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1 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 I - Project Location Map

Riverlands Mitigation Project

Scale: 1" = 2,000
Location: 41*05'1 rN 76I08'02"W
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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.

MAP 13 PHYSIOGRAPHIC PROVINCES OF PENNSYLVANIA

D=rn

APTALACHIAN PLATEAUS PROVINCE EtDGE AND VA LIE PROVINCE PIEDMONT PIROVINCE

Figure 3- Physiographic Provinces Map of Pennsyl van/a

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 4 - Surficial Geology Map of Watershed
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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.
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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:

Hydrology and Hydraulics Data and Calculations
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500 10.84111.24111.55 12.30113.18 14.51 15.08 16.29118.05 110.371112.131112.911114.391115.311117.661119.781122.482.1•. . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . .-

1000 110.92 111.33 111.67 112.50 113.51 115.17 115.86 117.26 119.37 1112.261114.351115.181116.781117.631119.911121.981124.621128.231

* These precipitation frequency estimates ore hosed ona partia duration series. ARI is the Average Recurrence Interval
Please refer to NOA Alias 14 Documient tot morse inforcation. NOT i Formattig forces estimates near zero to appear as zero

*Upper bound of the 90% confidence interval
Precinitation Frecnuencv Estimates (inches)

yas hr hr hr 11 j day ]Fj1j dayF1
F57-]0.37 o0.571 0.70 F0.93 F11.14 [1.34 F1748 FI86F2.29 2.66 3.17 13.50 I[4.12 14.72 6.32 7.84 9.86 111.791

r- --10.440.69 0.84 1.12 1.38 1.62 F77E -2.73 3.19 3.80 F4.187 4.92 5.61 7.45 9.19 11.5 oF13771
= 7-"052 F0.80o 0.99 1.35 F1.705 2.01 F2.19 F27[3.36 F3.95 F4.69 F5. 1 5.97 F6.74 F8.69 F10.561 13.00r 8
10 0.58 0.89 I1.09 1.521.93 2.32 2F.54 3.91 4.61 5.47 5.93 6.88 7.71 9.75 111.7214.27 16.
25-0.65 0.99 1.231.7412.25 F2.79 -3.07ý4.74 5.65 6.70 7.20 8.30 9.19 11.36113.44 16.138188
50 111.08 1.34 1.91 2.52 3.21 3.54 48- 5.50 6.60 7.83 8.39 F9.59 11 0.531 12.77 F14.93117.712.

100 .78 1.17 1.45 ] 2.09 2.80 3.69 4.09 -16.38 5 1 7.73 19.18 9,77 1 111 12.061 14361 16.57 19.42 22-.
20 F-0.84 F1.26 1.577 2.29 F3.10 F4.23 r472 7.42 19.06 10.7611.411 12.87 13.82 16.15 18.40 421.272455

500-0.95 1.39 1.7412.58 3.5615.08 5.73 i-9.11 11.22113.33114.02 15.67 16.611118.88121.1323.98 27.54

1000 111.03 111.50 111.88 112.81 113.95 115.87 116.66 118.26 1110.651113.191115.711116.431118.241119.091121.271123.471126.261130.03
. .he..erhon ofte of.ece ..e .. .. ..c. .ecel.e.s.h.vle.hch5.o.hesmuaed.a.ie.aue.oragie.feuec.oe.raerta

•The upper bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are greater than.
These precipitation frequency estimates are based on a 0 a00 ial duration serieo , ARI is the Average Recurrence Interval.

