewer at the east side of
this site. Pre- and post-construction peak flow rates without detention at this outfall location
are shown in Table 1. Pre- and post-construction drainage area boundaries are shown in
Figures 2 and 4, respectively. The new detention facility will provide 0.35 acre-feet of
underground storage to limit post-construction peak flow rates in the existing combined
sewer system to no more than the pre-construction rates. CSO volume for CS0-90 is
evaluated by adding the increased area for Ontario & Tri-C outfalls, but removing the
Commercial, Canal, and Central Viaduct drainage. This results in a net decrease to CS0-90
as seen in Table 3 during wet weather events. There is no stormwater quality control BMP
provided for the Ontario Outfall because it discharges to the existing combined sewer
system. However, runoff will be pretreated by structures with sumps and bar screens prior
to entering the underground detention facility to prevent blockage from accumulated debris,
and to minimize the frequency of cleaning. Drainage design calculations for the Ontario
Outfall are provided in Appendix G. Anticipated maintenance requirements for the drainage
and stormwater management system for the Ontario Outfall are:

1. Routine inspection and cleaning of the storm sewer system including the two
pretreatment structures.

2. Landscape maintenance above and in the vicinity of the underground detention
facility.

3. Routine inspection of the underground detention facility.

4. Cleaning (jet wash) as necessary of the underground detention facility.

E. O'" Street Outfall

The E. 9" Street Outfall is at the southeast corner of the intersection of E. 9" Street and

Carnegie Avenue, and lies within CSO-94. As shown on Figure 7, this is the outfall for 1.76

acres of the reconstructed I-90 roadway. The existing area to this outfall was only 0.75

acres from the existing on-ramp, but the additional bridge pavement from the new bridge is

creating the increase which in runoff and volume which will be offset by detention. The new
9
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storm sewers draining this roadway area will discharge to a dry detention basin. The outlet
from this detention facility will discharge to the existing 12" sewer that connects the E. 9'"
Street sewer main. Pre- and post-construction peak flow rates at this outfall location are
shown in Table 2. Pre- and post-construction drainage area boundaries are shown in Figures
2 and 4, respectively. The new detention facility will provide 0.42 acre-feet of storage to
limit post-construction peak flow rates in the existing combined sewer system to no more
than the pre-construction rates. Orange/14"™ Street reconstruction areas were modeled with
the 9™ Street outfall since it is tributary to the 96" sewer main. Areas were removed from
Orange/14™ to make up for the increase in area to the 9" Street Outfall. There is no
stormwater quality control BMP provided for the E. 9" Street Outfall because it discharges to
the existing combined sewer system.

Three conditions were evaluated for the 9" Street Detention Basin. The first was for CCGI
contract where a proposed storm sewer from the new I-90 WB lanes is connected to the
proposed detention basin. This storm sewer has 0.70 acre of pavement and 0.27 acres of
steep sloped grass tributary to it. Calculations were also provided for CCG3 conditions
where the grassed area will be converted into pavement shown in Appendix H for future 1-90
WB lanes. The third calculation shows a temporary connection from the existing 1-90 sag to
the proposed storm sewer. Due to the construction phasing and sequencing, this temporary
connection will need to take three barrier inlets off an existing No. 4 brick sewer (33") and
route it to the 9™ Street basin before the 33" is grouted. The fill height on the pipe will be
exceeded with the construction of Walls G & H. This connection will remove 1.13 acres of
pavement that was tributary to CSO-090 and route it to CS0O-094. The detention basin will
be constructed with the storm sewer so that flow rates will be reduced to existing rates for
CCGl, CCG3, and the temporary connection. Anincrease in CSO volume to CS0-094 during
this connection, and reduction in CSO-090 will occur between construction phases 3 and 6
which is to last one year. Once traffic is moved to the new bridge (BL16/17) over Ontario, the
existing 113 acres will be able to sheet flow down to an existing grassed loop area and enter
back into the CSO-090 sewer system through an area inlet.

10
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Additional outfalls that lie within CSO 94 and are nearby to the proposed E9th detention
facility are CB UNK, CB-14323, and CB-14387. These calculations are shown in Tables 2-4.
Table 4 also includes the bi-directional condition for CB-14323 in which case the PCB allows
for additional bridge flow to enter this outlet.

Drainage design calculations for the E. 9" Street Outfall are provided in Appendix H.
Anticipated maintenance requirements for the drainage and stormwater management
system for the E. 9'" Street Outfall are:

1. Routine inspection and cleaning of the storm sewer system including the two outlet
structures.
2. Landscape maintenance of the site.

Locations of Pavement Reconstruction

In addition to the proposed drainage system for the major outfalls from the Gateway Region,
there are 14 relatively small areas of pavement reconstruction along Carnegie and Ontario,
as shown in Figure 6. Since these areas have similar runoff coefficients for existing and
proposed conditions, and drainage areas were not changing CSO boundaries; only the
proposed conditions were calculated with CDSS for spread/SS requirements. These areas
are tributary to CSO-093/CS0-90's, and will discharge to the existing combined sewer
system. Flows from this area are requlated by E-24 with dry weather flows and portions of
wet weather flow are routed to CSO-093, and excess wet weather flow is diverted to CSO-
090 once E-24 weir is overtopped. The drainage calculations for these areas of pavement
reconstruction are shown in Appendix |. Drainage boundaries, areas, and runoff coefficients

used in the calculations are shown in Figure 6.

11
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Table 2
Outfall Peak Discharge Rates
Existing Prop. Exist. | Prop. Intensity, I, (in/hr) Peak Flow, Q (cfs)
Drainag | Proposed | Existing Coef. Time Time Receiving
e Drainage | Coef. of of of of Existing Proposed Existing Proposed Pipe
Drainage Area Area Runoff, | Runoff, Inc. Conc. Conc. 25- 25- Cap.
Area ID (acres) (acres) C C inC (min) (min) 5-yr | 10-yr yr 5-yr | 10-yr yr 5-yr | 10-yr | 25-yr | 5-yr | 10-yr | 25-yr | Size | (cfs)
East Bank
Qutfall’ -- 2.59 0.90 - - 18.70 -- - - - 3.73 | 4.47 - - - 8.7 10.4 -
9.88 113 12.77
W. 37 St, - - -
Outfall*? 3.20 3.70 0.74 0.66 -0.08 4.07 10.20 575 | 6.57 7.51 | 404 | 455 | 5.22 | 13.66 | 15.61 | 17.85 | 0.04 0.12 0.51 - -
15.58 | 17.82 | 19.70
Canal - - -
Outfall"3 3.29 3.32 .85 .78 -0.07 5.89 5.89 6.04 | 691 | 763 | 6.04 | 691 | 7.63 | 16.87 | 19.29 | 21.33 | 2.40 | 2.80 3.40 - -
Cen. Via.
OQutfall® 2.54 2.03 .86 .82 -0.04 7.61 8.33 488 | 553 | 634 | 470 | 532 | 610 | 10.72 | 1214 | 13.92 | 7.80 | 8.83 | 10.12 -
Commercial
Parking Lot
Outfall® - 0.70 0.83 0.83 - 3.00 - - - 6.01 | 6.89 | 7.86 - - - 3.51 4.02 459 | 36" 22
Ontario
Outfall** 1.45 2.99 .85 .88 .03 10.80 8.65 - - - - - - - - 3.23 3.57 4.06 -
E. Ot St.
Qutfall** 0.85 176 0.57 .70 13 3.72 5.88 - - - - - - 4.58 | 5.67 8.53 -
Tri-C
OQutfall® 0.85 1.21 0.83 0.85 .02 5.80 5.1 532 | 6.06 | 694 | 549 | 627 | 716 | 375 | 4.27 | 4.89 | 5.65 | 6.45 7.37 33" 18
Pier 7B® 0.25 0.39 .90 .81 -.09 4.58 7.04 5.62 | 6.42 | 7.34 | 5.02 | 5,70 | 7.04 | 1.27 1.45 1.66 1.58 1.80 2.22 12" 3
CB UNK? 1.08 0.98 0.60 0.86 0.16 6.1 6.1 5.25 | 598 | 6.84 | 525 | 5.98 | 6.84 3.4 3.9 4.4 4.4 5.0 5.8 12" 3
CB 134873 0.92 0.53 0.79 0.70 -.09 6.3 6.7 520 | 592 | 677 | 510 | 5.80 | 6.64 | 3.70 | 430 | 4.90 | 190 2.10 2.40
CB 134233 0.56 0.91 0.80 0.84 .04 3.2 5.7 5.96 | 6.83 | 7.79 | 535 | 6.09 | 697 | 2.70 3.10 3.50 4.10 4.60 5.30 12" 3

Two proposed flows shown, first is overall area tributary, second is connection flow

2Discharges to an existing storm sewer.
3Discharges to an existing combined sewer.
“Results obtained from PondPack Software.
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Table 3 - Impacts on CSO Areas

Existing Proposed Existing Proposed
Drainage Drainage Coefficient of Coefficient Percent
Combined Sewer | Project Drainage Area Area Area Runoff of Runoff Existing Proposed Change in
System ID' ID (A in acres) (Ain acres) ©) © CxA CxA Runoff Volume
Canal Outfall 3.29 3.32 0.85 0.78 2.80 2.59 -7.5%
Commercial Combined
€S0-235 Sewer System' 6.57 3.28 0.77 0.79 5.06 2.59 -48.8%
Commercial Parking New
Lot - 0.70 - 0.83 - 0.58 Connection
Total 9.86 7.30 0.80 0.79 7.86 576 -26.7%
Canal Outfall 3.29 3.32 0.85 0.78 2.80 2.59 -7.5%
Central Viaduct Qutfall 2.54 2.03 .86 .82 2.18 1.66 -23.9%
Commercial Parking New
Lot - 0.70 - 0.83 - 0.58 Connection
Ontario Outfall 1.45 2.99 0.85 0.88 1.23 2.63 122.8%
€S0-90% Tri-C Parking Lot 0.85 1.21 0.83 0.85 0.71 1.03 451%
Pier 7B 0.25 0.39 0.90 0.81 0.23 0.32 -60.9%
Commercial Combined
Sewer System' 6.57 3.28 0.77 0.79 5.06 2.59 -48.8%
E. 22" Street 0.76 0.79 0.65 0.69 0.50 0.55 10.0%
Total 15.71 14.71 0.81 0.81 12.70 11.95 -5.91%
E. 9% St. Qutfall 0.75 1.76 0.57 0.70 0.43 1.23 186.1%
E. 9% St. Qutfall Temp* 0.75 2.89 0.57 0.78 0.43 2.25 423.0%
CB UNK 1.08 0.98 0.60 0.86 0.65 0.84 30.1%
CB 13487 0.92 0.53 0.79 0.70 0.73 0.37 -49.0%
€s0-94 CB 13423 0.56 0.91 0.80 0.84 0.45 0.76 70.6%
14 & Orange® 9.93 8.46 0.7 0.68 7.05 5.75 -18.4%
Total 13.24 12.64 0.70 0.71 9.30 8.96 -3.6%
Total (Temp.
Connection at D-
EXA50) 10.68 13.11 0.70 0.73 9.30 9.99 7.4%

'From Table 2, Drainage Design Report, E. 9" Street Roadway Package.
2CS0-235 system drains to CSO-90 system.

