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I Introduction

The Riverlands Mitigation Site will provide 1.24 acres of compensatory wetland mitigation for
unavoidable wetland impacts associated with the proposed Bell Bed Nuclear Power Plant.
This mitigation site is located adjacent to the North Branch Canal, immediately south of the
existing access drive to the Susquehanna Steam Electric Station intake structure (Figure 1).
This project will also provide conveyance for base flow and storm flow that currently flows
through the canal outfall channel which will be filled for the construction of the proposed
intake structure (Figure 2). The historical alignment of the North Branch Canal has been
interrupted and base flow is diverted over a weir into a heavily incised man made channel
and into the North Branch of Susquehanna River. The Riverlands Mitigation Site consists of
hydraulically re-connecting the North Branch Canal, restoring the original tow path, and
repairing and maintaining the existing control structure that supports the Susquehanna
Riverlands Wetlands Nature Area.

The Susquehanna Riverlands Wetlands Nature Area is a nature preserve that was designed
and constructed in the early 1980's. The North Branch Canal flows south from the mitigation
site through the Wetlands Nature Area, bisecting the constructed wetlands. Therefore, the
redirection of the canal baseflow back into the canal will affect the hydrology of the
constructed wetlands to a certain extent. In addition to the construction for the Riverlands
Mitigation Site, the existing control structure that maintains hydraulic grade at the
southernmost point of the Susquehanna Riverlands Wetlands Nature Area must be repaired
and adjusted to maintain the desired water surface elevation in the wetlands.

The purpose of this narrative is to describe background data, present design methodology,
and summarize design calculations involved with the restoration design of the Riverlands
Mitigation Site. The specific design objectives include maintaining a stable water surface
elevation in the canal, directing canal flows to the Susquehanna Riverlands Wetlands Nature
Area, enhancing/restoring the historical value of the canal and tow path while enhancing
1.24 acres of existing wetlands by removing invasive species and planting native vegetation.

These objectives will be achieved by restoring the original alignment of the canal and
installing a stop log structure that will be used to maintain water surface elevations upstream
into the Riverlands Recreational Area adjacent to Lake Took-A-While. The project will also re-
connect the original canal and tow path and create a walking trail on the original tow path
and a pedestrian crossing at the stop log structure. The eroded gulleys in the canal outfall
channel will be filled with amended topsoil and planted with native species of wetland plants.
An overflow pipe will be installed to maintain the hydrology behind the proposed intake
structure fill material.
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Figure 1 - Project Location Map
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2 Physiographic Region, Geology, Hydrology and Existing Land Use

2.1 Physiographic Region

The project site is part of the Susquehanna Lowland Section of the Ridge and Valley
physiographic province (see Figure 3), which characterized by a distinctive series of linear
ridges and valleys that are the result of differential erosion of folded sedimentary rocks with
varying degrees of resistance to weathering and erosion. Valleys are composed of less
resistant rocks such as limestone and shale, whereas ridges and uplands are composed of
more resistant rocks, particularly sandstone and siltstone. The Susquehanna River has
incised into and crosses these ridges as it flows generally from north to south, and its
numerous tributaries form a trellis drainage network pattern as they flow along the valleys
with less resistant rocks.

APPALACHIAN PLATEAUS PROVINCE RIDGE AND VALLEY PROVINCE PIEDMONT PROVINCE

~?{

m. Zm _ _ u

Figure 3 - Physiographic Provinces Map of Pennsylvania

2.2 Geology

This watershed consists of five different classes of surficial geology (Figure 4). A Holocene
Alluvium is the most prevalent immediately around the Riverlands Mitigation project location.
The watershed is primarily comprised of a Woodsfordian Kame Terrace and Outwash
(undivided) and Woodsfordian Ground Moraine, both of Pleistoscene Age. Woodfordian End
Moraine and Eolian Mantle are also present in the in the watershed. The base geology of the
majority of the watershed and all of the Riverlands Mitigation project site consists of a
Mahantango Formation (Figure 5). The northern portion of the watershed is a Trimmers Rock
Formation and there are small strips of Harrell Formation and Mahantango Formation (Tully
Member), all of the Devonian Age.
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Figure 5 - Bedrock Geology Map of Watershed
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2.3 General Site Hydrology

The Riverlands Mitigation Site watershed is approximately 1.2 square miles, consisting
mainly of woods but also includes the majority of the footprint of the existing Susquehanna
Steam Electric Station (SSES) and Lake Took-A-While (Figure 6). Flow in the watershed is
generally in a west to east direction towards the abandoned North Branch Canal which then
flows from north to south.

Stormwater flow from the SSES flows into the southern end of Lake Took-A-While via an
unnamed tributary. The water surface elevation in Lake Took-A-While is controlled by a weir
at the north end of the lake. The canal receives storm flow from Lake Took-A-While (Area A)
as well as the forested portion of the watershed north of the SSES (Area B). The canal was
used to bypass a segment of the North Branch of the Susquehanna River. The northern end
of the canal is still visibly connected to the River, but the canal is filled and does not support
any base flow from the River. Flood events from the Susquehanna River may overtop the
earthen fill and contribute to the flow in the canal.

The water surface elevation in the canal is controlled by a weir and separate stoplog
structure in a culvert south of Lake Took-A-While, near the existing SSES intake structure.
The stoplog structure controls the water flowing to Riverlands Nature Area and the weir
controls the flows that are directed to the North Branch of the Susquehanna River. See
Figure 2 for the locations of these structures. The stoplogs for both structures are set at
elevations according to the needs of the Riverlands facility operators and adjusted
accordingly to maintain the desired water surface upstream into the Riverlands Recreation
Area and to provide hydrology downstream to the Wetlands Nature Area. The entire site is
located within the 100 year floodplain and will be inundated during a 100-year flood event.

2.4 Existing Land Use

The most significant historical land use around the Riverlands Mitigation Site is the
construction and use of the canal. This segment of the canal system was known as the
North Branch Canal (Columbia County Historical and Genealogical Society). Ground was first
broken on July 4th, 1828 and was used until the entire 338 mile network of Pennsylvania
canals were abandoned in 1901. At some point around the construction of Susquehanna
Riverlands in the early 1980's, the canal was interrupted by constructing the configuration
that is seen today (Figure 2).

The current watershed land use is predominantly forest, high density industrial and a lake.
The land use around the proposed Riverlands Mitigation project is open water (canal), fallow
fields and forest. The area is currently used for public recreation and education.
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3 Visual Assessment of Watershed and Project Site

The land use in the upper reaches of the watershed to the mitigation area is currently a mix
dominated by forest and high density industrial development. The eastern, or lower portion
of the watershed is primarily mixed open space consisting of forest, lawn, open water and
some cultivated land.

The project site adjacent to the canal consists of emergent and forested wetlands. The
quality of these wetlands is marginal, primarily due to historic disturbance and invasive
vegetation. The reach of the canal downstream of the existing weir has a significant amount
of accumulated sediment. The canal outfall channel is severely eroded through most of its
length and secondary ditch extends from a partial breach of the canal berm to the outfall
channel.

Substrate embeddedness and composition surveys in the canal outfall channel indicate fair
to poor habitat conditions near the existing weir structure and good substrate conditions
near the confluence with the Susquehanna River. The habitat quality was marginal
throughout the system but the macroinvertebrate community surveys reflected a fair to poor
score based on the macroinvertebrate biotic index(LandStudies, Inc., 2010).

4 Design

4.1 Design Objectives

The specific design objectives include:

1. Provide an ecologically and environmentally solution to direct flow into the canal and
away from the proposed intake structure.

2. Maintain a stable tailwater surface elevation in the canal while providing the flexibility
to make fine adjustments to that water level on an as needed basis.

3. Enhance and restore the historical value of the canal and tow path.

4. Enhance the quality of existing wetlands at the Riverlands Mitigation Site.

4.2 Design Methodology

The design objectives will be achieved through the following tasks:

1. Re-connect the original canal and tow path and creating a trail on the original tow
path.

2. Install a stop log structure and canal crossing that will be used to maintain water
surface elevations in upstream reach of the canal and maintain access across the
canal in this location.

3. Maintain and repair the grade control structure in PPL Riverlands Wetlands Nature
Area to allow for the effective management of water surface elevations in the
constructed wetlands.

Bell Bend Nuclear Power Plant LaWd
wetland Mitigation Design Report - Riverlands Site
Rev 0, November 2010 Page 9



4. Fill eroded gulleys in the canal outfall channel with amended soil to provide suitable
growing media for wetland vegetation.