Please refer to NOAA Atlas 14 Document for more information NOTE. Formatting prevents estimates near zero to appear as zero

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

1L__!_0lo30 10.47110.57 I0.75 I10.921II108 111.18 j[1.47 111.82 11.6126 1.7133 113.93 15.43 16.80 18.64 I1.4
111-10.35110.55 0[.68 0.91fl 1.1 11.30 11.42 [1.76 l2.17 t2.59 13.04 13.42 14.03 14.67 16.39 17.96 101.0712.1
11110.42 10.65110.801.091.37111.61 11.75 12.16 12.681[3.21 13.75 14.19 14.89 15.61 17.46 19.15 111.3813.6
1-0--]0.47110.72 01.88 1.23s 1.56111.86 [2.03 12.49 [3.10 [3.74 14.37 14.86 [5.63 16.40 18.37 110.141[12.4914.8
25 10.520.80 0.99 F 1.-3 1.81 12.2212.442.99 3.7414.57 5.34 5.89 6.79 7.62 9.73 1101.63114.101670
5--0.57 0.86 11.07 I1.52 9 1 2.54 2.79 3.43 4.31 5.33 16.23 6.84 7.83 8.71 10.92112.9015.46 518.22

100 0.61 0.9311.15 1.66 2.22 2.89 3.19 3.91 4.95 6.21 7.26 7.94 9.02 9.94 12.24 14.28 16.92 19.85

5 0.66 550.99 1.2311.80 2.44 3.28 3.64 4.47 5.67 7.25 8.46 9.21 110.4011.33 F13.72 15.79118.49121.6

0.7311.08 1.34 1.99 2.75 23.87 4.32 5.32 16.80 78.90 1 40.39 11.24 12.55 13.49 15.93118.03120.75124.11

10.. 0 . .. .. .. .. .. .. .. .. .. .. .. .. ..O3 2 4

1000 110.79 111.14 111.43 112.14 113.01 114.37 114.92 116.07 117.79 1110.381112.131113.061114.471115.411117.83 1119.911122.631126.16
* The lower bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency ate less than.

These precipitation frequency estimates are based on a oartial duration maxima series. ARI is the Average Recurrence Interval

mhtml: file://P:\PROJECTS\Environmental\PPL - Wetland Permitting Oversite E-726-L8\... 1 1/18/2010



Precipitation Frequency Data Server

Please refer to NOAA Alias 14 Documrent for more information. NOTE: Formatting prevents 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 W4 685 ft

29

27
26
24

22

21

20 1

I £25 5 1520 0

17
11

0 h 14 --- --- 2
13

4r
19 6 2 6 6 6 6
Lvrg Reurec Itrvl(yas

Thu 7~r1 34:e21

Page 2 of 3

Duration
5-min - 48-hr - 30-day -

16-rin - 3-hr - 4-clay -
-r~~ --- ---

7
-day -U- 66-day -a

30-minr, 12-hr -- >J:- " "
60-min - 24-hr -e- 20-da,-

Partial duration based Point Precipitation Frequency Estimates - Version: 3
41.0868 M 76.1595 W4 685 ft

.C

0

4.

'I

iL

29
29
2726
25
24
23
22
21
20
19
16
1716
15
14
13
12
11
1i
9
8
7
6
5
4
3
2

Thu Mar

C C C C C a L L L L L L L L L 3ý3 13 , MD ý=

S. . . Z ZE ZC C£ Z£ m M am m 55 a a M
a I 5 Q I I I "a ," 'o ' ' " ,0 -a "-'a, , ,T
I I j I r.U IOQ 't Q m I I I I I I

wl in C; Ca - -Ir iu C.) u M In r DIn CD %In in
P') aU q' Duration (Ii (n 'D

18 13141830 2010

Average Recurrence Interval
(years)

2-- 100-

10 -6-- 500 -+--
25 -- 4- 1000 --

Maps -
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Precipitation Frequency Data Server Page 3 of 3

v4~

F~.

1 4 C.5

I 7tY'b iI Oitd loI 00
0
h11 qoR o"Li 70(W

These maps were produced using a direct map request from the

U S Census Bureau Mapping and CartotraNn( Resources
Tiger Map Server

Plaseread oh, for more in/irmation.