3Area diverted to CS0-94 from CS0-235.

4Area included in temporary total only.
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Table 4 - Pre & Post Flow Calculations

kHNTB\ Made by: PNS Date: 11/3/2011
| Checked by: BH Date: 11/3/2011
Job Number: 49633
Cleveland Innerbelt Gateway Roadway Pre and Post Drainage Areas and Runoff Coefficients
CN, Curve Number 79 98 98 74 77 94
C, Rational Coefficient 0.7 0.9 0.9 0.3 0.5 0.8
Fair cond. grass with [Moderate |Industrial/
Terrain Description|ROW grass |Pavement [Parking Lot |mild slope [Slope Commercial |Area CN C
Canal Combined Sewer Outfall Pre EX MH 9925 0.05 1.65 1.59 3.29 95.76 0.85
Canal Combined Sewer Post EX MH 9925 0.05 1.70 0.48 1.09 3.32[ 92.93 0.78
9th St Combined Sewer Outfall Pre EX-6820 0.08 0.28 0.39 0.75] 83.56 0.57
9th St Combined Sewer Outfall Post EX-6820 CCG1 0.27 0.99 0.50 1.76] 88.27 0.70
_ 9th St Temporary Connection 0.27 2.12 0.50 2.89 92.07 0.78
f_E Existing Scupper Discharge Point EX-39 CB PIER 7B 0.25 0.25 98.00 0.90
5 Proposed Discharge Point EX-39 CB PIER 7B 0.10 0.25 0.04 0.39 90.97 0.81
@) Ontario Combined Sewer Outfall Pre D8025 0.82 0.63 1.45 87.57 0.85
8 Ontario Combined Sewer Outfall Post D8025 0.27 2.69 0.03 2.99 96.04 0.88
:: Tri - C Pre EX-1018 0.75 0.10 0.85[ 95.18 0.83
o Tri - C Post EX-1018 1.11 0.10 1.21| 96.02 0.85
% 3rd St Storm Sewer Outfall Pre EX-9305 2.36 0.84 3.20[ 91.69 0.74
< 3rd St Storm Sewer Outfall Post EX-9305 2.23 148 3.70 88.42 0.66
E Central Viaduct Way Existing MH 8973 2.39 0.15 254 96.58 0.86
@) Central Viaduct Way Proposed MH 8973 1.75 0.28 2.03 94.69 0.82
Commercial Parking Lot Post EX-18020 0.24 0.46 0.70 91.53 0.83
UNK-PRE 0.36 0.44 0.28 1.08] 66.26 0.60
UNK-POST 0.19 0.79 0.98[ 94.32 0.86
CB INLET 13487 PRE 0.53 0.39 0.92 87.10 0.79
CB INLET 13487 POST 0.53 0.53[ 79.00 0.70
CB INLET 13423 PRE 0.28 0.28 0.56[ 88.50 0.80
CB INLET 13423 POST 0.28 0.63 0.91 92.15 0.84
CB INLET 13423 POST BIDIRECTIONAL 0.28 0.82 110/ 93.16 0.85
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Table 4 - Pre & Post Flow Calculations (continue)

[Made by: PNS

[Date: 11/03/2011 [

HNTB

|Checked by: BAH

|Date: 11/03/2011 \

Job Number: 49633

Cleveland Innerbelt Gateway-Roadway Pre and Post Drainage Areas and Runoff Coefficients: TC CALCULATION

Existing Scupper
Discharge Point EX-

Proposed Discharge

Commerical Parking

Analysis Condition EXISTING CS PROPOSED STORM SEWER Temporary Connection Existing CS Proposed to EXCS (39 CB Point EX-39 CB Existing CS Proposed to EXCS  |Existing SS Proposed to EX SS Existing CS Proposed to EX CS |Existing CS Lot Post
Outfall Name 9th St Outfall 9th St Outfall 9th St Outfall Ontario Outfall Ontario Outfall Pier 7B Pier 7B Tri-C Parking Lot Tri-C Parking Lot [3rd St Outfall D9305 [3rd St Outfall D9305 |CV Outfall D8973 [CV Outfall D8973 |EX - MH 9925 Ex-10820
Sheetflow GRASS pavement grass pavement pavement GRASS pavement
Runoff Coeffiecient 0.70 0.90 0.70 0.90 0.90 0.70 0.90
length, ft (<100) 17.00 69.00 87.00 100.00 86.00 42.00 26.00
dz, ft 2.00 1.10 6.61 1.00 1.70 12.00 1.04
slope 0.12 0.016 0.076 0.01 0.02 0.29 0.04
Tt, min 1.31 2.56 3.42 3.60 2.66 1.53 1.16
Sheetflow Pavement Pavement Pavement Pavement Pavement Pavement Pavement Pavement Pavement GRASS

Runoff Coeffiecient 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.70

length, ft (<100) 83.00 30.00 64.00 100.00 100.00 100.00 100.00 100.00 10.00 43.00

dz, ft 6.00 1.20 1.20 1.75 4.00 1.10 1.10 3.00 0.05 2.00

slope ft/ft 0.07 0.04 0.02 0.02 0.04 0.01 0.01 0.03 0.01 0.05

Tt, min 1.70 1.24 2.34 3.00 2.27 3.49 3.49 2.50 1.43 2.83

Shallow Concentrated Grass Row Grass Row Paved Shoulder GUTTER FLOW GUTTER FLOW [GUTTER FLOW  [Grass GUTTER FLOW GUTTER FLOW Gutter Flow Gutter Flow PAVEMENT Gutter PAVEMENT Gutter
length, ft 88.00 400.00 500.00 1108.00 582.00 173.00 20.00 200.00 227.00 27.00 685.00 127.00 247.00 42.00 181.00
dz, ft 7.00 5.00 6.00 15.00 4.00 0.85 8.00 1.00 3.00 0.50 3.19 1.00 1.25 0.10 6.88
slope % 7.95 1.25 1.20 1.35 0.69 0.49 40.00 0.50 1.32 1.85 0.46 0.79 0.51 0.24 3.80
Intercept Coefficient, k 0.457 0.457 0.620 0.620 0.620 0.620 0.457 0.620 0.620 0.620 0.620 0.619 0.619 0.619 0.619
avg velocity, ft/s 4.23 1.68 2.23 2.37 1.69 1.43 9.48 1.44 2.34 2.77 1.39 1.80 1.44 0.99 3.96
Tt, min 0.35 3.98 3.74 7.80 5.75 2.02 0.04 2.32 1.62 0.16 8.23 1.17 2.85 0.71 0.76
Shallow Concentrated

length, ft

dz, ft

slope

Intercept Coefficient, k

avg velocity, ft/s

Tt, min

Channel flow GRASS SWALE STORM SEWER STORM SEWER STORM SEWER GRASS SWALE STORM SEWER STORM SEWER STORM SEWER |STORM SEWER |STORM SEWER |STORM SEWER
side slope, X:1 4.00 3.00

side slope, X:1 3.00 3.00

bank full depth, ft 0.60 flowing full flowing full flowing full 0.60 flowing full flowing full flowing full flowing full flowing full flowing full
dz, ft 2.00 20.00 12.00 27.00 0.41

length, ft 44.00 444.00 458.00 452.00 170.00 338.00 470.00 610.00 605.00 547.00 428.00
manning's, n 0.070 0.015 0.015 0.015 0.040 0.015 0.015 0.015 0.015 0.015 0.015
cross-sectional area, ft* 1.26 18 in average 12 in average 18 in average 1.08 15 in average 15 in average 18 in average 18 in average 24 in average 12in
wetted perimeter, ft 4.37 3.79

hydraulic radius, ft 0.29 0.28

slope ft/ft 0.05 0.05 0.03 0.06 0.0024 1.00 1.00 0.01 0.01 0.03 0.06
velocity, ft/s 1.98 11.20 13.20 12.00 0.79 4.00 4.00 3.58 3.58 11.00 9.00
Tt, min 0.37 0.66 0.58 0.63 3.59 141 1.96 2.84 2.82 0.83 0.79
Total Tc, minimum 3 minute 3.72 5.88 6.65 10.80 8.65 4.58 7.04 5.80 5.11 4.07 11.62 7.61 8.33 5.89 271
Area, acres 0.75 1.76 2.89 1.45 2.99 0.25 0.39 0.85 1.21 3.20 3.70 2.54 2.03 3.29 0.70