5. Remove invasive species and plant native trees and shrubs in existing wetlands
adjacent to the canal.

6. Install an overflow pipe to prevent excessive ponding behind the fill for the proposed
intake structure.

4.3 Hydrology and Hydraulics

The Riverlands Mitigation Site watershed is 1.24 square miles, which includes the majority of
the footprint of the existing Susquehanna Seam Electric Station, Lake Took-A-While, a large
portion of the North Branch Canal, and Forested and Meadow Areas. The drainage area to
the site is depicted over an aerial photograph in Figure 6. The watershed hydrology was
modeled using SCS TR-20 methodology using the Hydraflow Hydrographs extension of
AutoCAD. This allowed the drainage area to be broken into sub watersheds and allowed the
significant storage volume in Lake Took-A-While and the Canal to be routed.

The watershed was divided into "Area A," which drains to Lake Took-A-While, and "Area B,"
which drains to the North Branch Canal. Land cover was evaluated for both drainage areas
using aerial photography and site observations, and weighted Curve Numbers were
calculated using standard CN values listed in TR-55. Time of concentration paths were
mapped, as shown on Figure 6, and Tc values were developed using TR-55 methods for
sheet flow, shallow concentrated, channel flow. Rainfall values were obtained from NOAA
Atlas 14 data.

Runoff hydrographs for the 2, 5, 10, 25, 50, and 100-year storms were developed for Areas
A and B, based on the inputs described above. The Hydrograph from Area A was routed
through Lake Took-A-While using the storage indication method in the Hydrographs
application. Pond data was based on existing topography and field measurements of the
existing two-stage weir through which the lake discharges into the canal. The resultant
routed hydrograph was then added to the Area B hydrograph. Finally, canal was routed
through the proposed stoplog structure and pipe.

The proposed canal crossing was also modeled in HY-8 to more accurately reflect the
overtopping conditions during large storm events. The routing of the structure using the
Hydrographs software has the limitation of only allowing the input of a broad crested weir at
a single elevation. HY-8 allows the input of an irregular overtopping cross section, but does
not support a multi-stage weir structure at the inlet of a culvert. Based on these limitations,
the Hydrographs model accurately predicts flow through the proposed stoplog structure and
culvert up to the overtopping elevation. At that point and above, the pipe is in an outlet
control condition, rendering the stoplog structure ineffective. Therefore, the HY-8 model
more accurately predicts the performance of the system once overtopping begins, even
though the stoplog structure is not included, due to the more accurate overtopping cross
section.
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Based on both hydraulic models, the proposed crossing will overtop during an event greater
that the 10-year storm. All data inputs and routings, as well as model summary output is
provided in Appendix A.

4.4 Design Summary

This design is intended to take flow that would currently go to the Susquehanna River and
redirect it into the lower segment of the historical canal. This is necessary because the
location and orientation of the proposed intake structure will prevent higher flows from going
to the Susquehanna River and would otherwise flood the area around the intake structure.
The installation of a stoplog structure will maintain the backwater elevation that is necessary
to keep water in the canal upstream of this location, while conveying base flow and storm
flow downstream in the canal into the PPL Riverlands Wetland and Nature Area. The gulleys
that are currently present on the east side of the canal tow path will be repaired by placing
amended topsoil in the deepest portions of the gulleys and promoting the establishment of
wetland plant species. A headwall and 18" smooth lined corrugated polyethylene pipe will be
installed at the toe of the proposed intake structure fill and will provide positive relief for
local runoff that would otherwise be impounded behind the fill. This eliminates the potential
for this wetland area to be permanently flooded, a maintaining the existing hydrology of the
system.

A walking path will be established on the restored tow path of the historic North Branch
Canal and a crossing will be created across the canal at the location of the stoplog structure.
This stoplog structure will consist of a precast concrete drop structure with oak stop logs set
to establish the desired elevation in the upstream reach of the canal. This the drop structure
will connect to a 48" diameter smooth lined corrugated polyethylene pipe that outlets to the
lower segment of the North Branch Canal and provided conveyance under the crossing. The
crown of the crossing will be constructed such that overtopping will occur on the west side of
the canal and proceed into the downstream segment of the existing canal rather than
towards the proposed intake structure. This will promote channel and bank stability as well
as keeping the majority of the flow away from the depression behind the proposed intake
structure.

Invasive species will be removed from the adjacent wetland areas. Native tree, shrub, and
herbaceous species will be planted in these adjacent wetlands, including the abandoned
canal outfall channel. A plant list for the proposed wetland enhancement can be found in
Appendix A.

See the Wetland Mitigation Plan for the Riverlands Site for Construction Drawings, Details,
Specifications, and the Landscape Plan.
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Appendix A:
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Hydrograph Return Period Rec ,flow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph
No. type hyd(s) Description

(origin) I-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

I SCS Runoff ------ 185.07 314.14 461.17 698.73 930.82 1220.87 Area A

2 Reservoir 1 19.79 40.00 69.20 127.48 195.85 293.33 Lake Took-a-While

3 SCS Runoff ------ 10.38 33.35 70.09 143.65 225.78 337.54 Area B

4 Combine 2,3 23.66 54.07 101.34 200.05 313.66 473.19 Combined Area A and B

5 Reservoir 4 14.83 34.23 56.74 121.76 202.09 323.52 Canal - Stop Log

Proj. file: Proposed Stop Log.gpw Thursday, Nov 18, 2010



Hydrograph Summary Report Hydraflow Hydrographs Extension for AutoCAD® Civil 3D®2011 by Autodesk, Inc. v8

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuff) (ft) (cuft)

1

2

3

4

5

SCS Runoff

Reservoir

SCS Runoff

Combine

Reservoir

185.07

19.79

10.38

23.66

14.83

2

2

2

2

2

746

956

764

924

1454

1,254,122

1,252,985

158,998

1,411,984

1,380,214

2,3

4

508.62

509.27

669,022

621,088

Area A

Lake Took-a-While

Area B

Combined Area A and B

Canal - Stop Log

Proposed Stop Log.gpw Return Period: 2 Year Thursday, Nov 18, 2010



Hydrograph Summary Report Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1

2

3

4

5

SCS Runoff

Reservoir

SCS Runoff

Combine

Reservoir

314.14

40.00

33.35

54.07

34.23

2

2

2

2

2

744

868

750

774

1148

1,957,240

1,955,889

331,788

2,287,680

2,251,672

2,3

4

508.91

509.53

997,875

724,971

Area A

Lake Took-a-While

Area B

Combined Area A and B

Canal - Stop Log

Proposed Stop Log.gpw Return Period: 5 Year Thursday, Nov 18, 2010



Hydrograph Summary Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1

2

3

4

5

SCS Runoff

Reservoir

SCS Runoff

Combine

Reservoir

461.17

69.20

70.09

101.34

56.74

2

2

2

2

2

744

832

746

766

1052

2,753,967

2,752,453

554,710

3,307,163

3,267,716

2,3

4

509.25

509.99

1,385,064

905,762

Area A

Lake Took-a-While

Area B

Combined Area A and B

Canal- Stop Log

Proposed Stop Log.gpw Return Period: 10 Year Thursday, Nov 18, 2010



H ydrograph Surmrnmary Report Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1

2

3

4

5

SCS Runoff

Reservoir

SCS Runoff

Combine

Reservoir

1220.87

293.33

337.54

473.19

323.52

2

2

2

2

2

744

790

742

758

826

6,933,142

6,931,184

1,955,443

8,886,613

8,838,069

1

2,3

4

511.04

511.26

3,428,562

1,494,673

Area A

Lake Took-a-While

Area B

Combined Area A and B

Canal - Stop Log

Proposed Stop Log.gpw Return Period: 100 Year Thursday, Nov 18, 2010
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Riverlands St U die 11116/2009

LAND COVER ANALYSIS/ WEIGHTED CN VALUES

Area k Lake Took-a-WhIle

Cover HSG CN Area CNxA
Forest (Good)* C 55 197.60 10,868.00
Commercial (85% imperv) C 94 49.40 4,643.60
Commercial (85% imperv) A 89 173.60 15,450.40
Forest (Good) A 30 49.60 1,488.00
Water 100 24.80 2,480.00

Total CN*A = 34,930.00

Cover HSG CN Area CNxA
Forest (Good)* C 55 187.00 10,285.00
Meadow (Good)* C 58 47.00 2,726.000

Total CN*A = 13,011.00

W4kMW CM N 56

* Adjusted to HSG 8 CN values based on site observations and calibration with other runoff models



Map Symbol Soil Series Slope Hydrologic Soil Group
At Atherton silt loam -_-_ - B/D
BrB Braceville gravelly loam 3% to 8% C
ChB Chenango gravelly loam 3% to 8% A
ChC Chenango gravelly loam 8% to 15% A
Ho Holly silt loam -_-_ - B/D

MoB Morris channery silt loam 0% to 8% C
MsC Morris very stony silt loam 8% to 15% C
OIB Oquaga and Lordstown channery silt loams 3% to 8% C
OIC Oquaga and Lordstown channery silt loams 8% to 15% C
OlD Oquaga and Lordstown channery silt loams 15% to 25% C
OpB Oquaga and Lordstown extremely stony silt loams 3% to 8% C
OpD Oquaga and Lordstown extremely stony silt loams 8% to 25% C
OxF Oquaga and Lordstown extremely stony silt loams Steep C
Ps Pope soils -_-_ - B

RdB Rexford loam 3% to 8% C
W Water ---...