LEGEND
---- A i State -Connector

-, 2.. -County Stream
Indian Resv t Military Area
LakelPondlOcean National Park
Street Other Park
Expressway City

"- " ,-- .* Highway 0 -R unty 6  8 ri
Scale 1:220583 14 '6.8'IO0 mS*average-true scale Zpent&s on stI torl" IOes IOt

7rA.-wl 7r, -;--w 7r;.1 •b 7A;.0-ld

Other Maps/Photographs -

View USGS digital 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 datafrom a variety of sources, but largely NCDC. The/b/lowing links provide general infbrmation
about observing sites in the area, regardless ofif their data was used in this study. For detailed inobrmation about the stations used in this study,
please refer to NOAA Atlas 14 Document.

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

( +/-30 minutes . OR... +/-1 degree of this location (41.0868/-76.1595). Digital ASCII data can be obtained directly from NCDC.

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

(301) 713-1669

Questions?: HDSC Oucmoonssz noaa.Lo,

Disclaimecr

mhtml:file://P:\PROJECTS\Environmental\PPL - Wetland Permitting Oversite E-726-L8\... 11/18/2010
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Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8 0
El yd L]E o LL]

Area A

Lie ilii [tion Li Lotal L

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

EraLel Lii e IE] ini

i[iEalloLi Lion~entrated FloFi
Flow length (ft)
Watercourse slope (%)
Surface description
Average velocity (ft/s)

Era Eel LiiL e [L] in[]

[]LCannel Flo1i
X sectional flow area (sqft)
Wetted perimeter (ft)
Channel slope (%)
Manning's n-value
Velocity (ft/s)

Flow length (ft)

0.170
300.0
2.89
1.00

0.011
0.0
0.00
0.00

0.011
0.0
0.00
0.00

I NNE1 [ L L[0i0 Li. LIUL Li Li1i2ri

= 100.00
= 2.00
= Unpaved
=2.28

0.00
0.00
Paved
0.00

0.00
0.00
Paved
0.00

E ILEL Li LI110 L DEMIL Li , LIIO

= 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

0.0({0})3600.0 0.0

Elra De I L~iEie [LIE i nE L[ l1IW El LiINiN EL W10i Li LILIIIED

Eotal Lra Eel i0 e iIN LILI~i•• • 1 i Li inL11792 D in



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

D yd 1313 o EID1

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
=O ft
= 50.3 min
= Type II
= 484

ElydrograD 113 Li nDEarge EaDle
(Printed values >= 10.00% of op. Print interval = 5)

EiD e Ll utrloD

11.83 54.79

12.00 171.73

Wi le [iEDut[toI

14.83 47.47

.,.End
12.17

12.33

321.85

443.95

12.50 440.20

12.67 377.45

12.83 299.15

13.00 212.371
13.17 133.89

13.33 100.52

13.50 87.05

13.67 77.70

13.83 70.86

14.00 65.10

14.17 60.14

14.33 55.92

14.50 52.39

14.67 49.63



Pond De[]ort
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D@ 2011 by Autodesk, Inc. v8 Thursday, Nov 18, 2010

Pond DoDL D Lale EooDL]aEE Dile

Pond Data

DontourD [User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 508.03 ft

Etage W~torage Lalile

Atage ECD Cleration [Ito Contour area EDl[tD [hErDftorage EIuJtD Eotal Etorage EMuftr

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

liul~ert WriifEe DtruEturel Ui eir LitruLtureD

EMD ED DL EIPrEDErl EE ED LL nD OD

JiCe [InC = 0.00 0.00 0.00 0.00 CreEf Len EtC = 6.00 12.00 0.00 0.00
DCan E[nC = 0.00 0.00 0.00 0.00 Crelt 0IDEMC = 508.03 508.23 0.00 0.00

DoDmarrelC = 0 0 0 0 C eir Doel-M = 3.33 3.33 3.33 3.33

EhDert DIDOtD = 0.00 0.00 0.00 0.00 Cl eir Ly~e = Rect Rect ......

LengtD 1tC = 0.00 0.00 0.00 0.00 Multioptage = No No No No

DioEe ] C = 0.00 0.00 0.00 n/a
D[Ealue = .013 .013 .013 n/a

[rili@e DoeE10 = 0.60 0.60 0.60 0.60 CC[ilE)inELr0 = 0.000 (by Contour)
Multilitage = n/a No No No CC] CleEl-MtE = 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).