C weighted 0.57 0.70 0.78 0.85 0.88 0.90 0.81 0.83 0.85 0.74 0.66 0.86 0.82 0.85 0.83
Intesities, in/hr NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD
15 5.83 5.30 5.11 4.17 4.62 5.62 5.02 5.32 5.49 5.75 4.04 4.88 4.70 6.04 6.01
110 6.68 6.04 5.81 4.70 5.23 6.42 5.70 6.06 6.27 6.57 4.55 5.53 5.32 6.91 6.89
125 7.62 6.91 6.65 5.39 6.00 7.34 7.04 6.94 7.16 7.51 5.22 6.34 6.10 7.63 7.86
Flows, cfs - NEORSD

Q5 2.50 6.52 11.48 5.14 12.10 1.27 1.58 3.75 5.65 13.66 9.88 10.72 7.80 16.87 3.51
Q10 2.86 7.43 13.06 5.79 13.70 1.45 1.80 4.27 6.45 15.61 11.13 12.14 8.83 19.29 4.02
Q25 3.26 8.50 14.94 6.64 15.71 1.66 2.22 4.89 7.37 17.85 12.77 13.92 10.12 21.33 4.59

*view pondpack

*view pondpack

*view pondpack

for reduced flows

for reduced flows

for reduced flows
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Table 4 - Pre & Post Flow Calculations

Made by:

(continue)

FINTB

Checked by: BH

11/3/2011

Job Number: 49633

E9th St Pre/Post calcs taken from Bridge 7 and 8 Drainage Report

CB INLET 13423 POST

[Analysis Condition UK PRE UK POST CB INLET 13487 PRE CB INLET 13487 POST CB INLET 13423 PRE CB INLET 13423 POST BIDIRECTIONAL
Outfall Name

Sheetflow Pavement Pavement Pavement Pavement Pavement Pavement Pavement
Runoff Coeffiecient 0.900 0.900 0.900 0.900 0.900 0.900 0.900
length, ft (<100) 240.000 240.000 225.000 170.000 78.000 225.000 360.000
dz, ft 3.000 3.000 4.000 1.750 3.000 4.000 6.000
slope 0.013 0.013 0.018 0.010 0.038 0.018 0.017
Tt, min 5.177 5.177 4.458 4.649 2.029 4.458 5.761
Sheetflow GRASS

Runoff Coeffiecient 0.900

length, ft (<100) 12.000

dz, ft 2.000

slope 0.167

Tt, min 0.488

Shallow Concentrated

length, ft

dz, ft

slope

Intercept Coefficient, k

avg velocity, ft/s

Tt, min

Shallow Concentrated

length, ft

dz, ft

slope

Intercept Coefficient, k

avg velocity, ft/s

Tt, min

Channel flow GUTTER GUTTER GUTTER GRASS SWALE GUTTER

side slope, X:1 0.010 0.010 0.010 6.000 0.010

side slope, X:1 62.500 62.500 25.000 3.000 25.000

bank full depth, ft 0.120 0.120 0.200 0.250 0.200

dz, ft 0.750 0.750 1.500 15.000 3.400

length, ft 45.000 45.000 71.000 128.000 192.000

manning's, n 0.015 0.015 0.015 0.040 0.015

cross-sectional area, ff 0.450 0.450 0.500 0.281 0.500

wetted peril L ft 7.621 7.621 5.204 2311 5.204

hydraulic radius, ft 0.059 0.059 0.096 0.122 0.096

slope 0.017 0.017 0.021 0.117 0.018

velocity, ft/s 1.945 1.945 3.030 3.131 2774

Tt, min 0.386 0.386 0.391 0.681 1.154

Channel flow CONCRETE SWALE CONCRETE SWALE GRASS SWALE GRASS SWALE PIPE FLOW PIPE FLOW
side slope, X:1 4.000 4.000

side slope, X:1 4.000 4.000 4.000 4.000

bank full depth, ft 1.000 1.000 1.000 1.000 1.250 1.250
dz, ft 1.000 1.000 0.650 1.050 19.000 19.000
length, ft 77.000 77.000 140.000 206.000 73.000 73.000
manning's, n 0.015 0.015 0.040 0.040 0.015 0.015
cross-sectional area, ff 3.000 3.000 4.000 4.000

wetted peril L ft 6.359 6.359 8.246 8.246

hydraulic radius, ft 0.472 0.472 0.485 0.485

slope 0.013 0.013 0.005 0.005 0.260 0.260
velocity, ft/s 6.860 6.860 1.567 1.642 30.000 30.000
Tt, min 0.187 0.187 1.489 2.091 0.041 0.041
Channel flow GRASS SWALE GRASS SWALE

side slope, X:1 4.000 4.000

side slope, X:1 4.000 4.000

bank full depth, ft 1.000 1.000

dz, ft 1.750 1.750

length, ft 76.000 76.000

manning's, n 0.040 0.040

cross-sectional area, ff 4.000 4.000

wetted peril L ft 8.246 8.246

hydraulic radius, ft 0.485 0.485

slope 0.023 0.023

velocity, ft/s 3.490 3.490

Tt, min 0.363 0.363

Total Tc, min 6.1 6.1 6.3 6.7 3.2 5.7 5.8
Area, acres 1.080 0.980 0.918 0.527 0.560 0.910 1.100
C weighted 0.60 0.86 0.79 0.70 0.80 0.84 0.85
Intesities, in/hr NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD NEORSD
15 5.249 5.249 5.200 5.102 5.961 5.348 5.323
110 5.977 5.977 5.918 5.800 6.831 6.094 6.065
125 6.837 6.837 6.771 6.639 7.794 6.969 6.936
Flows, cfs

Q5 3.4 4.4 3.7 1.9 27 4.1 5.0
Q10 3.9 5.0 43 21 3.1 4.6 5.7
Q25 4.4 5.8 4.9 24 35 53 6.5
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Cleveland Innerbelt Bridge
Gateway Roadway Package

DRAINAGE DESIGN REPORT

APPENDIX A

CLEVELAND'S

—
VOHIO:DEPARTMENT OF
I TRANSPORTATION




Form LD-35
Revised January 2006

GENERAL PROJECT INFORMATION

CuYy 14.90
County Section
Attach Typical Section)
AFFECTED ROADWAYS: Route Average Rural / Urban
Daily Traffic
1-90 Innerbelt 71,000 Urban Interstate
INTERSTATE OR OTHER L/A FACILITIES Bridge
Orange Ave 23,300 Urban Arterial
Fairfield Ave 1,500 Urban Collector
Abbey Ave 1,200 Urban Collector
Canal Rd -- Urban Collector
Ontario St 33,200 Urban Arterial
Carnegie Ave 24,000 Urban Arterial
E. 9" St 32,300/3,600  Urban Arterial Under 1-90,
Future Urban Collector
ARTERIALS AND COLLECTORS (extension)
Broadway 12,400 Urban Arterial
E. 14" St 19,100 Urban Arterial, Future
Urban Collector
(extension)
W. 14" St 3,600 Urban Collector
(extension)
W. 13" St 8,700 Urban Collector
Starkweather Ave 2,000 Urban Local
Kenilworth Ave 2,000* Urban Local
Central Viaduct 1,000" Urban Local
Way
LOCALS Commercial Rd 1,000* Urban Collector, Future
Urban Local (realigned
portion)
See L&D Manual,
Vol. 1, Section
CLEAR ZONE 600.2

! Estimate made by comparing to similar nearby roadways and considering the traffic that feeds the roadway.

All Units are English:

PIPE POLICY:

The Pipe Policy of ODOT and the City of Cleveland will be used for this project. (See Section 1002 for additional

information)

If a policy other than ODOT’s is being used, the following material types are permitted:

For drainage conduit owned and maintained by the city of Cleveland:

1. Use Vitrified Clay Pipe (VCP), Extra Strength (ES), C-700, with premium joints, ODOT item 706.08 for

all proposed main sewer pipe 18” and smaller.




2. Use Reinforced Concrete Pipe (RCP) with premium joints, ODOT Item 706.02 for all proposed main sewer
pipe 21” and larger.

3. Ductile Iron Pipe (DIP) may be used if approved by the WPC engineer.

(Please attach a copy of the written pipe policy. In lieu of a written policy, documentation of locally funded
construction practices may be provided)
See Attachment A.

POST CONSTRUCTION BMP POLICY:
The Post Construction BMP Policy of ODOT will be used for this project.

If a policy other than ODOT’s is being used, the following BMP’s are permitted:

PROJECT SPECIFIC INFORMATION AFFECTING DRAINAGE:

See Attachment B - Project Scope, Central Viaduct, CUY-90-14.90, Innerbelt Bridge, Section 13, Drainage

Section A. Roadway Culverts (Type A Conduits)

1. DESIGN STORM FREQUENCY (1004.2):
a. Mainline 50- Year
b. Crossroads 10- Year
2. BANKFULL DESIGN  Yes No (Circle yes if at least one culvert has bankfull design) attach a

list of culverts with bankfull designs ~ Culvert across driveway entrance on south side of proposed E. 9"
Street extension.

3. FLOOD PLAIN CULVERT(S) NEEDED? Yes No (Circle yes if at least one culvert has flood
plain culverts) attach a list of culverts with flood plain culverts

4, DURABILITY SERVICE LIFE 50 Year attach a list of culverts with their durability
service life if multiple culverts have different frequencies.

5. ABRASIVE SITE? Yes No (Circle yes if at least one culvert has an abrasive site) attach a
list of culverts with their abrasive site assumptions if multiple culverts are different

6. MAXIMUM ALLOWABLE HEADWATER FOR DESIGN STORM (1006.2):

a. 2 feet below the near, low edge of the pavement for drainage areas 1000 acres or greater and 1 foot
below for culverts draining less than 1000 acres.

b. 2 feet above the inlet crown of the culvert or above a tailwater elevation that submerges the inlet crown
in flat to rolling terrain.

c. 4 feet above the inlet crown of a culvert in a deep ravine.

d. 1 foot below the near edge of pavement for bicycle pathways.

7. METHOD USED TO ESTIMATE DESIGN DISCHARGE (Q) (1003):



8.

9.

For rural streams, use USGS Water Resources Investigations Report 89-4126 “Technigues for
Estimating Flood-Peak Discharges of Rural Unrequlated Streams in Ohio”.