Wa Wayland silt loam - - - C/D
WeB Weikert and Klinesville channery silt loams 3% to 8% C/D
WyD Wyoming gravelly loam 15% to 25% A

Sources: Pennsylvania College of Agricultural Sciences Cooperative Extension and
Agriculture Soil Conservation Service

United States Department of
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C4
POINT PRECIPITATION

FREQUENCY ESTIMATES
FROM NOAA ATLAS 14

Pennsylvania 41.0868 N 76.1595 W 685 feet
from "Precipitation-Frequency Atlas of the United States" NOAA Atlas 14, Volume 2, Version 3

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland, 2004

Extracted: Thu Mar 18 2010

I Precipitation Frequency Estimates (inches)

FA_1 1[2 1515__ F30- mmm ~hr6 tr-[1F-2-1 -- 1 -- _ 2m m dE 'i I-oI~ 4 ~_
ARI*mi 5 111151311012 Ph hr 122hr - 8 bi d _d. _LJ&J

[ O 35310.520.63 F084 1.02 1.201.321.641 2.03 2.38 2.81 F3.15 3.71 4.29 5.83 97.279.20111.07]

[I 150.401 0.621 0.75 101 11.24 E11.45 1.58 1.97 F2.422.86 3.37 53.754.42 5.09 6.88 8.53 10.72 12.87]

[1110.47110.7210.891 1.221 1.52 11.7911.95]2.4112.99 13.5414.1614.60 5.37 6.128.0419.81 12.13 F14.44
1010.5210.8010.98 11.37 1.7412.08 2.2712.80 ]3.48 4.15 14.87 15.35 16.207.0219.04 110.90 13.32 15.78]
2 10.5910.90 II1.111!.5612.0312.50 2.74 F3.38] 4.23 15.12 [16.00 F6.54_17.521 8.40 _4 10.56-12.53 15.07F17.73I
50 0.64 0.97 11.20 1.72 2.26 2.87 3.16] 3.90 14.91 6.01 7.04 7.63 8.72 9.64 F11.89 F13.93 F16.56 19.39]

1-00 0.70 1.-0551.30 1.88 2.51 3.29 3.65 4.50 5.69 7.o7 8.28 8.93 10.12 11.07 13.381 15.48 18.17 F21.17

200 0.7611.13 1.4112.05 2.78 3.77 4.20 5.19 6.60 8.33 9.75 10.45 11.77 12.72 15.08 17.20 19.92 23.10o

F500 0.84 F1.24 E1.55 I2.30 3.18 4.51 5.08 F6.29 8.05 10.37 12.13 12.91 14.39 15.31 17.66 19.78 22.48 25.91]
[ 10001[0.92111.331[1.67112.50113.51115.17115.86117.26 [9.371112.26 [14.351115.18 [16.78 [17.63 [19.911121.98 [24.621128.23]

These precipitation Irequency estimates are based on a oattial duration series. ARI is the Average Recurrence Interval.
Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting forces estimates near zero to appear as zero.

etum to St

* Upper bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)IAR**F 5 0 1 0 6 270 48] [4 76 10 20]0 4 60= ,, II -In In 11 -n11 11 -.I h I r1h 1h ldY I day11 dyikII II ]da

IT670.37 F67571F675 10.931 1.14 1.34 1.4811.86 2.29 2.66 3.17 3.50 4.12 4.72 6.32 7.84 9 86 1.79

F67.44 .691 0F.841.12 1.38 E ]1.62 11.77] 2.22 2-.]1733.19-13.80 4.18 4.92 5.61 7.45 9.19 11.50 13.71
= 15.52 0.8_0 .99 -1.35 1.70o F2.0 11 2.19] 2.72T3.363.951 4.697 5.11 5.97 6.74 8.69 10.56 13.001 15.38

10o.58 05-891 F1 1.52 11.9312.3212.543.15 3.91 4.6115.471 5.93 6.88 7.71 9.75 11.72 14.27 16.80
25 0.65 0.99 -11.741 2.25] 2.79] 3.07 F3.801 4.74 5.65 6.70 87.208.30 9.19 11.36 13.44 16.13 18.88

50 0.71 1.08- E 3 1.911 2.52 3.211 3.54 4.381 5.50 j-6.60o 7.83 8.39 9.59 10.53 12.77 14.93 1771-20-.62
1100 0.781.17 r1.5 2.091 2.8 3.69 4.0915.05 6.38 7.73 9.18 9.77 11 12.06 14.36 16.57 19.42 22.50

T2000.84 1.26 1. 2.296 3.10 F4.23 -f4.72 5.847.429.0610.76 11.41112.87 F13.82116.15 18.40 21.27 2455

-5001 0.95 19. .74, 2.58 3.56 5.0815.73 7.12 9.11 11.22 13.33 14.02 15.67 16.61 18.88 21.13 23.98 27.54
1000 1.031. 12.81 3.95 5.87 6.66 8.26 10.65113.19115.71 16.43 18.24 19.09121.27123.47 26.26 30.03

- lThe upper bound of thte coni ence interval at 90% confidence level is the value winch 5% of the simulated quantie values Ior a given tregueecy are greater tMan.
"" These precipitation frequency estimates are based on a partial duration series, ARI is the Average Recurrence Interval.

Please refer to NOAA Alias 14 Doctiment for more information. NOTE: Formatting prevents estimates near zero to appear as zero.

* Lower bound of the 90% confidence interval
Precinitation Freauencv Estimates (inchesh

15 10 15 30 60 120 3 6 12 24 30 45 60
( lyemrs mm mI[ hr hr hr hr hr d I day da day day day day

r -o.301 0.47110.571 0.75 I0.921[1.08111.18 IFl4i7111.82 112.16 1 1 " 5 -1 1 13 5.43 6.80 18.64 I10.45
F5-0.35 0o.55 0.68 0.91 1.11 1.30 1.42 1.76 2.17 2.593 7 746.39 7.96 1o.o7 12.15

= 1.42 01o.651 0.8o 71.09 F1.37 I1l.61 11.7512.16 r2.681 3.21 3 F._75 9 F54.8 5.1 7.46 9.15 F1 1.38 F13.63
10 0.47 00.881 1.23111.56 1.862.03 ] 2.49 3.10 .37-4 - 1 4 4.8•61 5.63 6F. 8.37110.14 12.49114.88

15 0.52 10.801 0.99 1.39 F1.8112.22 2.44 F2.99 13.74 F84.57 5.34 F.89-6.79 762 9.73 1.63114.0 116.70
50 O.57 F0.86 F1.077 1.522.01 F2.542.793.43 4.31 F533 6 F367.84 7.•81•8 10.92 112.90 115.46 F18.22

10 0 .61 10.93 1.15 1.66 12.22 2.89 3.19 3.91 4.95 621 7.26 7.97 9.02 -9.94 F12.24 F14.28 F16.92 19.85-

20-F-0.66 o0.99 F1.23 1.80 2.4413.28 13.64 74.4 7 7.25 8.46 9.211•0.40 11.33 F13.72 F15.79 F18.49 f21.60 1

50010.73 1.08 1.34 1.99 2.75 3.87 4.32 5.32 6.80 8.90 10.39 11.24 12.55 13.49115.93 18.03 20.75 24.11
1000 0.79 !1.14111.431[2.14113.01 14.37 i4.92 [6.07 17.79 10.38-2.13i3.06T1.47l1.41 ]17.831119.911122.631126.161

* The lower bound ofIthe conidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are less than.
These precipitation frequency estimates are based on a onrtial duration maxima series, ARI is the Average Recurrence Interval.

n-~ht1 ~//.\P ( w~c~\ rntmp~talPPT- IWatflnmA P t Crr lixrcarcvi P-J7')t.T Q\ 1/ /AI 1 /l Ql/11)l1()
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Please refer Io NOAA Atlas 14 Docsiment: far more information. NOTE: Formatting prevenas estimates near zero to appear as zero.