Dtage Dlotorage DiDiDiLarge LaLle
Etage Ctorage Cle~ation DID ClIE C0 DICE 1 Pr[Ilr E r Cl 11 r C D r CC CEl CDer Eotal
It Du It It DC DD EC DEC DE E D DIE CEE E DL]D DCE

0.00 0 508.03
5.00 5,686,933 513.03

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

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



DydrograwD DeDort
* Hydraflow Hydrographs Extension for AutoCAD® Civil 3D1 2011 by Autodesk, Inc. v8 Thursday, Nov 18, 2010

Lake Took-a-While

Hydrograph type = Reservoir Peak discharge = 69.20 cfs
Storm frequency = 10 yrs Time to peak = 13.87 hrs
Time interval = 2 min Hyd. volume = 2,752,453 cuft
Inflow hyd. No. = 1 - Area A Reservoir name = Lake Took-a-While
Max. Elevation = 509.25 ft Max. Storage = 1,385,064 cuft

Storage Indication method used.

1Dydrograww 88 i 8 arge liaole ( Printed values -= 20.00% of Op. Print interval = 5)

ElliE e -ni E11.00
Elr[][] CED•

12.50 440.20

12.67 377.45

12.83 299.15

13.00 212.37

13.17 133.89

13.33 100.52

13.50 87.05

13.67 77.70

13.83 70.86

14.00 65.10

14.17 60.14

14.33 55.92

14.50 52.39

14.67 49.63

14.83 47.47

15.00 45.70

15.17 44.17

15.33 42.75

15.50 41.33

15.67 39.90

ElleElation

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

DIE] E EILL DVIL PLE~r
DIU DE11 FL]

E rL ErD r L0rL0 rDE DLJII
DL] EWE1 DL D M

D ut~ioll

10.93 13.17 ..... ..... .....

----- ----- ----- ----- 16 .10 2 1.9 7 ..... ..... .....

----- ----- ----- ----- 20 .17 28 .94 ..... ..... .....

----- ----- ----- ----- 23.72 35 .4 5 ..... ..... .....

----- ----- ----- --- 25.65 38.98 ..... ..... .....

26.48 40.50 ..... ..... .....

----- .----- ----- ----- 2 6 .9 3 4 1.3 3 ..... ..... .....

----- - ----- ----- ----- 2 7 .17 4 1 .7 6 ..... ..... .....

-----.-.---. --.-- 27.26 4 1.93 ..... ..... .....

----- ----- ----- ----- 27.24 4 1.89 ..... ..... .....

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 ..... ..... .....

24.10

38.07

49.11

59.17

64.62

66.98

68.26

68.94

69.19

69.13

68.80

68.28

67.58

66.77

65.88

64.94

63.96

62.96

61.94

60.9024.33 36.57 ..... ..... .....

Continues on neFt pa 7e...



Lake Took-a-While

IlydrograEll LDi WElarge EaDle

li De [A, to El
El~r EIEI WEE

15.83 38.44

16.00 36.97

16.17 35.51

16.33 34.12

16.50 32.90

16.67 31.91

16.83 31.11

17.00 30.46

17.17 29.90

17.33 29.38

17.50 28.86

17.67 28.34

17.83 27.81

18.00 27.28

18.17 26.75

18.33 26.21

18.50 25.67

18.67 25.13

18.83 24.58

19.00 24.03

19.17 23.48

19.33 22.93

19.50 22.37

19.67 21.81

19.83 21.24

20.00 20.68

20.17 20.12

20.33 19.60

Oletation L)I [II [AIL[] El0100 PETUEr 0 rE [I0rE0 Er 0 [rE [11111
Et

509.15

509.14

509.13

509.11

509.10

509.09

509.08

509.07

509.06

509.04

509.03

509.02

509.01

509.00

508.99

508.98

508.97

508.96

508.95

508.94

508.93

508.92

508.91

508.90

508.90

508.89

508.88

508.87

Dry] WED WIEU WEE WEE W Om WE WE

23.96 35.89 ..... ..... .....