For urban streams, use USGS Open File Report 93-135 “Estimation of Peak-Frequency Relations,
Flood Hydrographs, and Volume-Duration—-Frequency Relations of Ungaged Small Urban Streams in
Ohio”.

SCALE OF TOPOGRAPHIC MAPPING USED TO DELINEATE DRAINAGE AREAS (1101.1):

a.

b.

>100 acres: 1” =2000’

< 100 acres: 1” =50 to 800’

MANNING’S “n” USED FOR (1105.6.5):

a.

b.

Smooth pipe  0.012

Corrugated pipe:

2-%15" X My Full flow 0.0225-0.0250
3"x 1™ Full flow —0.0260-0.0281
6" x 2™ Full flow —06-0300-0-0332—

Section A. Roadway Culverts - Continued

10.

11.

12.

13.

ENTRANCE LOSS COEFFICIENT (k) (1105.6.6, table 1105-1):

a.

b.

d.

Corrugated pipe: HW-4 Headwall _0.90 Full Headwall 0.25"
Smooth Concrete pipe HW-4 Headwall _0.20 Full Headwall 0.20
Box Shape Full Headwall *with beveled entrance

MINIMUM COVER (top of pipe to subgrade) FOR (1008):

a.

b.

Rigid pipe 9~

Flexible pipe 12~

MAXIMUM COVER FOR (1008):

a.

b.

Rigid pipe See Figures 1008-10 to 1008-14, L&D Vol.2

Flexible pipe _Thermoplastic - 20"; Corrugated Steel — See Figures 1008-1 - 1008-9 and 1008-15
—1008-21

MAXIMUM ALLOWABLE CULVERT OUTLET VELOCITY (1002.2.2) :

a.

b.

C.

Bare earth channel 5 fps
Rock channel protection 20 fps

Use _energy dissipator for velocities in excess of 20 f.p.s.




14,

15.

16.

HEADWALL TYPE (1106.2):

a. Half-Height Headwall — Std Dwg HW-2.1 and 2.2

b. Full-Height Headwall — Std Dwg HW-1.1

c. Concrete Apron — provide special detail drawing

CONTACT WILL BE MADE WITH COUNTY ENGINEER TO ESTABLISH:

a. Contact shall be made with the County Engineer at the beginning of the design process to
ascertain ditch cleanout grades and watersheds, and the design shall be based on that information.

b. Form LD-33 (available in the L&D, Vol 2, Appendix) shall be used to document approval.
MINIMUM PIPE SIZE (1002.3.1, Figure 1002-1) :
a. Freeway or limited access facility 24”

b. Other highways 15"

Section B. Storm Sewers (Type B & C Conduits)

1.

2.

DESIGN FREQUENCY (Just Full) (1104.4.1) - 10-year, ODOT and City

HYDRAULIC GRADIENT SHALL NOT EXCEED (1104.4.2):

a. 12 inches below edge of pavement for 25- year frequency storm (ODOT only).
b. Pavement catch basin grate or lip of inlet for 25- year frequency storm (ODOT only).
C. A point in a depressed pavement sag that would result in an impassible highway for a 50- year

frequency storm (ODOT only).

d. Other: Storm sewers for all highways shall satisfy a 50-yr check to preclude flooding of buildings
or extensive flooding of private property. One-directional lane of a multiple-lane highway or one-
half of a lane on a two-lane highway shall be passable when the sewer system is discharging the

50-year storm.

e. The above is based on:
i A pipe roughness “n” = 0.015 for pipe sizes 60" and under and 0.013 for larger sizes.

METHOD USED TO ESTIMATE DESIGN DISCHARGE (Q) (1003):

a. Rational Method for pavement drainage, storm sewer and ditches.

i Use ODOT rainfall data for design of pavement drainage and storm sewers.

ii. Use NEORSD rainfall data to compute discharge rates to the existing combined sewer system
(Attachment C).

b. TR-55 for detention analysis.

i Use ODOT rainfall data for detention facilities discharging to surface waters.



ii. Use NEORSD rainfall data for detention facilities discharging to the combined sewer system.

4. COEFFICIENT OF RUNOFF “C” FOR (1101.2.3):
a. Pavement and paved shoulders 0.9
b. Berms and slopes (4:1 and flatter) 0.5
c. Berms and slopes (steeper than 4:1) 0.7
d. Contributing areas:

Residential 0.3 — 0.5 (single family), 0.4-0.7(multi-family) = Woods 0.3 Cultivated 0.3-0.6
Grassed Terrace (adjacent to sidewalks) 0.30

5. METHOD USED TO DETERMINE TIME TO FIRST CATCH BASIN OR PAVEMENT INLET
(1101.2):

a. The summation of the time of overland flow, the time of shallow concentrated flow and the time of
pipe or open channel flow.

6. MINIMUM TIME TO (1104.4.4):
a. Ditch catch basin 15 minutes
b. Pavement inlet or catch basin 10 minutes
c. When connecting to combined sewer, actual Tc calculated for pre/post flow analysis.

Section B. Storm Sewers (Type B & C Conduits) - Continued
7. MINIMUM COVER OVER SEWERS (1104.2.1): (see Attachment B)
a. Rigid pipe:

i Type B conduit (under pavement or paved shoulder) 9” (top of pipe to subgrade). In no
installation shall the distance from the top of pipe to pavement surface be <15”.

ii. Type C conduit (beyond pavement or paved shoulder) 18” (top of pipe to finish grade)

b. Flexible pipe:

i Type B conduit (under pavement or paved shoulder) 12” (top of pipe to subgrade). In no
installation shall the distance from the top of pipe to pavement surface be <24”.

ii. Type C conduit (beyond pavement or paved shoulder) 24” (top of pipe to finish grade)

C. City requirement: 3 feet for all main sewers
8. DESIRABLE MINIMUM VELOCITY FOR DESIGN FLOW 3 f.p.s (1104.2.1). City sewers 3 f.p.s.
9. MAXIMUM LENGTH BETWEEN MANHOLES OR SUITABLE CLEANOUT POINTS (1104.2.2) :
a. ODOT: Under 36"diameter — 300" _ City: Under 42” diameter - 300’
b. ODOT: 36" - 60" diameter - 500" City: 42" diameter and larger — 500’

C. ODOT: Over 60" diameter - 750-1000’



10.

11.

MINIMUM PIPE SIZE UNDER PAVEMENT (1104.4.6):

a. Freeway or limited access facility 15 inches
d. Other highways 12 inches
e. City storm sewer pipe: 12 inches

PROCEDURE TO FOLLOW WHEN EXISTING PRIVATE DRAINS ARE CUT BY PROPOSED

SEWERS OR DITCHES: Connect through the curb or into a drainage structure as per general note in

construction plans.

Section C. Roadway Ditches

1.

METHOD USED TO ESTIMATE DESIGN DISCHARGE (Q) (1003):
a. Rational Method
b.

DESIGN FREQUENCY TO DETERMINE (1102.3.1 or 1102.4):

ADT >2000:

a. Depth of flow determination 10- year

b. Shear Stress determination (for protection and width of protection) 5- year
ADT <2000:

c. Depth of flow determination 5- year

d. Shear Stress determination (for protection and width of protection) 2- year

METHOD USED TO DETERMINE TIME OF FLOW TO DITCH (1101.2):

The summation of the time of overland flow, the time of shallow concentrated flow and the time of pipe or

open channel flow.

ALLOWABLE SHEAR STRESS FOR DITCH LINING (1102.3):

Permanent Ditch Protection:

a. Seed lining 0.40 psf.

b. Sod or other temporary ditch protection 1.0 psf.
c. Turf Reinforcing Mat (SS836), Type 1 2.00 psf.
d. Turf Reinforcing Mat (SS836), Type 2 3.00 psf.
e. Turf Reinforcing Mat (SS836), Type 3 5.00 psf.
f. RCP, Type B 6 psf.

g. RCP, Type C 4 psf.



h. RCP, Type D 2 psf.

Temporary Ditch Protection (Item 670):

a. Mat, Type A 1.25 psf.
b. Mat, Type B 1.50 psf.
c. Mat, Type C 2.00 psf.
d. Mat, Type E 2.25 psf.
e. Mat, Type F 0.45 psf.

Section C. Roadway Ditches - Continued
f. Mat, Type G 1.75 psf.

Tied Concrete Block Mat (Item 601)

a. Type 1 3 psf.
b. Type 2 5 psf.
c. Type3 7 psf.

MANNING’S “n” USED FOR (1102.3):

a. Seed lining 0.03

b. Sod, jute, or other temporary linings 0.04

C. Turf reinforcing mats 0.04

d. Tied Concrete Block Matting 0.03

e. Rock channel protection 0.06 for ditches, 0.04 for large channels

DITCH CONFIGURATION (1102.2):

a. Std roadside ditch radius for roadway, with 12- inch minimum depth
b. Trapezoidal for toe of embankment, with 12- inch minimum depth

TYPE OF DITCH CATCH BASIN (1102.3.4):

a. ODOT Std No.2-2A and B, No.2-3, No.2-4, No.2-5, No.2-6, No.4, No.5, No.8 and side ditch inlets

MINIMUM LONGITUDINAL SLOPE OF DITCHES IN CUT SECTIONS (1102.1):

a. 0.50% desirable minimum

b. 0.25% absolute minimum

METHOD USED TO LOCATE EXISTING FARM TILE CROSSED BY HIGHWAYS?



a. Contact the appropriate County Engineer’s office for assistance in locating existing farm tile.

b. Through field observations.
Section C. Roadway Ditches — Continued

10. MINIMUM WIDTH OF DITCH LININGS (1102.3.1) :

a. Sod 7.5 ft.
b. Temporary linings 7.5 ft.
C. Turf reinforcing mats 7.5 ft.

11. DESIGN FREQUENCY DEPTH SHALL NOT EXCEED (1102.3.1):

a. Anelevation 1 foot below edge of pavement for the design discharge.

b. The depth of flow in toe of slope ditches shall be limited such that the design year discharge does not
overtop the ditch bank.