Text version of tables ]

Partial duration based Point Precipitation Frequency Estimates - Version: 3
41.0868 N 76.1595 W 685 ft
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C

12•0-hW 110-11 1 00-W 90"11 WillM 70"I

Threse maps mere produced using a direct map request liner thre
y-U US Census Btuedu Mapuin and Cartouuapnlr Resources

lTier Map Server.

. Pieae read di.O/hne ,,'rfor more information.

LEGENDJ -State - Connector
C__ ounty Stream
I•ndian Resv Military Area
Lake/Pond/Ocean National Park

-- Street U Other Park
- Expresswmy City

Highway 0 i-P ny t
Scale 1:220503 '0 I 14 6 '8 '±0 i.n
*average--true scale depends on monitor resolution

7;."li 76.2"ld 7A.I1 "W 76.O"W

Other Maps/Photographs -

View USGS dieital orthoohoto quadrangle (DOO) covering this location from TerraServer; USGS Aerial Photograph may also be available
from this site. A DOQ is a computer-generated image of an aerial photograph in which image displacement caused by terrain relief and camera
tilts has been removed. It combines the image characteristics of a photograph with the geometric qualities of a map. Visit the USGS for more information.

Watershed/Stream Flow Information -

Find the Watershed for this location using the U.S. Environmental Protection Agency's site.

Climate Data Sources -

Precipitation frequency results are based on data from a variety of sources, but largely NCDC. The following links provide general information
about observing sites in the area, regardless of if their data was used in this study. For detailed information about the stations used in this study,
please refer to NOAA A tlas 14 Document.

Using the National Climatic Data Center's (NCDC) station search engine, locate other climate stations within:

+/-30 minuteI-] ...OR... [ +/-I d e j of this location (41.0868/-76.1595). Digital ASCII data can be obtained directly from NCDC.

Hydrometeorological Design Studies Center
DOC/NOAA/National Weather Service
1325 East-West Highway
Silver Spring, MD 20910

(301) 713-1669
Questions?: HDSC.Quesrionsýri noaa.uo\

Disclaimer

mhtn1 .fla* IP-\D f TrrQ\C~rrnrnsntl\PI - ~eslorA Prsrittnafirasrctas -'7')4-T Q\ 11lflA1 1 /15/1)/(11lf)
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TR55 Tc Worksheet

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Hyd. No. 1
Area A

Description A B C Totals

Sheet Flow
Manning's n-value
Flow length (ft)
Two-year 24-hr precip. (in)
Land slope (%)

Travel Time (min)

Shallow Concentrated Flow
Flow length (ft)
Watercourse slope (%)
Surface description
Average velocity (ft/s)

0.170
300.0
2.89
1.00

0.011
0.0
0.00
0.00

0.011
0.0
0.00
0.00

= 36.21 + 0.00 + 0.00 = 36.21

= 100.00
= 2.00
= Unpaved
=2.28

0.00
0.00
Paved
0.00

0.00
0.00
Paved
0.00

Travel Time (min) = 0.73 + 0.00 + 0.00 = 0.73

Channel Flow
X sectional flow area (sqft)
Wetted perimeter (ft)
Channel slope (%)
Manning's n-value
Velocity (ft/s)

= 3.00
= 5.00
= 2.20
= 0.035
=4.48

0.00
0.00
0.00
0.015

0.00

0.00
0.00
0.00
0.015

0.00

Flow length (ft)

Travel Time (min)

({0})3600.0 0.0 0.0

= 13.38 + 0.00 + 0.00 = 13.38

Total Travel Tim e, Tc .............................................................................. 50.32 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8 Thursday, Nov 18, 2010

Hyd. No. I
Area A

Hydrograph type
Storm frequency
Time interval
Drainage area
Basin Slope
Tc method
Total precip.
Storm duration

SCS Runoff
10 yrs

2 min
495.000 ac
0.0%
TR55
4.20 in
24 hrs

Peak discharge
Time to peak
Hyd. volume
Curve number
Hydraulic length
Time of conc. (Tc)
Distribution
Shape factor

= 461.17 cfs
= 12.40 hrs
= 2,753,967 cuft
= 71

Oft
= 50.3 min
= Type II
-484 *'

Hydrograph Discharge Table
( Printed values >= 10.00% of Qp. Print interval = 5)

Time -- Outflow
(hrs cfs)

11.83 54.79

Time -- Outflow
(hrs cfs)

14.83 47.47

... End
12.00

12.17

171.73

321.85

12.33 443.95

12.50

12.67

12.83

13.00

13.17

13.33

13.50

13.67

13.83

440.20

377.45

299.15

212.37

133.89

100.52

87.05

77.70

70.86

14.00 65.10

14.17 60.14

14.33 55.92

14.50 52.39

14.67 49.63



Pond Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8 Thursday, Nov 18, 2010

Pond No. I - Lake Took-a-While

Pond Data
Contours -User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 508.03 ft

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 508.03 1,043,909 0 0
5.00 513.03 1,233,733 5,686,933 5,686,933

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) = 0.00 0.00 0.00 0.00 Crest Len (ft) = 6.00 12.00 0.00 0.00
Span (in) = 0.00 0.00 0.00 0.00 Crest El. (ft) = 508.03 508.23 0.00 0.00
No. Barrels = 0 0 0 0 Weir Coeff. = 3.33 3.33 3.33 3.33

Invert El. (ft) = 0.00 0.00 0.00 0.00 Weir Type = Rect Rect ... ...

Length (ft) = 0.00 0.00 0.00 0.00 Multi-Stage = No No No No
Slope (%) = 0.00 0.00 0.00 n/a

N-Value = .013 .013 .013 n/a
Orifice Coeff. = 0.60 0.60 0.60 0.60 Exfil.(in/hr) = 0.000 (by Contour)

Multi-Stage = n/a No No No TW Elev. (ft) = 0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control. Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage I Discharge Table
Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs .cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0 508.03
5.00 5,686,933 513.03

---. . 0.00 0.00 ---
---. -.-. --. 223.39 420.23 ---

---. -.- .-.- 0.000
---. -.- ... 643.62



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk; Inc. v8

Hyd. No. 2

Lake Took-a-While

Hydrograph type = Reservoir Peak
Storm frequency = 10 yrs Time
Time interval = 2 min Hyd.
Inflow hyd. No. = 1 - Area A Reser
Max. Elevation = 509.25 ft Max.

Thursday, Nov 18, 2010

discharge
to peak
tolume
voir name
Storage

= 69.20 cfs
= 13.87 hrs
= 2,752,453 cuft
= Lake Took-a-While
= 1,385,064 cuft

Storage Indication method used.

Hydrograph Discharge Table ( Printed values >= 20.00% of Op. Print interval = 5)

Time Inflow Elevation ClvA Clv B Clv C PfRsr WrA Wr B Wr C Wr D Exfil Outflow
(hrs) cfs

12.50

12.67

12.83

13.00

13.17

13.33

13.50

13.67

13.83

14.00

14.17

14.33

14.50

14.67

14.83

15.00

15.17

15.33

15.50

440.20

377.45

299.15

212.37

133.89

100.52

87.05

77.70

70.86

65.10

60.14

55.92

52.39

49.63

47.47

45.70

44.17

42.75

41.33

ft

508.68

508.88

509.04

509.14

509.20

509.22

509.24

509.24

509.25

509.25

509.24

509.24

509.23

509.22

509.21

509.20

509.19

509.18

509.17

509.16

cfs cfs cfs cfs cfs cfs cfs

----- -- -- -- 10.93 13.17 -----

16.10 21.97 -----

20.17 28.94 -----

23.72 35.45 -----

25.65 38.98 -----

26.48 40.50 -----

26.93 41.33 -----

27.17 41.76

27.26 41.93

27.24 41.89

27.12 41.68

26.94 41.34

26.69 40.89

26.41 40.37

26.09 39.79

25.76 39.18

25.42 38.55 -----

25.06 37.90 -----

24.70 37.24 -----

24.33 36.57 -----

cfs cfs cfs

-----. -.--- 24.10

-----. -.--- 38.07

-----. -.--- 49.11

----- -59.17

64.62

----- -66.98

68.26

68.94

69.19

69.13

68.80

68.28

67.58

----- I ----- 66.77

-----. -.--- 65.88

-----. -.--- 64.94

-----. -.--- 63.96

-----. -.--- 62.96

-----. -.--- 61.94

----- ..---- 60.90

Continues on next page...