2 3 .5 8 3 5 .1 9 ..... .. ... . ....

2 3 .1 9 3 4 .4 8 ..... ..... .....

22.80 33.76 ..... ..... .....

2 2 .4 0 3 3 .0 3 ..... ..... .....

22.00 32.30 ..... ..... .....

2 1 .6 1 3 1 .5 8 .... . . .... .... .

2 1 .2 3 3 0 .8 8 ..... ..... .....

2 0 .8 5 3 0 .1 8 ..... ..... .....

2 0 .4 8 2 9 .5 1 ..... ..... .....

2 0 .1 2 2 8 .8 5 ..... ..... .....

19.82 28.32 ..... ..... .....

1 9 .5 5 2 7 .8 6 ..... ..... .....

1 9 .2 8 2 7 .4 0 ..... ..... .....

1 9 .0 2 2 6 .9 5 ..... ..... .....

18.76 26.51 ..... ..... .....

1 8 .5 0 2 6 .0 7 ..... ..... .....

18.24 25.63 ..... ..... .....

1 7 .9 9 2 5 .2 0 ..... ..... .....

1 7 .7 4 2 4 .7 7 ..... ..... .....

1 7 .4 9 2 4 .3 4 ..... ..... .....

17.24 23.92 ----- ----

1 6 .9 9 2 3 .4 9 ..... ..... .....

16.74 23.07 ----- .....

16.50 22.66 ..... .....

16.26 22.24 ..... .....

16.01 21.83 ..... .....

15 .77 2 1.42 ..... .....

UOD
[] ut[IoL

59.84

58.77

57.67

56.55

55.43

54.31

53.19

52.10

51.03

49.99

48.97

48.13

47.41

46.69

45.98

45.27

44.57

43.88

43.19

42.50

41.83

41.15

40.48

39.82

39.15

38.50

37.84

37.19

Continues on ne Et pa e...



Lake Took-a-While

Eilydrograw1 DiLJOEarge EaDle

[Zin e [n [too
LIErL] [LIE]

20.50 19.16

20.67 18.83

20.83 18.60

21.00 18.43

21.17 18.30

21.33 18.20

21.50 18.10

21.67 18.00

21.83 17.90

22.00 17.80

22.17 17.69

22.33 17.59

22.50 17.49

22.67 17.39

22.83 17.28

23.00 17.18

23.17 17.07

23.33 16.97

23.50 16.86

23.67 16.76

23.83 16.65

24.00 16.54

24.17 15.63

24.33 13.38

24.50 9.802

24.67 6.194

24.83 3.416

Elie~ation 0100M OIL] 0 DIIIIJ P ED Efr 1 r[ LFr] tiDrE L 0r] 0 DOM LI ut~loLI
DWME

It

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

OEID DELI OM

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- - ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

----- ----- -----

FM LEE]l MI FE WE] ME

1 5 .5 3 2 1 .0 1 ..... ..... .....

1 5 .3 0 2 0 .6 1 ..... ..... .....

1 5 .0 7 2 0 .2 2 ..... ..... .....

1 4 .8 4 1 9 .8 3 . ..... ..... .....

1 4 .6 3 1 9 .4 6 ..... ..... .....

1 4 .4 1 1 9 .1 0 ..... ..... .....

1 4 .2 1 1 8 .7 5 ..... ..... .....

1 4 .0 1 1 8 .4 1 ..... ..... .....

1 3 .8 2 1 8 .0 8 ..... ..... .....

1 3 .6 3 1 7 .7 6 ..... ..... .....

1 3 .4 5 1 7 .4 5 ..... ..... .....

13.27 17.15 ..... ..... .....

1 3 .1 0 1 6 .8 5 ..... ..... .....

12 .9 3 16 .5 7 ..... ..... .....

1 2 .7 7 1 6 .2 9 ..... ..... .....

1 2 .6 1 1 6 .0 2 ..... ..... .....