Section D. Median Ditches NA

1. DITCH CONFIGURATIONS (1102.3):

a. Depressed

b. Type of barrier
2. WIDTH BETWEEN PAVEMENT EDGES ft.
3. ALLOWABLE SHEAR STRESS FOR DITCH LINING (1102.3):

Permanent Ditch Protection:

a. Seed lining psf.

i Sod or other temporary ditch protection psf.
J- Turf Reinforcing Mat (SS836), Type 1 psf.
k. Turf Reinforcing Mat (SS836), Type 2 psf.
I Turf Reinforcing Mat (SS836), Type 3 psf.

Temporary Ditch Protection (Item 670):

d. Mat, Type A psf.
e. Mat, Type B psf.
f. Mat, Type C psf.
g. Mat, Type E psf.
h. Mat, Type F psf.
i Mat, Type G psf.

Tied Concrete Block Mat (Item 601)



a. Typel psf.
b. Type 2 psf.

c. Type 3 psf.

METHOD USED TO ESTIMATE DESIGN DISCHARGE (Q) (1101.2):
a.

CATCH BASIN SPACING WILL BE DETERMINED BY HYDRAULIC ANALYSIS USING (1102.3.4):

a. year frequency and “n” = for velocity
b. year frequency and “n” = for depth
C. Controls:
i Design frequency depth shall not exceed:

@)

2
d. Catch basin spacing, depressed median, fill section:

Median Width 84' 60' 40'

i. Desirable maximum

ii. Absolute maximum

TYPE OF MEDIAN CATCH BASIN OR INLET (1102.3.4):

a.

MINIMUM LONGITUDINAL SLOPE OF DEPRESSED EARTH MEDIAN:

Section E. Drainage for Curbed Pavements

1.

CONTROLS FOR THE DETERMINATION OF INLET OR CATCH BASIN SPACING (1103):

a. Design storm frequency: 10- year ODOT, 5-year ADT Urban >9000, other 2-year

b. Check storm frequency: 50- year for freeways, high volume highways and high volume City
streets; 25- year for other multi-lane highways and City streets (for underpasses or depressed
roadways where the storm sewer is the only outlet)

c. METHOD USED TO DETERMINE TIME TO FIRST CATCH BASIN OR PAVEMENT
INLET:

i. The summation of the time of overland flow, the time of shallow concentrated flow and the
time of pipe or open channel flow.

ii. Absolute minimum time of concentration of 10 minutes




d. Maximum spread of flow into traveled lane (use ODOT L&D Manual Table 1103-1 and ADT):
i Freeways 0O ft
ii. 2-lane City Streets 6 ft
iii. 4-lane City Streets 8 ft
Outside lane width greater than 12 feet___ 0 ft. (freeways)

Total allowable spread on pavement shoulder width ft. (freeways, see Table 1103-1 for other

highway types)

e. Maximum depth of flow at curb 1 in below top of curb for the design discharge, 5 in max. depth.
6- in max. along barrier wall ODOT.

f. Manning’s “n” for:
i. Reinforced concrete pavement 0.015
ii. Asphaltic concrete pavement 0.015
iii. Paved shoulders 0.015
TYPE OF INLET OR CATCH BASIN PROPOSED FOR (1103):

a. Continuous grades ODOT Std 6° pavement inlet or CB No.3A. City CB-1 on city streets.

c. Sags ODOT Std CB No.3. For drives, Std No.6 with flanking No.3A catch basins - see 1103.7.
City sags use a CB-3(single CB-1 adjacent a IB-1)

INLET LIP OF CURB OPENING INLET WILL BE DEPRESSED 2.0 INCHES BELOW
NORMAL GUTTER.

a. A local depression of 0.5 inches will be used to determine spacing of combination grate
and curb opening catch basins for a curb pavement section.

b. A local depression of 0.0 inches will be used to determine spacing of combination grate
and curb opening catch basins for a combination curb and gutter section.

BRIDGE DECK DRAINAGE

a. The design frequency of bridge deck drainage in the Scope of Work (14.2.4) and the L&D was
intended to be the 10-year event for the Interim and Future condition and a 2-year event for the Bi-
Directional Condition. Due to the poor condition of the deck on several existing bridges, these
bridge decks or bridge superstructures will be replaced now. When Innerbelt Contract CCG-3 is
constructed these bridges will be completely replaced or will no longer be needed. In an attempt
to reduce the number of scuppers on bridges in accordance with ODOT’s L&D Section 1103.1, it
was agreed to use the 2-year storm for the design frequency for the re-decked bridges. That
requirement is to confine the 2-year design storm to the Interim Condition shoulder width, and
limit the extent to which the 10-year storm spread exceeds the shoulder width.



Attachment C — NEORSD Rainfall Data
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Request for Connection Approval December 6, 2010

1.0 Purpose

The Title IV Combined Sewer Code of the Northeast Ohio Regional Sewer District (NEORSD) provides
the NEORSD with the authority to control combined sewer overflows (CSOs) from the combined sewer
system and control peak flows from local combined sewer systems at the point.of connection into sewers
owned by the NEORSD or member community. Therefore, the NEORSD has the authority to review all
requests for connection approval to the combined sewer system.

The purpose of this document is fo provide guidance to landowner, developers, and design engineers
interested in developing land in the combined sewer service area and provide a uniform process for
submitting construction plans to the NEORSD for review and approval. Design standards and criteria are
also provided for use in developing stormwater management systems for sites where a connection is
requested to be made to an existing combined sewer or CSO pip

2.0 Procedures for Submittal and Review
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encouraged to contaetthe NEORSD early in the design phase to determine whether the sife is
located in a critical area of the combined sewer system and subject to stricter design criteria.

e Construction plans showing the layout of the area intended to be developed shall be submitted to
the NEORSD by the Designer. The plans shall be prepared under the direction of and sealed by
a registered professional engineer.

« The NEORSD will review the plans for adequacy of stormwater management design to ensure
that the proposed stormwater drainage system has the capacity to handle all contributing flow
without diminution of the existing level of service in the combined sewer system.

Submittal Guidelines for Review and Approval Page 1 of 5



Request for Cennection Approval December 6, 2010

2.2 Submittal Requirements
A complete submittal package should include and clearly state, at minimum, the foliowing:

1. Stormwater criteria and design standards used if other than the NEORSD Title 1V Code of
Regulation..

2. Site map(s) of showing project site location, total drainage area, land use/cover, amount of
impervious area and longest flow paths for existing and proposed conditions.

3. Detailed topographical map showing existing topography and proposed grades of the entire area,
as well as the topography of all adjacent property to the extent that off-site contributing flow can
be determined. All off-site contributing flow must be accommodated. All existing watercourses,
lakes, wetlands and floodpiain (if applicabie} should also be ingluded on the map. Please specify
the horizontal and vertical nationa! datum used. .

4. Location, size, and type of all existing storm sewers, chal
upstream and downstream of project area.

5. Location, size, and type of proposed storm sewers
of the site’'s stormwater management design.

6. Plans, cross-section views and details of all
then as-built information must be provided
plans.

7. Plans and details of the soil erosion and s
measures are temporary or permanent and {
measures. o

. and/or structures located

S
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The design criteria ;‘S‘\“E\g\%\g@%neen g standards set forth herein are intended to guide designers to develop

3.0

a stormwater manageme‘s@g\gs ef @Et controls the quantity and quality of the stormwater discharge for a
development site. The inte‘r@x ainage for a site as well as the downstream conditions will be reviewed.

e

Every site is part of an overalfwatershed and the system should be designed with this in mind. The
system should conform to natural drainage patterns both on and off-site. These standards are the
minimum requirements of the NEORSD and should not be construed as all-inclusive. The design
engineer should consider many factors when planning the stormwater management system. in particular,
Federal, State, and Local standards may be more strict than these standards. In the case where
conflicting standards arise, the more stringent requirement will govern. Exceptions will be considered
when conforming to a local community stormwater criteria or standard is required.

31 Title IV Design Criteria

The design criteria specified in the Title IV Combined Sewer Code of the NEORSD are outiined below
based on the type of sewer that will be connected to (i.e., combined sewer or CSO pipe):
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1. For connections to the combined sewer system, storage volume shall be provided based on the
5-year event using a maximum release rate as defined in section 3.4. For larger, less frequent
design events greater than the 5-year event, the maximum release rate shall be defined as the

existing conditions peak discharge of the corresponding storm frequency evaluated for post-
development conditions.

2. For connections to a CSO pipe, directly or via a separated storm sewer, treatment of stormwater
runoff shall be handled in accordance with Part il.G.2.e of the Ohio EPA’s General Construction
Permit OHCO00003. It should be noted, however, that the NEORSD will only accept stormwater
management designs that provide water quality treatment for 100% of the project area whether
the project is considered a redevelopment project or not. Post-development peak flows shall not
exceed existing conditions peak flows up to the 25-year de Sit

requirements will govemn.
3.2 Rainfall Intensity-Duration-Frequenc
Rainfall intensity-duration-frequency (IDF) estimates proy in A : used to the design

£ estimates may betised if required by
another Federal, State, or local standard apg ment site. if a different rainfall IDF

source is used to support the stormwaterdesign ther Federal, State or local authority, it
should be clearly documented in the submittal packa
\i\&\\\{\f\-‘\%\ 53
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e
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approval. |n:Additio:

L

Typically th;\\z maximum release \f}%}%l\s defined as the existing conditions 6-month, 24-hour peak flow.

-1 us%\\iyhere a moﬁ%ﬁgstrictive allowable discharge rate is required due to downstream
capacity issues. \nf\\,\;s.situation, th gesigner will be required to incorporate a more restrictive release
rate criterion into the st agement design to protect existing connections by avoiding the
nd/or increase in CSO volume. The designer is encouraged {o
¢ whether the development site is located in a critical area of the

V bject to stricter release rate limits.

floodi
.

contact the NEORSD to de el
combined sewer system that’

NOTE: Stormwater Design Discussion Group intends to replace the 8-month, 24-hour criteria with a
figure/map that would show release rates based on CSO tributary areas.