15.67 39.90



Lake Took-a-While

Hydrograph Discharge Table

Time Inflow Elevation Clv A Clv B Clv C PfRsr Wr A Wr B Wr C Wr D Exfil Outflow
(hrs) cfs ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

15.83 38.44 509.15 ----- 23.96 35.89 ----- 59.84

16.00 36.97 509.14 ----- 23.58 35.19 ----- 58.77

16.17 35.51 509.13 ----- 23.19 34.48 ----- 57.67

16.33 34.12 509.11 ----- 22.80 33.76 ..... ..... .....- 56.55

16.50 32.90 509.10 ----- 22.40 33.03 ..... ..... .....- 55.43

16.67 31.91 509.09 ----- 22.00 32.30 ----- ... .... 54.31

16.83 31.11 509.08 ----- 21.61 31.58 ..... ..... .....- 53.19

17.00 30.46 509.07 ----- 21.23 30.88 ..... ..... .....- 52.10

17.17 29.90 509.06 ----- 20.85 30.18 ----- ------. ..... 51.03

17.33 29.38 509.04 ----- 20.48 29.51 ..... ..... .....- 49.99

17.50 28.86 509.03 ----- 20.12 28.85 ..... ..... .....- 48.97

17.67 28.34 509.02 ----- 19.82 28.32 ..... ..... .....- 48.13

17.83 27.81 509.01 ----- 19.55 27.86 ..... ..... .....- 47.41

18.00 27.28 509.00 ----- 19.28 27.40 ..... ..... .....- 46.69

18.17 26.75 508.99 ----- 19.02 26.95 ..... ..... .....- 45.98

18.33 26.21 508.98 ----- 18.76 26.51 ..... ..... .....- 45.27

18.50 25.67 508.97 ----- 18.50 26.07 ..... ..... .....- 44.57

18.67 25.13 508.96 ----- 18.24 25.63 ..... ..... .....- 43.88

18.83 24.58 508.95 ----- 17.99 25.20 - -----... .... 43.19

19.00 24.03 508.94 --7-- 17.74 24.77 ..... ..... .....- 42.50

19.17 23.48 508.93 ----- 17.49 24.34 ..... ..... .....- 41.83

19.33 22.93 508.92 ----- 17.24 23.92 ----- 41.15

19.50 22.37 508.91 ----- 16.99 23.49 ..... ..... .....- 40.48

19.67 21.81 508.90 ----- 16.74 23.07 ..... ..... .....- 39.82

19.83 21.24 508.90 ----- 16.50 22.66 ..... ..... .....- 39.15

20.00 20.68 508.89 ----- 16.26 22.24 ..... ..... .....- 38.50

20.17 20.12 508.88 16.01 21.83 ----- - ..... .....- 37.84

20.33 19.60 508.87 ----- 15.77 21.42 ..... ..... .....- 37.19

Continues on next oaoe...



Lake Took-a-While

Hydrograph Discharge Table

Time Inflow Elevation ClvA Clv B CIvC PfRsr WrA WrB WrC Wr D Exfil Outflow
(hrs)

20.50

20.67

20.83

21.00

21.17

21.33

21.50

21.67

21.83

22.00

22.17

22.33

22.50

22.67

22.83

23.00

23.17

23.33

23.50

23.67

23.83

24.00

24.17

24.33

24.50

24.67

24.83

cfs

19.16

18.83"

18.60

18.43

18.30

18.20

18.10

18.00

17.90

17.80

17.69

17.59

17.49

17.39

17.28

17.18

17.07

16.97

16.86

16.76

16.65

16.54

15.63

13.38

9.802

6.194

3.416

ft

508.86

508.85

508.84

508.83

508.82

508.81

508.81

508.80

508.79

508.78

508.78

508.77

508.76

508.76

508.75

508.74

508.74

508.73

508.73

508.72

508.72

508.71

508.71

508.70

508.69

508.68

508.67

508.66

cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

15.53 21.01 -----

15.30 20.61 -----

15.07 20.22 -----

14.84 19.83 -----

14.63 19.46 -----

14.41 19.10 -----

14.21 18.75 -----

14.01 18.41 -----

13.82 18.08 -----

13.63 17.76 -----

13.45 17.45 -----

13.27 17.15 -----

13.10 16.85 -----

12.93 16.57 -----

12.77 16.29 -----

12.61 16.02 -----

12.45 15.76 -----

----- ---- -- 12.30 15.50 -----

---- --- -- - - 12.16 15.25 -----

12.02 15.01

11.88 14.78

11.74 14.55

11.61 14.32

11.46 14.06

11.27 13.74

----- 11.04 13.35

---- -10.78 12.90

10.49 12.42

-----. -.--- 36.54

-----. -.--- 35.91

-----. -.--- 35.29

-----. --.--. .34.68

-----. -.--- 34.09

-----. -.--- 33.52

-----. -.--- 32.96

-----. -.--- 32.42

-----. -.--- 31.90

-----. -.--- 31.39

-----. -.--- 30.89

-----. -.--- 30.41

-----. -.--- 29.95

-----. -.--- 29.50

----- -29.05

----- -28.63

28.21

27.81

27.41

27.03

26.65

26.29

----- -25.92

----- -25.51

----- 25.01

-----. -.--- 24.40

-----. -.--- 23.68

-----. -.--- 22.91

Continues on next oaae...

25.00 '1.461



Lake Took-a-While

Hydrograph Discharge Table

Time Inflow Elevation Clv A Clv B Clv C PfRsr Wr A Wr B Wr C Wr D Exfil Outflow
(hrs) cfs ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

25.17 0.324 508.65 10.20 11.91 ----- 22.11

25.33 0.000 508.64 9.905 11.41 ----- 21.32

25.50 0.000 508.63 9.620 10.92 ----- 20.54

25.67 0.000 508.62 9.345 10.46 ----- 19.80

25.83 0.000 508.61 9.080 10.00 ----- 19.08

26.00 0.000 508.60 8.825 9.569 ----- 18.39

26.17 0.000 508.59 8.578 9.148 ----- 17.73

26.33 0.000 508.58 8.342 8.745 ------ 17.09

26.50 0.000 508.57 8.113 8.355 ----- 16.47

26.67 0.000 508.56 7.893 7.979 ----- 15.87

26.83 0.000 508.55 7.680 7.617 -.... 15.30

27.00 0.000 508.55 7.476 7.267 ----- 14.74

27.17 0.000 508.54 7.278 6.931 ----- 14.21

... End
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TR55 Tc Worksheet

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Hyd. No. 3
Area B

Description A

Sheet Flow
Manning's n-value
Flow length (ft)
Two-year 24-hr precip. (in)
Land slope (%)

0.240
300.0
2.89
3.00

B

0.011
0.0
0.00
0.00

C Totals

0.011
0.0
0.00
0.00

Travel Time (min) = 30.75 + 0.00 + 0.00 = 30.75

Shallow Concentrated Flow
Flow length (ft)
Watercourse slope (%)
Surface description
Average velocity (ft/s)

Travel Time (min)

Channel Flow
X sectional flow area (sqft)
Wetted perimeter (ft)
Channel slope (%)
Manning's n-value
Velocity (ft/s)

Flow length (ft)

= 730.00 0.00 0.00
= 9.50 0.00 0.00
= Unpaved Paved PaVE
=4.97 0.00 0.00

= 2.45 + 0.00 + 0.00

= 3.00 0.00 0.00
= 5.00 0.00 0.00
= 7.00 0.00 0.00
= 0.035 0.015 0.01
=8.00

0.00
0.00

({0})6453.0 0.0 0.0

.d

= 2.45

5

Travel Time (min) = 13.45 + 0.00 + 0.00 = 13.45

Total Travel Tim e, Tc .............................................................................. 46.60 min



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Hyd. No. 3

Area B

Hydrograph type = SCS Runoff Peak
Storm frequency = 10 yrs Time
Time interval = 2 min Hyd.
Drainage area = 234.000 ac Curve
Basin Slope = 7.8 % Hydra
Tc method = TR55 Time
Total precip. = 4.20 in Distril:
Storm duration = 24 hrs ShaDe