12 .4 5 1 5 .7 6 ...... ..... .....

12.30 15.50 ----- ..... .....--

12 .16 15 .2 5 ..... ..... .....

12 .0 2 15 .0 1 ..... ..... .....

1 1 .8 8 14 .7 8 ..... ..... .....

1 1 .7 4 1 4 .5 5 ..... ..... .....

1 1 .6 1 1 4 .3 2 ..... ..... .....

1 1 .4 6 14 .0 6 ..... ..... .....

1 1 .2 7 1 3 .7 4 ..... ..... .....

11.04 13.35 ..... ..... .....

10 .7 8 12 .9 0 ..... ..... .....

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

)

25.00 1.461 ----- 10.49 12.42 ..... ..... .....

Continues on neEt paEe...



Lake Took-a-While

Eydrograw DEio[1Ilarge La[:le

Eli[] e ME IoL D ile~ation DILLD DIDD DI100 PELEIDO DrE0I Lri DElr 0 D r El DELiI Dut[toD
IErUD

25.17

25.33

25.50

25.67

25.83

26.00

26.17

26.33

26.50

26.67

26.83

27.00

27.17

...End

0.324

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

[A

508.65

508.64

508.63

508.62

508.61

508.60

508.59

508.58

508.57

508.56

508.55

508.55

508.54

OE EHL DE]] FLI IE =lT LEIO LED FM

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

----- -----

10.20 11.91 -----

9.905 11.41 -----

'9.620 10.92 -----

9.345 10.46 -----

9.080 10.00 -----

8.825 9.569 -----

8.578 9.148 -----

8.342 8.745 -----

8.113 8.355 -----

7.893 7.979 -----

7.680 7.617 -----

7.476 7.267 -----

7.278 6.931 -----

LED

22.11

21.32

20.54

19.80

19.08

18.39

17.73

17.09

16.47

15.87

15.30

14.74

14.21



2
000 W11 D] orl[Ileet

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

El yd LE o [W

Area B

WeDEnri tion EW EW EW Eotal I

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

0.240
300.0
2.89
3.00

0.011
0.0
0.00
0.00

0.011
0.0
0.00
0.00

EraDLel EiD e LWE inD W DEEEEW W DEED W W01D W WEDEW

]EalIIoW Wlon~entrated FloW1
Flow length (ft)
Watercourse slope (%)
Surface description
Average velocity (ft/s)

EraEel Eli De [] in[]

W]Eannel 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 Paved
=4.97 0.00 0.00

D 2LED D1 W1EE ]D D0 WED D 2EIED

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

0.00
0.00

({0})6453.0 0.0 0.0

E rWWW L1 DUWEED D WEED0 ED DrEE11WraEel Wi[ Ee [ inDE

Wotal EraEel DiD e EDE FTMT17TRIFIR 1111111111111111111111111111111111111111 ffUTMTMTn I I I ii I I I ii I I I I ii 11111111 WDEEW W in



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

EDydL1OoL1I

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 Distrit
Storm duration = 24 hrs Shape

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

EDydrograziD EWiDE

Eli Ee LEIIIutLto E
L~rE DEILD

]Large Ea[]le
(Printed values >= 10.00% of Qp. Print interval = 5)

iDi e ME]Dut[toI
lEr E [E31ED

WiD e EDEutLoW1
LirW] 01M

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



Dydrograwl De[3ort

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

49i'DydID o EL

Combined Area A and B

Hydrograph type = Combine Peak
Storm frequency = 10 yrs Time
Time interval = 2 min Hyd.
Inflow hyds. = 2, 3 Contr

Thursday, Nov 18, 2010

(
discharge
to peak
volume
ib. drain, area

= 101.34 cfs
= 12.77 hrs
= 3,307,163 cuft
= 234.000 ac

ElydrograwDi DimDO~arge EaEle
( Printed values >= 20.00% of Op. Print interval = 5)

DiE e

12.17

12.33

12.50

12.67

12.8•.,

t113.CJ"

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

[ydt2 0

5.974

11.43

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

66.77

65.88

64.94

63.96

62.96

61.94

nydEW D

40.17

65.97

68.82

62.29

51.65

38.08

26.70

23.00

20.47

18.71

17.30

16.06

14.98

14.04

13.27

12.69

12.23

11.86

11.54

11.22

10.88

E]utfIoE

46.15

77.40

92.92

100.36

100.76

97.25

91.33

89.98

88.73

87.65

86.49

85.19

83.79

82.32

80.86

79.46

78.12

76.80

75.50

74.18

72.8315.50

Continues on neit pace...