3.5  Stormwater Storage Requirements

There are no NEORSD restrictions on the type of engineering methodology or software that the designer
may use to quantify required storage volume at this time. Itis the responsibility of the designer to select
an appropriate methodology for site design. Supporting documentation, clearly stating the methodology,
assumptions, parameters, and computations must be submitted for review and approval.’ Documentation
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with supporting calculation on the maximum allowable discharge used o determine the required storage
volume must be clearly stated and provided for review and approval.

3.6 Stormwater Convevance

There are no NEORSD restrictions on the type of engineering methodology or software that the designer
may use to size the stormwater conveyance system at this time. It is the responsibility of the designer to
select an appropriate methodology for site design. Supporting documentation, clearly stating the
methodology, assumptions, parameters, and computations must be submitted for review and approval.

3.7 Physical Connection

The following general conditions are required by the NEORSD re
of its facilities pending approval of all connection requests.

g the physical connection to one

Connections to existing laterals

e The existing laterals to be used shall be in
be submitted to the NEORSD for review &
review of the videotape by the NEORSD, if t

e
0

%repair and a copy of the video shall be
‘the connection being made. All

g\!ateral and encase the

il
A 4

i .. ’ng@»\
nt from either the up .%\l;;‘a

me fe he downstream manhole and extending a
tth\e\c'@‘% :\&ection point.iThe former shall be submitted fo the NEORSD for
a en%ﬁ%%@\of work. _
. de thr\g\%\x\\a properly sized cored hole. If the connection is to a

then the lateral shall be concreted to the sewer using a

“by wrapping a waterstop material such as Volclay RX101 or equal
around the lateraiwi 2) wraps minimum in accordance with the attached detail. If waterstop
material is used, ar space between the sewer wall and lateral shall be filled with
hydraulic cement. Either type of connection shall then be encased in concrete. The owner shall
warrant that the connection will be watertight for a period of one year.

The following conditions apply to either the use of an existing lateral or the construction of a new lateral.

e The owner shall warrant that the connection will be watertight for a period of one year.

e The contractor is responsible for any and all damage to the interceptor as determined by the
NEQORSD.

« The contractor shall prevent any debris from entering the sewer. Any debris entering the sewer
shall be removed by the contractor.
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e The contractor is responsible for obtaining any and all permits required for the work.
e A 72-hour notice shall be provided to Mr. Lyle Plummer or Mr. Brian Stapleton (216-641-6000) to
schedule a NEQORSD inspector for the connection.
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APPENDIX A
Table A-1. Rainfall Depth-Duration.
Te Rainfall Depth {in)

(min} | 5 Month | 3-Month | 4-Month | 6-Month | 9-Month | 1-Year | 2-Year | 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
5 0.13 0.15 0.17 0.19 0.22 0.32 0.39 0.46 0.53 0.80 0.67 0.73
10 0.24 0.28 0.30 0.35 0.40 0.50 0.60 0.72 0.21 0.93 101 1.10
i5 0.30 0.35 0.38 0.45 0.51 0.61 0.74 0.88 1.00 114 1.25 1.36
20 0.34 0.39 .43 0.50 0.57 0.68 0.82 0.99 1.12 1.29 1.42 1.56
25 0.37 0.44 0.47 0.56 0.63 0.74 0.90 : 1.25 1.45 1.60 1.7g]
30 041 0.48 0.52 0.61 0.69 0.81 0.98 138 161 1.78 196
35 043 0.50 0.55 0.64 0.72 .84 1.44 1.69 187 2.07
40 0.45 0.52 0.57 0.67 0.75 0.87 151 177 197 218
45 0.47 0.55 {.60 0.70 0.79 1.57 1.85 2.06 2.29
SG .49 0.57 0.62 0.72 0.82 216 2.40
55 0.51 0.59 0.65 0.75¢ 0.85 2.25 251
&0 0.53 0.61 0.67 0.78 0.88 235 2.62
65 0.54 0.62 0.68 .80 .90 2.39 2.67
70 0.55 0.64 0.70 2.43 272
75 0.56 0.65 071 2.47) 2.76
80 0.57 0.66 0.72 2.51 2.81
a5 0.58 0.67 .74 2.55 2.86
90 0.59 0.69 0.75 2.59 291
95 0.60 2.63 2.95
100 0.61 2.67 3.00
105 0.62 271 3.05
110 0.63 275 3.10
1i5 2,759 3.14
120 2.83 3.19
130 3.06 3.48
360 3.70 4,25
720 4,17 4.79

- 1440 4.66 5.28

directly from rainfall atlas references. Rainfall estimates for 2-

re taken from the lllinois State Water Survey’s Rainfall Frequency
uff and Angel dated 1992. Rainfall estimates for the 1-year through
100-year frequencies are 1 average estimates obtained from the NOAA Atlas 14 website
(http://hdsc.nws.noaa.gov/hdselpids/orb/oh_pfds html). Two observation sites (Cleveland WSO AP 33-
1657 and Cleveland Easterly 33-1651) were used to develop the average estimates shown in the table

above. Non-bolded numbers were derived by means of linear interpretation between the two rainfall atlas
references for estimates. '

Allas of the Midwest (B
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Table A-2. Rainfall Intensity-Duration.

December 6, 2010

Te Rainfall Intensity {in/hr)

(min) | > panth|3-Month | 4-Month | 6-Month | 9-Month | 1-Year | 2-Year | 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
5 1.56 1.80 2.04! 2,28 2.64 3.84 4.62 5.52 6.30 7.20 7.98 8.70
10 1.44 1.68 1.80 216 2.40| 3.00 3.60 4.29 4.83 5.55 6.03 6.57
15 1.20 1.40 1.52 1.80 2.04 2.44 2.94 3.52 3.98 4,54 4.98 5.44
20 | 101|118  1.28 1.51 171 2.03 2.45 2.97 3.37 3.88 .27 4.68
25 0.90 145 1.14 1.34 1.51 178 215 2.63 3.00 3.48 3.84 4.22

30 0.82l 096 104 122 1.38 161 1.95 241 276 321 3.56 3.92
35 0.74 0.86 0.93 1.09 124 143 1.74 2,47 2.89 3.21 3.55
40 0.68 0.79 0.86 1.00 113 1.30 1.58 [ 2.26 2.65 2.95 3.27
45 0683} . 073 0,79 0.93 1.05 1.19 2:09 246 275 3.05

50 059 068 0.74 0.87 0.98 111 1.96 231 2.59 2.88
55 0.56 0.64 0.70 0.82 0.93 1.85 219 2.46 274
60 0.53 0.6l 0.67 078 0.88 176 2.09 2.35 2.62)
65 . 0.50 0.57 0.63 0.73 0.83| 2.20 2.46
70 | 047 054 0.60 0.69 0.78 2.08 2.33
75 Q.45 0.52 0.57 0.66 0.75 1.97 221
80 0.43 0.50 0.54 1.88 211
25 0.41 0.47 0.52 1.80 202
90 0.39 0.46 0.50 1.27 1.52 172 1.94
95 038 044 0.48| 122 1.46 1.66 1.86
100 0.37 0.43 1.17 141 160 1.80
105 0.35 113 1.36 1.55 1.74
113 0.34 1.09 131 1.50 1.69
115 0.33 1.06 1.27 1.45 1.64
120 1.03 1.24 1.4 1.60
180 0.74 0.89 1.02 116
360 0.43 0.53 0.62 - 071
720 0.25 0.30 0.35 0.40
144G 014 0.17 0.19 0.22

Submittal Guidelines for Review and Approval
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Cleveland Innerbelt Bridge
Gateway Roadway Package

DRAINAGE DESIGN REPORT

APPENDIX B

CLEVELAND'S

—
VOHIO:DEPARTMENT OF
I TRANSPORTATION




STORM SEWER SYSTEM

PID : 49633 Date : 11/16/2011 Project : CUY-90-14.90 Location : East Bank Outfall, -90 WB 142+14 RT
Description :East Bank Outfall - Water Quality Basin to Cuyahoga River, 1-90 WB 142+14 RT Designer : PNS
Rainfall Area: A Just Full Capacity Frequency (yrs.) : 10 Hydraulic Gradient Frequency (yrs.) : 25
Minimum Pipe Size : 15.00 Tailwater Elevation (ft.): 572.50
JUNCTION STATION AAREA ACA BEGIN RAINFALL DISCHARGE PIPE F/L PIPE MEAN JUST FULL FRICT HYGREL. COVER COVER COVER INLET TYPE
From To From 3AREA 3CA TIME INTENSITY (cfs.) DIAM. LENGTHSLOPE IN/OUT VEL CAPACITY SLOPE IN/OUT IN/OUT MINUS MINUS MANNING'S
To (acres) (min.) (10yrs.)(25yrs.) (10yrs.)(25yrs.)  (in.) (ft.)  (ft./ft.) (ft.) (fps.) (cfs.) (ft./ft.) (ft.) (ft.) HY GR CROWN n'

D1B D1  147+96 0.79 0.71 15.00 420 512 3.0 3.7 18 13.1 0.0137 580.58 5.17 1147 0.0016  581.54 583.98 244 1.90 CB2-3

begin 147+96 0.79 0.71 580.40 581.52  584.00 0.015
D1 D2 147+96 0.30 0.27 15.04 419 4.85 41 438 18  363.6 0.0046 580.40 3.73 6.62 0.0027 581.39  584.00 2.61 210 CB2-3
144433 109 098 578.74 579.91 582.84 0.015

D2B D2 144+33 0.82 074 1500 420 512 31 38 18 133 0.0450  578.84 7.99 20.78 0.0017 579.38  582.84 346 250 CB2-3
begin 144+33 191 1.72 578.24 579.36  582.84 0.015

D2 D3  144+33 0.30 0.27 16.67 397 403 79 80 24 2653 0.0135 577.69 6.60 2453 0.0017  578.51 582.84 4.33 3.15 CB 2-3
141+67 221 1.9 57410 576.23 582.40 0.015