Thursday, Nov 18, 2010

discharge
to peak
/olume
number

ulic length
of conc. (Tc)
)ution
e factor

= 70.09 cfs
= 12.43 hrs
= 554,710 cuft
= 56
= 7140 ft
= 46.6 min
= Type II
= 484

I

Hydrograph Discharge Table
( Printed values >= 10.00% of Qp. Print interval = 5)

Time -- Outflow
(hrs cfs)

Time -- Outflow
(hrs cfs)

Time -- Outflow
(hrs cfs)

11.93

12.10

12.27

12.43

12.60

12.77

12.93

13.10

13.27

13.43

13.60

13.77

13.93

14.10

14.27

14.43

14.60

14.77

7.090

29.76

56.64

70.09

65.45

56.33

43.77

30.02

24.29

21.37

19.35

17.84

16.54

15.40

14.40

13.56

12.90

12.40

14.93

15.10

15.27

15.43

15.60

15.77

15.93

16.10

16.27

16.43

16.60

16.77

16.93

17.10

17.27

17.43

17.60

17.77

12.00

11.66

11.35

11.02

10.68

10.33

9.976

9.612

9.259

8.945

8.693

8.497

8.342

8.212

8.091

7.968

7.844

7.717

17.93

18.10

18.27

18.43

18.60

... End

7.587

7.456

7.322

7.187

7.049



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCADO Civil 3D® 2011 by Autodesk, Inc. v8 Thursday, Nov 18, 2010

Hyd. No. 4

Combined Area A and B

Hydrograph type = Combine Peak discharge = 101.34 cfs
Storm frequency = 10 yrs Time to peak = 12.77 hrs
Time interval = 2 min Hyd. volume = 3,307,163 cuft
Inflow hyds. = 2, 3 Contrib. drain, area = 234.000 ac

Hydrograph Discharge Table
( Printed values >= 20.00% of Qp. Print interval 5)

Time Hyd. 2 + Hyd. 3= Outflow

(hrs) (cfs) (cfs) (cfs)

12.17 5.974 40.17 46.15

12.33 11.43 65.97 77.40

12.50 24.10 68.82 92.92

12.67 38.07 62.29 100.36

12.83 49.11 51.65 100.76

13.00 59.17 38.08 97.25

13.17 64.62 26.70 91.33

13.33 66.98 23.00 89.98

13.50 68.26 20.47 88.73

13.67 68.94 18.71 87.65

13.83 69.19 17.30 86.49

14.00 69.13 16.06 85.19

14.17 68.80 14.98 83.79

14.33 68.28 14.04 82.32

14.50 67.58 13.27 80.86

14.67 66.77 12.69 79.46

14.83 65.88 12.23 78.12

15.00 64.94 11.86 76.80

15.17 63.96 11.54 75.50

15.33 62.96 11.22 74.18

15.50 61.94 10.88 72.83

Continues on next page...



Combined Area A and B

Hydrograph Discharge Table

Time Hyd. 2 + Hyd. 3 Outflow
(hrs) (cfs) (cfs) (cfs)

15.67 60.90 10.54 71.45

15.83 59.84 10.19 70.04

16.00 58.77 9.831 68.60

16.17 57.67 9.468 67.14

16.33 56.55 9.128 65.68

16.50 55.43 8.837 64.27

16.67 54.31 8.609 62.91

16.83 53.19 8.431 61.62

17.00 52.10 8.288 60.39

17.17 51.03 8.163 59.20

17.33 49.99 8.042 58.03

17.50 48.97 7.919 56.89

17.67 48.13 7.793 55.93

17.83 47.41 7.665 55.07

18.00 46.69 7.535 54.22

18.17 45.98 7.403 53.38

18.33 45.27 7.268 52.54

18.50 44.57 7.132 51.70

18.67 43.88 6.994 50.87

18.83 43.19 6.854 50.04

19.00 42.50 6.712 49.22

19.17 41.83 6.568 48.39

19.33 41.15 6.423 47.57

19.50 40.48 6.276 46.76

19.67 39.82 6.127 45.94

19.83 39.15 5.977 45.13

20.00 38.50 5.825 44.32

Continues on next page...



Combined Area A and B

Hydrograph Discharge Table

Time Hyd. 2 + Hyd. 3= Outflow

(hrs) (cfs) (cfs) (cfs)

20.17 37.84 5.674 43.51

20.33 37.19 5.537 42.73

20.50 36.54 5.426 41.97

20.67 35.91 5.348 41.26

20.83 35.29 5.295 40.58

21.00 34.68 5.260 39.94

21.17 34.09 5.236 39.32

21,33 33.52 5.214 38.73

21,50 32.96 5.191 38.15

21.67 32.42 5.169 37.59

21,83 31.90 5.146 37.04

22,00 31.39 5.123 36.51

22,17 30.89 5.099 35.99

22,33 30.41 5.076 35.49

22.50 29.95 5.052 35.00

22.67 29.50 5.027 34.52

22.83 29.05 5.003 34.06

23.00 28.63 4.978 33.61

23.17 28.21 4.953 33.16

23.33 27.81 4.928 32.73

23.50 27.41 4.903 32.31

23.67 27.03 4.877 31.90

23.83 26.65 4.851 31.51

24.00 26.29 4.825 31.12

24.17 25.92 4.525 30.45

24.33 25.51 3.770 29.28

24.50 25.01 2.593 27.61

Continues on next page...



Combined Area A and B

Hydrograph Discharge Table

Time Hyd. 2 + Hyd. 3 Outflow
(hrs) (cfs) (cfs) (cfs)

24.67 24.40 1.524 25.92

24.83 23.68 0.738 24.42

25.00 22.91 0.234 23.15

25.17 22.11 0.011 22.12

25.33 21.32 0.000 21.32

25.50 20.54 0.000 20.54

...End



Pond Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Pond No. 2 - Canal

Pond Data
Contours -User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 507.20 ft

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

Thursday, Nov 18, 2010

0.00
1.00
2.00
2.80
4.30

507.20
508.20
509.20
510.00
511.50

231,459
298,434
365,409
418,990
512,775

0
264,212
331,324
313,484
697,571

0
264,212
595,536
909,020

1,606,591

Culvert I Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr]

Rise (in) = 48.00

Span (in) = 48.00
No. Barrels 1

Invert El. (ft) = 505.20

Length (ft) = 40.00

Slope (%) = 0.01

N-Value = .012

Orifice Coeff. = 0.60

Multi-Stage = n/a

0.00 0.00 0.00
0.00 0.00 0.00
0 0 0

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 n/a
.013 .013 n/a
0.60 0.60 0.60
No No No

[A] [B] [C] [D]

Crest Len (ft) = 3.90 6.40 60.00 0.00

Crest El. (ft) = 507.20 508.20 510.00 0.00
Weir Coeff. = 3.33 3.33 2.60 3.33

Weir Type = Rect Rect Broad ---

Multi-Stage = Yes Yes No No

Exfil.(in/hr) = 0.000 (by Wet area)

TW Elev. (ft) = 0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control. Weir risers checked for orifice conditions (ic) and submergence (s).

Stage I Storage I Discharge Table
Stage Storage Elevation Clv A Civ B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0 507.20 0.00 --- --- --- 0.00 0.00 0.00 --- --- 0.000
1.00 264,212 508.20 4.01 oc --- --- --- 4.00 s 0.00 0.00 --- --- --- 4.005
2.00 595,536 509.20 4.94 oc --.--- -- 2.79s 2.12 s 0.00 -.--- --- 4.908
2.80 909,020 510.00 57.11 oc --- --- --- 28.59 s 28.51 s 0.00 --- --- --- 57.11
4.30 1,606,591 511.50 109.94 oc -.--- --- 49.54s 60.39s 286.59 --- --- 396.52



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Hyd. No. 5

Canal - Stop Log

Hydrograph type = Reservoir Peak
Storm frequency = 10 yrs Time
Time interval = 2 min Hyd.
Inflow hyd. No. = 4 - Combined Area A Fiuel
Max. Elevation = 509.99 ft Max.

discharge
to peak
/olume
voir name
Storage

Thursday, Nov 18, 2010

= 56.74 cfs
= 17.53 hrs
= 3,267,716 cuft
= Canal
= 905,762 cuft

Storage Indication method used.

Hydrograph Discharge Table ( Printed values >= 20.00% of Op. Print interval = 5)

Time Inflow Elevation CIvA CIv B CIv C PfRsr WrA Wr B Wr C Wr D Exfil Outflow
(hrs)

14.17

14.33

14.50

14.67

14.83

15.00

15.17

15.33

15.50

15.67

15.83

16.00

16.17

16.33

16.50

16.67

16.83

17.00

17.17

17.33

cfs

83.79

82.32

80.86

79.46

78.12

76.80

75.50

74.18

72.83

71.45

70.04

68.60

67.14

65.68

64.27

62.91

61.62

60.39

59.20

58.03

ft

509.29

509.39

509.47

509.54

509.61

509.66

509.71

509.76

509.80

509.84

509.87

509.89

509.92

509.94

509.95

509.96

509.97

509.98

509.99

509.99

cfs

18.22

25.44

30.66

34.85

38.36

41.33

43.89

46.14

48.05

49.74

51.16

52.39

53.44

54.30

55.00

55.56

56.00

56.33

56.56

56.69

cfs cfs cfs cfs cfs

-----. -.--- 10.15

-----. -.--- 13.91

-----. -.--- 16.52

-----. -.--- 18.55

-----. -.--- 20.21

.... .. 21.59

-----. -.--- 22.77

-----. -.--- 23.78

-----. -.--- 24.64

-----. -.--- 25.39

-----. -.--- 26.01

-----. -.--- 26.55

-----. -.--- 27.01

-----. -.--- 27.38

-----. -.--- 27.68

-----. -.--- 27.92

-----. -.--- 28.12

-----. -.--- 28.26

----- --.... 28.36

-----. -.--- 28.41

8.070

11.53

14.13

16.29

18.13

19.73

21.12

22.35

23.41

24.34

25.14

25.83

26.42

26.91

27.31

27.63

27.88

28.07

28.20

28.27

cfs cfs cfs cfs

-----. -.--- 18.22

-----. -.--- 25.44

-----. -.--- 30.66

----- ----- ,34.84

-----. -.--- 38.35

-----. -.--- 41.32

-----. -.--- 43.89

-----. -.--- 46.13

----- - ----- 48.04

----- -49.73

51.16

52.39

53.43

54.29

54.99

55.55

56.00

56.32

56.55

56.69

Continues on next page...



Canal - Stop Log

Hydrograph Discharge Table

Time Inflow
(hrs) cfs

17.50 56.89

17.67 55.93

17.83 55.07

18.00 54.22

18.17 53.38

18.33 52.54

18.50 51.70

18.67 50.87

18.83 50.04

19.00 49.22

19.17 48.39

19.33 47.57

19.50 46.76

19.67 45.94

19.83 45.13

20.00 44.32

20.17 43.51

20.33 42.73

20.50 41.97

20.67 41.26

20.83 40.58

21.00 39.94

21.17 39.32

21.33 38.73

21.50 38.15

21.67 37.59

21.83 37.04

22.00 36.51

Elevation
ft

509.99

509.99

509.99

509.99

509.98

509.98

509.97

509.96

509.96

509.95

509.94

509.93

509.92

509.91

509.90

509.89

509.87

509.86

509.85

509.84

509.82

509.81

509.80

509.78

509.77

509.76

509.75

509.73

CIvA CIv B CIvC PfRsr WrA WrB WrC WrD Exfil Outflow
cfs cfscfs cfs cfs cfs cfs cfs cfs cfs

56.74 -----

56.72 -----

56.64 .....

56.51 -----

56.33 -----

56.11 -----

55.85 -----

55.55 -----

55.21 -----

54.85 -----

54.45 -----

54.02 -----

53.57 -----

53.08 -----

52.57 -----

52.04 -----

51.49 -----

50.93 -----

50.35 -----

49.75 -----

49.13 -----

48.51 -----

47.89 -----

47.27 -----

46.66 -----

46.04 -----

45.41 -----

44.78 -----

28.44 28.30 ..... ..... .....- 56.74

----- 28.42 28.29 ----- 56.71

28.39 28.24 ----- 56.63

----- 28.33 28.17 ----- ---- 56.50

28.26 28.07 ----- 56.32

----- 28.16 27.94 ----- 56.10

28.05 27.79 ----- 55.84

----- 27.92 27.62 ----- 55.54

27.77 27.43 ----- 55.21

----- 27.62 27.22 ----- 54.84

----- 27.45 27.00 ----- 54.44

----- 27.26 26.75 ----- 54.02

----- 27.07 26.50 53.57

----- 26.85 26.22 53.08

----- 26.63 25.94 ----- 52.57

26.40 25.64 ----- 52.04

----- 26.16 25.33 ----- 51.49

25.91 25.01 ----- 50.92

----- 25.66 24.68 ----- 50.34

----- 25.39 24.35 ----- 49.74

.... 25.12 24.01 49.13

----- 24.84 23.66 ----- 48.50

24.56 23.32 ----- 47.88

24.29 22.97 ----- 47.26

24.01 22.63 ----- 46.64

23.74 22.29 ----- 46.03

23.45 21.94 45.40

23.17 21.60 ----- 44.77

Continues on next oaae...



Canal - Stop Log

Hydrograph Discharge Table

Time Inflow Elevation CIv A CIv B CIv C PfRsr Wr A Wr B Wr C Wr D Exfil Outflow
cfs(hrs)

22.17

22.33

22.50

22.67

22.83

23.00

23.17

23.33

23.50

23.67

23.83

24.00

24.17

24.33

24.50

24.67

24.83

25.00

25.17

25.33

25.50

25.67

25.83

26.00

26.17

26.33

26.50

26.67

cfs

35.99

35.49

35.00

34.52

34.06

33.61

33.16

32.73

32.31

31.90

31.51

31.12

30.45

29.28

27.61

25.92

24.42

23.15

22.12

21.32

20.54

19.80

19.08

18.39

17.73

17.09

16.47

15.87

ft

509.72

509.71

509:70

509.68

509.67

509.66

509.65

509.64

509.63

509.62

509.61

509.59

509.58

509.57

509.56

509.55

509.53

509.52

509.50

509.49

509.47

509.45

509.44

509.42

509.41

509.40

509.38

509.37

cfs cfs cfs cfs cfs cfs cfs cfs cfs

44.16 -----

43.55 -----

42.94 -----

42.35 -----

41.75 -----

41.14 -----

40.56 -----

39.98 -----

39.41 -----

38.86 -----

38.32 -----

37.77 -----

37.22 -----

36.63 -----

35.98 -----

35.24 -----

34.43 -----

33.56 -----

32.62

31.67

30.74

29.83

28.92

27.94

26.98

26.06

25.16

24.29

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

22.89 21.27 -----

22.61 20.93 -----

22.34 20.60 -----

22.07 20.28 -----

21.79 19.95 -----

21.51 19.63 -----

21.24 19.31 -----

20.97 19.00 -----

20.70 18.70 -----

20.45 18.40 -----

20.20 18.11 -----

19.94 17.82 -----

19.67 17.53 -----

19.39 17.22 -----

19.08 16.88 -----

18.73 16.49 -----

18.35 16.06 -----

17.94 15.61 -----

17.47 15.13 -----

17.01 14.65 -----

16.56 14.17

16.11 13.71 -----

15.67 13.25 -----

15.17 12.76 -----

14.69 12.29 -----

14.22 11.83 -----

13.77 11.39 -----

13.33 10.96 -----

-----. -.--- 44.15

-----. -.--- 43.54

-----. -.--- 42.94

-----. -.--- 42.35

-----. -.--- 41.74

-----. -.--- 41.14

-----. -.--- 40.55

-----. -.--- 39.97

-----. -.--- 39.41

-----. -.--- 38.85

-----. 38.31

-----. -.--- 37.76

-----. -.--- 37.20

-----. -.--- 36.62

-----. -.--- 35.96

-----. -.--- 35.22

-----. -.--- 34.41

-----. -.--- 33.55

-----. -.--- 32.60

-----. -.--- 31.66

-----. -.--- 30.73

-----. -.--- 29.82

-----. -.--- 28.92

-----. -.--- 27.94

-----. -.--- 26.98

-----. -.--- 26.05

-----. -.--- 25.16

-----. -.--- 24.29

Continues on next oaae...