D3B D3 141+67 068 061 15.00 420 512 26 3.1 18 12.8 0.0320 578.11 6.74 17.53 0.0012  578.80 582.01 3.21 2.40 CB 2-3

begin 141+67 2.89 260 577.70 578.79  582.40 0.015
D3 D6 141+67 0.00 0.00 17.34 3.89 4.03 10.1 10.5 24 79.6 0.0009 57410 3.22 6.25 0.0028 576.23  582.40 6.17  6.30 MH 3
140+88 2.89 260 Warning 574.03 576.00  582.48 0.015

D6 D5 140+88 0.00 0.00 2113 347 4.03 9.0 105 24 43.0 0.0035 574.03 4.07 1246 0.0028  576.00 582.48 6.48 6.45 MH 3

140+64 2.89 2.60 573.88 575.88  581.58 0.015
D5 D4 140+64 0.00 0.00 21.34 345 4.03 9.0 105 24  296.0 0.0018 573.88 2.86 9.01 0.0028 575.88  581.58 570  5.70 MH 3
137+82 2.89 260 573.34 57492  579.53 0.015

CDSS 1.0.0.3. 2015-02-09 EAST BANK SS - WQB TO RIVER_142+14 RT_HGL 25 years.xml 1



STORM SEWER SYSTEM

JUNCTION STATION AAREA ACA BEGIN RAINFALL DISCHARGE PIPE F/L PIPE MEAN JUST FULL FRICT HYGR EL. COVER COVER COVER INLET TYPE
From To From ZAREA 3CA TIME INTENSITY (cfs.) DIAM. LENGTHSLOPE IN/OUT VEL CAPACITY SLOPE IN/OUT IN/OUT MINUS MINUS MANNING'S
To (acres) (min.) (10yrs.)(25yrs.) (10yrs.)(25yrs.)  (in.) (ft.)  (ft./ft.) (ft.) (fps.) (cfs.) (ft./ft.) (ft.) (ft.) HY GR CROWN n'

D4A D4  137+82 029 026 1800 3.81 465 10 12 15 11.7 0.0531 576.15 6.24 13.88 0.0005 57641  579.35 294 195 CB23+*
begin 137+82 3.18 2.86 575.53 576.37  579.53 0.015

D4 HW 137+82 0.00 0.00 23.07 329 398 94 114 30 134.7 0.0048 572.84 4.67 26.36 0.0010 574.15 579.53 5.38 4.19 MH 3
final 136+47 318  2.86 572.20 574.01 574.71 0.015

* CB 2-3 is WQB Unit

CDSS 1.0.0.3. 2015-02-09 EAST BANK SS - WQB TO RIVER_142+14 RT_HGL 25 years.xml 2
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STORM SEWER SYSTEM

PID : 49633 Date : 11/16/2011 Project : CUY-90-14.90 Location : East Bank Outfall, -90 WB 142+14 RT
Description :East Bank Outfall - Water Quality Basin to Cuyahoga River, 1-90 WB 142+14 RT Designer : PNS
Rainfall Area: A Just Full Capacity Frequency (yrs.) : 10 Hydraulic Gradient Frequency (yrs.) : 50
Minimum Pipe Size : 15.00 Tailwater Elevation (ft.): 572.50
JUNCTION STATION AAREA ACA BEGIN RAINFALL DISCHARGE PIPE F/L PIPE MEAN JUST FULL FRICT HYGREL. COVER COVER COVER INLET TYPE
From To From SAREA 3CA TIME INTENSITY  (cfs.) DIAM. LENGTHSLOPE IN/OUT VEL CAPACITY SLOPE IN/OUT IN/OUT MINUS MINUS MANNING'S
To (acres) (min.) (toyrs)(50yrs) (10yrs)s0yrs) (i) (ft)  (Ft./ft.) (ft)  (fps.)  (cfs)  (ft/ft)  (ft) (ft)  HY GR CROWN "

D1B D1  147+96 0.79 0.71 15.00 420 548 3.0 39 18 13.1 0.0137 580.58 5.17 1147 0.0018  581.55 583.98 243 1.90 CB2-3

begin 147496 079  0.71 580.40 581.53  584.00 0.015
D1 D2 147+96 030 027 1504 419 517 4.1 51 18  363.6 0.0046  580.40 3.73 6.62 00031 58144 58400 256 210 CB23
144+33 1.09 098 578.74 579.92  582.84 0.015

D2B D2 144+33 0.82 074 1500 420 548 31 40 18 133 0.0450  578.84 7.99 20.78 0.0020 579.40 582.84 344 250 CB2-3
begin 144+33 191 1.72 578.24 579.37  582.84 0.015

D2 D3  144+33 030 0.27 16.67 397 426 79 85 24 2653 0.0135 577.69 6.60 2453 0.0019 578.53 582.84 4.31 3.15 CB 2-3
141+67 221 1.9 57410 576.28 582.40 0.015

D3B D3 141+67 068 061 15.00 420 548 26 34 18 12.8 0.0320 578.11 6.74 17.53 0.0014  578.82 582.01 3.19 2.40 CB 2-3

begin 141+67 2.89 260 577.70 578.80  582.40 0.015
D3 D6 141+67 0.00 0.00 17.34 3.89 4.26 10.1 11.1 24 79.6 0.0009 57410 3.22 6.25 0.0032 576.28  582.40 6.12  6.30 MH 3
140+88 2.89 260 Warning 574.03 576.02  582.48 0.015

D6 D5 140+88 0.00 0.00 2113 347 426 9.0 111 24 43.0 0.0035 574.03 4.07 1246 0.0032 576.02 582.48 6.46 6.45 MH 3

140+64 2.89 2.60 573.88 575.88  581.58 0.015
D5 D4 140+64 0.00 0.00 21.34 345 426 9.0 11.1 24  296.0 0.0018 573.88 2.86 9.01 0.0032 575.88  581.58 570  5.70 MH 3
137+82 2.89 260 573.34 57494  579.53 0.015

CDSS 1.0.0.3. 2015-02-09 EAST BANK SS - WQB TO RIVER_142+14 RT_HGL 50 years.xml 1



STORM SEWER SYSTEM

i

B,

.__.-:-:.; i \.--,}‘::' ’
JUNCTION STATION AAREA ACA BEGIN RAINFALL DISCHARGE PIPE F/L PIPE MEAN JUST FULL FRICT HYGREL. COVER COVER COVER INLET TYPE
From To From YAREA 3CA TIME INTENSITY (cfs.) DIAM. LENGTHSLOPE IN/OUT VEL CAPACITY SLOPE IN/OUT IN/OUT MINUS MINUS MANNING'S

To (acres) (min.) (oyrs)(Soyrs) (toyrs)S0yrs)  (in.)  (ft)  (ft/ft)  (ft)  (fps)  (cfs)  (fu/ft)  (ft.) (ft)  HY GR CROWN "

D4A D4  137+82 029 026 1800 3.81 494 10 13 15 11.7 0.0531 576.15 6.24 13.88 0.0005 57642  579.35 293 195 CB23+#
begin 137+82 3.18 2.86 575.53 576.38  579.53 0.015

D4 HW 137+82 0.00 0.00 23.07 329 421 94 121 30 134.7 0.0048 572.84 4.67 26.36  0.0011 574.19 579.53 5.34 4.19 MH 3
final 136+47 318  2.86 572.20 574.03 574.71 0.015

* CB 2-3 is WQB Unit

CDSS 1.0.0.3. 2015-02-09 EAST BANK SS - WQB TO RIVER_142+14 RT_HGL 50 years.xml 2
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DITCH ANALYSIS

PID : 46933 Date : 04/17/2011 Project : CUY-90-14.90 Location : Beneath Mainline
Description :scupper discharge to east bank b pond Designer : PNS
Rainfall Area: A Allowable Shears
Seed: 0.40 Jute Mat: 0.45 Temporary Mat: 1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP TypeB: 6.00
(*) Warning: Grade is steeper than allowable. If value is parantheses, design parameters have been exceeded. - See user manual.
STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft)  WIDTH SLOPE SLOPE (ft./ft.) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (Ilbs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
141+24 143+58 R 28400 1.00 3.00 3.00 00035 068 0.68 0.90 061  Seed 3.84 5 0.030 13.19 1.45 0.13 2.35 0.59 4.53
Seed 4.39 10 0.040 1378 1.20 0.16 2.68 071 5.27
143+58 143+58 L  16.00 1.00 3.00 3.00 0.2500* 0.00 0.68 0.90 0.61  Seed 3.83 5 0.030 13.23 6.88 3.27 2.35 021 2.26
Jute Mat 3.83 5 0.040 13.24 558 3.79 2.35 0.24 2.46
Temp. Mat  3.83 5 0.040 13.24 558 3.79 2.35 0.24 2.46
Perm, Type 1  3.83 5 0.040 1324 558 3.79 2.35 0.24 2.46
Perm, Type 2 3.83 5 0.040 13.24 558 3.79 2.35 0.24 2.46
Perm, Type 3  3.83 5 0.040 13.24 558 3.79 2.35 0.24 2.46
Perm, Type 3  4.38 10 0.040 1383 5.82 4.04 2.68 0.26 2.55