Canal - Stop Log

Hydrograph Discharge Table

Time
(hrs)

26.83

27.00

27.17

27.33

27.50

27.67

27.83

28.00

28.17

28.33

28.50

28.67

28.83

29.00

29.17

29.33

29.50

29.67

29.83

30.00

30.17

30.33

...End

Inflow
cfs

15.30

14.74

14.21

13.70

13.46

13.27

13.08

12.89

12.71

12.53

12.35

12.17

12.00

11.83

11.66

11.49

11.33

11.17

11.01

10.85

10.69

10.54

Elevation
ft

509.36

509.35

509.33

509.32

509.31

509.30

509.30

509.29

509.28

509.27

509.27

509.26

509.26

509.26

509.26

509.25

509.25

509.25

509.25

509.25

509.24

509.24

CivA CIvB CIvC PfRsr WrA WrB WrC WrD Exfil
cfs cfs cfs cfs cfs cfs cfs cfs cfs

23.40 -----

22.42

21.48 -----

20.59 -----

19.76 -----

19.01 -----

18.32 -----

17.69 -----

17.12 -----

16.21 -----

15.43 -----

14.77 -----

14.21 -----

13.74 -----

13.33 -----

12.97 -----

12.64 -----

12.36 -----

12.10 -----

11.85 -----

11.63 -----

11.42 -----

----- ----- 12.88 10.52 ..... .....

12.36 10.06 ..... .....

----- ----- 11.86 9.615 .....

----- ----- 11.4 0 9 .195 ..... .....

-----. -.--- 10.96 8.803 .....

...... ----- 10.56 8.446 ..... .....

-----. -.--- 10.20 8.120 ......

-----. -.--- 9.870 7.823 .....

----- .9.566 7.549

..... .....- 9.062 7.143

-----. -.--- 8.626 6.794 .....

..... .....- 8.260 6.500

..... .....- 7.951 6.252

..... .....- 7.688 6.041

..... .....- 7.459 5.857

..... .....- 7.257 5.696

..... .....- 7.077 5.551

..... .....- 6.917 5.423

..... .....- 6.773 5.307

..... .....- 6.639 5.200

..... .....- 6.515 5.101

-----. -.-- 6.399 5.008

Outflow
cfs

23.40

22.41

21.48

20.59

19.76

19.01

18.32

17.69

17.12

16.20

15.42

14.76

14.20

13.73

13.31

12.95

12.63

12.34

12.08

11.84

11.62

11.41



HY-8 Culvert Analysis Report

Table 1 - Summary of Culvert Flows at Crossing: Proposed Canal Crossing

Headwater Elevation Total Discharge (cfs) Culvert 1 Discharge Roadway Discharge Iterations
(ft) (cfs) (cfs)

506.20 0.00 0.00 0.00 1

508.44 47.32 47.32 0.00 1

510.20 94.64 93.72 0.90 7

510.82 141.96 108.15 33.71 7

511.08 189.28 113.06 76.02 6

511.27 236.60 116.45 119.86 5

511.43 283.92 119.20 164.61 5

511.55 323.52 121.19 202.13 4

511.70 378.56. 123.69 254.77 4

511.82 425.88 125.63 299.86 3

511.94 473.20 125.68 347.24 3

510.00 88.56 88.56 0.00 Overtopping

Table 2 - Culvert Summary Table: Culvert 1

Total Culvert Headwater Outlet Outlet Tailwater
Discharge Discharge Elevation Control Flow Normal Critical Outlet Tailwater Velocity VelocityDsc Disc M Depthn(ft) D epControl Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (ftys) (ft/V )(cfs) (cfs) (ft) (f) Depth (ft)(f/) (/s

0.00 0.00 506.20 0.000 1.000 0-NF 0.000 0.000 0.000 0.000 0.000 0.000

47.32 47.32 508.44 3.057 3.245 2-M2c 4.000 2.057 2.061 0.814 7.251 1.319

94.64 93.72 510.20 4.908 5.000 2-M2c 4.000 2.925 2.935 1.229 9.485 1.709

141.96 108.15 510.82 5.618 5.565 2-M2c 4.000 3.139 3.145 1.561 10.214 1.981
189.28 113.06 511.08 5.883 5.769 2-M2c 4.000 3.209 3.211 1.849 10.455 2.195

236.60 116.45 511.27 6.073 5.910 2-M2c 4.000 3.244 3.255 2.107- 10.651 2.375

283.92 119.20 511.43 6.233 6.036 3-M2t 4.000 3.273 3.345 2.344 10.653 2.531
323.52 121.19 511.55 6.351 6.141 3-M2t 4.000 3.293 3.530 2.529 10.346 2.647

378.56 123.69 511.70 6.502 6.367 7-M2t 4.000 3.319 3.771 2.770 10.145 2.793

425.88 125.63 511.82 6.622 6.566 7-M2t 4.000 . 3.340 3.966 2.965 10.042 2.907
473.20 125.68 511.94 6.625 6.740 4-FFf 4.000 3.340 4.000 3.151 10.002 3.011

Inlet Elevation (invert): 505.20 ft, Outlet Elevation (invert): 505.20 ft

Culvert Length: 40.00 ft, Culvert Slope: 0.0000

Site Data - Culvert I

Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft

Inlet Elevation: 505.20 ft

Outlet Station: 40.00 ft

Outlet Elevation: 505.20 ft

Number of Barrels: 1



Culvert Data Summary - Culvert 1

Barrel Shape: Circular

Barrel Diameter: 4.00 ft

Barrel Material: Smooth HDPE

Embedment: 0.00 in

Barrel Manning's n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge with Headwall

Inlet Depression: NONE

Table 3 - Downstream Channel Rating Curve (Crossing: Proposed Canal Crossing)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude NumberElev (ft)

0.00 506.20 0.00 0.00 0.00 0.00
47.32 507.01 0.81 1.32 0.05 0.26
94.64 507.43 1.23 1.71 0.08 0.28
141.96 507.76 1.56 1.98 0.10 0.29
189.28 508.05 1.85 2.20 0.12 0.30
236.60 508.31 2.11 2.38 0.13 0.30
283.92 508.54 2.34 2.53 0.15 0.31
323.52 508.73 2.53 2.65 0.16 0.31
378.56 508.97 2.77 2.79 0.17 0.32
425.88 509.17 2.97 2.91 0.19 0.32
473.20 509.35 3.15 3.01 0.20 0.32

Tailwater Channel Data - Proposed Canal Crossing

Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 42.00 ft

Side Slope (H:V): 2.50 (:1)

Channel Slope: 0.0010

Channel Manning's n: 0.0300

Channel Invert Elevation: 506.20 ft



Roadway Data for Crossing: Proposed Canal Crossing

Roadway Profile Shape: Irregular Roadway Shape (coordinates)

Irregular Roadway Cross-Section:

Coord No. Station (ft) Elevation (ft)

1 0.00 511.50

2 5.00 511.00

3 35.00 510.70

4 67.00 510.00

5 80.00 511.30

Roadway Surface: Gravel

Roadway Top Width: 20.00 ft



Appendix B:

Plant List



Riverlands Mitigation Site Plant List

Common Name Size Qty. Spacing I.S. Notes

Red Maple #15 13 FAC

Shagbark Hickory #15 7 FACU Upland areas only
Black Gum #15 10 FACW Do not plant in areas with frequent standing

water

American Sycamore #15 7 FACW

Swamp White Oak #15 10 FACW

Pin Oak #15 20 FACW

65

Common Name Size Qty. Spacing I.S. Notes

Red Chockeberry #5 21 4-6' FACW

Winterberry #5 32 4-6' FACW 1 male for every 8 females

Spicebush #5 64 4-6' FACW

Highbush Blueberry #5 54 4-6' FACW

Arrowwood #5 21 4-6' FAC

Cranberry Bush #5 21 4-6' FACW

214

Common Name Size Qty. Spacing I.S. Notes
Thousand-flowered Quart 23 24"

Aster

Soft Rush Quart 55 24" OBL

Soft Stemmed Bullrush Quart 37 24" OBL

Blue Flag Quart 55 24" OBL

Swamp Milkweed Quart 37 24"

Fringed Sedge Quart 46 24" OBL

Fox Sedge Quart 46 24" OBL

New England Aster Quart 37 24"

White Turtlehead Quart 46 24"

New York Ironweed Quart 37 24"

Three-nerved Joe Pye Quart 41 24"

458



BELL BEND NUCLEAR POWER PLANT
WETLAND MITIGATION PLAN

RIVERLANDS SITE
SALEM TOWNSHIP, LUZERNE COUNTY, PENNSYLVANIA

PLAN DATE: OCTOBER 29,2010
REVISION 1: AUGUST 12,2011
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PIPE PROFILE
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