CDSS 1.0.0.3. 2011-07-21-East Bank B ditch calc.xml 1



DITCH ANALYSIS

PID : 46933 Date : 04/17/2011 Project : CUY-90-14.90 Location : Beneath Mainline
Description :scupper discharge to east bank b pond Designer : PNS
Rainfall Area: A Allowable Shears
Seed: 0.40 Jute Mat: 0.45 Temporary Mat: 1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP TypeB: 6.00
(*) Warning: Grade is steeper than allowable. If value is parantheses, design parameters have been exceeded. - See user manual.
STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft)  WIDTH SLOPE SLOPE (ft./ft.) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (Ilbs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
141+24 143+58 R 28400 1.00 3.00 3.00 00035 068 0.68 0.90 061  Seed 3.84 5 0.030 13.19 1.45 0.13 2.35 0.59 4.53
Seed 5.81 50 0.040 13.52 1.29 0.18 3.56 0.81 5.83
143+58 143+58 L  16.00 1.00 3.00 3.00 0.2500* 0.00 0.68 0.90 0.61  Seed 3.83 5 0.030 13.23 6.88 3.27 2.35 021 2.26
Jute Mat 3.83 5 0.040 13.24 558 3.79 2.35 0.24 2.46
Temp. Mat  3.83 5 0.040 13.24 558 3.79 2.35 0.24 2.46
Perm, Type 1  3.83 5 0.040 1324 558 3.79 2.35 0.24 2.46
Perm, Type 2 3.83 5 0.040 13.24 558 3.79 2.35 0.24 2.46
Perm, Type 3  3.83 5 0.040 13.24 558 3.79 2.35 0.24 2.46
Perm, Type 3  5.80 50 0.040 1356 6.27 4.66 3.55 0.30 2.79

CDSS 1.0.0.3. 2011-07-21-East Bank B ditch calc.xml 1



DITCH ANALYSIS

PID : 46933 Date : 10/26/2011 Project : CUY-90-14.90 Location : Beneath Mainline
Description :scupper discharge to east bank b pond inlet D-1 RT ditch Designer : PNS
Rainfall Area: A Allowable Shears
Seed: 0.40 Jute Mat: 0.45 Temporary Mat: 1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP TypeB: 6.00
(*) Warning: Grade is steeper than allowable. If value is parantheses, design parameters have been exceeded. - See user manual.
STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft)  WIDTH SLOPE SLOPE (ft./ft) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (lbs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
148+24 148+00 R 34.00 1.00 300 3.00 0.0050 075 0.75 0.90 0.68 Seed 4.25 5 0.030 10.33 1.73 0.19 2.87 059 4.57
Seed 5.01 10 0.040 10.39 1.46 0.23 3.38 0.73 5.37
148+00 Concent 0.05 090 0.72 10.00
148+00 147+96 R  26.00 1.00 300 3.00 0.0050 0.00 0.80 0.00 072  Seed 421 5 0.030 1057 1.76 0.19 3.03 0.61 4.66
Seed 4.95 10 0.040 10.68 1.48 0.23 3.56 0.75 5.47

CDSS 1.0.0.3. 2011-10-26-East Bank B ditch calc D1.xml 1



DITCH ANALYSIS

PID : 46933 Date : 10/26/2011 Project : CUY-90-14.90 Location : Beneath Mainline
Description :scupper discharge to east bank b pond inlet D-1 RT ditch Designer : PNS
Rainfall Area: A Allowable Shears
Seed: 0.40 Jute Mat: 0.45 Temporary Mat: 1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP TypeB: 6.00
(*) Warning: Grade is steeper than allowable. If value is parantheses, design parameters have been exceeded. - See user manual.
STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft)  WIDTH SLOPE SLOPE (ft./ft) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (lbs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
148+24 148+00 R 34.00 1.00 300 3.00 0.0050 075 0.75 0.90 0.68 Seed 4.25 5 0.030 10.33 1.73 0.19 2.87 059 4.57
Seed 6.68 50 0.040 10.36 1.57 0.26 451 0.83 5.95
148+00 Concent 0.05 090 0.72 10.00
148+00 147+96 R  26.00 1.00 300 3.00 0.0050 0.00 0.80 0.00 072  Seed 421 5 0.030 1057 1.76 0.19 3.03 0.61 4.66
Seed 6.59 50 0.040 10.63 1.59 0.26 4.74 0.84 6.07

CDSS 1.0.0.3. 2011-10-26-East Bank B ditch calc D1.xml 1



DITCH ANALYSIS

PID : 46933 Date : 10/26/2011 Location : Beneath Mainline

Description :scupper discharge to east bank b pond inlet D-2 LT pier 7

Project : CUY-90-14.90

Rainfall Area: A Allowable Shears

Designer : PNS

Seed: 0.40 Jute Mat: 0.45 Temporary Mat:  1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP  Type B: 6.00

(*) Warning: Grade is steeper than allowable.

If value is parantheses, design parameters have been exceeded. - See user manual.

STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft) WIDTH SLOPE SLOPE (ft./fft.) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (Ibs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
144+74 144+58 L 7400 100 300 3.00 00040 015 0.15 090 014  Seed 4.12 5 0.030 11.18 1.02 0.07 056 029 2.74
Seed 481 10 0.040 11.39 0.87 0.09 065 036 3.16

1

CDSS 1.0.0.3. 2011-10-26-East Bank B ditch calc D2 LT.xml



DITCH ANALYSIS

PID : 46933 Date : 10/26/2011 Location : Beneath Mainline

Description :scupper discharge to east bank b pond inlet D-2 LT pier 7

Project : CUY-90-14.90

Rainfall Area: A Allowable Shears

Designer : PNS

Seed: 0.40 Jute Mat: 0.45 Temporary Mat:  1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP  Type B: 6.00

(*) Warning: Grade is steeper than allowable.

If value is parantheses, design parameters have been exceeded. - See user manual.

STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft) WIDTH SLOPE SLOPE (ft./fft.) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (Ibs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
144+74 144+58 L 7400 100 300 3.00 00040 015 0.15 090 014  Seed 4.12 5 0.030 11.18 1.02 0.07 056 029 2.74
Seed 6.39 50 0.040 11.28 0.95 0.10 086 041 3.45

1

CDSS 1.0.0.3. 2011-10-26-East Bank B ditch calc D2 LT.xml



DITCH ANALYSIS

PID : 46933 Date : 10/26/2011 Project : CUY-90-14.90 Location : Beneath Mainline
Description :scupper discharge to east bank b pond inlet D-2 RT Pier 7 Designer : PNS
Rainfall Area: A Allowable Shears
Seed: 0.40 Jute Mat: 0.45 Temporary Mat: 1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP TypeB: 6.00
(*) Warning: Grade is steeper than allowable. If value is parantheses, design parameters have been exceeded. - See user manual.
STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft)  WIDTH SLOPE SLOPE (ft./ft) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (lbs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
144+74 144+58 R 30.00 1.00 300 3.00 0.0060 0.67 0.67 0.90 0.60 Seed 4.26 5 0.030 10.28 1.80 0.20 2.57 054 4.25
Seed 5.02 10 0.040 10.33 1.52 0.25 3.03 0.67 5.00
144+58 Concent 0.15 090 0.74 10.00
144+58 144+96 R 52.00 1.00 300 3.00 0.0060 0.00 0.82 0.00 074  Seed 4.18 5 0.030 10.73 1.89 0.22 3.09 059 454
Seed 491 10 0.040 10.87 1.59 0.27 3.62 072 5.33

CDSS 1.0.0.3. 2011-10-26-East Bank B ditch calc D2.xml 1



DITCH ANALYSIS

PID : 46933 Date : 10/26/2011 Project : CUY-90-14.90 Location : Beneath Mainline
Description :scupper discharge to east bank b pond inlet D-2 RT Pier 7 Designer : PNS
Rainfall Area: A Allowable Shears
Seed: 0.40 Jute Mat: 0.45 Temporary Mat: 1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP TypeB: 6.00
(*) Warning: Grade is steeper than allowable. If value is parantheses, design parameters have been exceeded. - See user manual.
STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft)  WIDTH SLOPE SLOPE (ft./ft) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (lbs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
144+74 144+58 R 30.00 1.00 300 3.00 0.0060 0.67 0.67 0.90 0.60 Seed 4.26 5 0.030 10.28 1.80 0.20 2.57 054 4.25
Seed 6.69 50 0.040 10.31 1.63 0.28 4.04 0.76 5.54
144+58 Concent 0.15 090 0.74 10.00
144+58 144+96 R 52.00 1.00 300 3.00 0.0060 0.00 0.82 0.00 074  Seed 4.18 5 0.030 10.73 1.89 0.22 3.09 059 454
Seed 6.53 50 0.040 10.81 1.71 0.31 4.82 0.82 5091

CDSS 1.0.0.3. 2011-10-26-East Bank B ditch calc D2.xml 1



DITCH ANALYSIS

PID : 46933 Date : 10/26/2011 Location : Beneath Mainline

Description :scupper discharge to east bank b pond inlet D-1 Left Pier 8

Project : CUY-90-14.90

Rainfall Area: A Allowable Shears

Designer : PNS

Seed: 0.40 Jute Mat: 0.45 Temporary Mat:  1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP  Type B: 6.00

(*) Warning: Grade is steeper than allowable.

If value is parantheses, design parameters have been exceeded. - See user manual.

STATION SIDE LENGTHRADIUS IN BACK GRADE AREA AREA RUNOFF CA PROTECT RAIN STORM MANN. TIME VEL. SHEAR DESIGN DEPTH WIDTH
BEGIN END (ft) WIDTH SLOPE SLOPE (ft./fft.) (acres) SUM COEFF. (Sum) TYPE INT. FREQ. COEFF. FLOW FLOW (Ibs/ FLOW FLOW FLOW
(ft.)  (ft/ft) (ft./ft) (acres) (in./hr))  (yrs.) (min) (fps) SAft)  (cfs) (ft.) (ft.)
148+24 148+00 L 7500 1.00 3.00 3.00 0.0100 005 0.5 090 0.05  Seed 4.12 5 0.030 11.15 1.04 0.08 019 013 177
Seed 481 10 0.040 11.36 0.91 0.10 022 016 1.97

1
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DITCH ANALYSIS

PID : 46933 Date : 10/26/2011 Location : Beneath Mainline

Description :scupper discharge to east bank b pond inlet D-1 Left Pier 8

Project : CUY-90-14.90

Rainfall Area: A Allowable Shears

Designer : PNS

Seed: 0.40 Jute Mat: 0.45 Temporary Mat:  1.00
Permanent Mat Type 1: 2.00 Type 2: 3.00 Type 3: 5.00
RCP  Type B: 6.00