Combined Area A and B

DydrograDD DiJElarge Ealle

Eio e [iyd£2 LI EydW I] EI utMLoO
LLErW- [EDhL [I[]= E

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 neEt pa e...



Combined Area A and B

. DydrograLliD DiwEarge EaDle

Eil] e OydL2L] [OydWE] 1 iut loOl
[]ErWT- Dormilh ~

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 neIt pa e...



Combined Area A and B

ElydrograOO OimEarge Ealle

ouitEIoEI

oioe DydE2 EI EydEIL 
_1 0_

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

Pond LoL2 L Lanal

Pond Oata
oontouro [User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 507.20 ft

Etage E0torage Ea~le
Atage [tC Oleoation EtO Contour area E[][tC Fn~rrftorage EDuItC Gotal Etorage 0u~tOI

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

EluiLert WlridEte 5tru~ture~L El eir DtruEtureL

LIEU 0 1L00 1100 [PrEIE ErL OfLo EODO EEL E]L

•iCe Ei•nO = 48.00

OCan LinO = 48.00
Oo[]arrelO = 1

[htert OIEfIltO = 505.20

LengtO AtO = 40.00
Olo~e EE C = 0.01
LOLalue = .012

CriUEIe Ooe0l = 0.60
MultioEtage = 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

CreEt Len 1tO = 3.90 6.40 60.00 0.00
OreEt OIRtO = 507.20 508.20 510.00 0.00

C eir OoeGFlT = 3.33 3.33 2.60 3.33

C eir Lyre = Rect Rect Broad ---

MultioEtage = Yes Yes No No

O[IIIEIin[rO = 0.000 (by Wet area)
C00C eEtO = 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).

Utage O itorage [DiDEWEarge La~le
Otage Ctorage Cle-ation 01CC0 CiC 0C 010 C PrE]Lr C r C 0 r C 0 r C 11 r 1 011M OEer [otal
It Du It [It DM EE LE DE DEE DECD DEE [LE DIEE

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 60.39 s 286.59 --- --- --- 396.52



Dydrograw= De[iort

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

[] yd DO o FIR

Canal - Stop Log

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

discharge
to peak
volume
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.

OydrograDD Di lED arge Ealle ( Printed values >= 20.00% of Op. Print interval = 5)

EJi Le TnElOn LleEation E10E] El E] [I1L E l P EIEr El r 0 0 r lir [IrE] rIrI01 [IutE[o0
L-ErEE LEE

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

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

Et

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

OE0 00L]

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 -----

LI]] EL])] WE] LE]] [LII] [I]]

-----. -.--- 10.15 8.070 ..... .....

-----. -.--- 13.91 11.53 ..... .....

-----. -.--- 16.52 14.13 ..... .....

-----. --.--. . 18.55 16.29 ..... .....

-----. -.--- 20.21 18.13 ..... .....

-----. -.--- 21.59 19.73 ..... .....

----- ------ 22.77 21.12 ..... .....

-----. -.--- 23.78 22.35 ..... .....

-----. -.--- 24.64 23.41 ..... .....

-----. -.--- 25.39 24.34 ..... .....

-----. -.--- 26.01 25.14 ..... .....

-----. -.--- 26.55 25.83 ..... .....

-----. -.--- 27.01 26.42 ..... .....

-----. -.--- 27.38 26.91 ..... .....

-----. -.--- 27.68 27.31 ..... .....

-----. -.--- 27.92 27.63 ..... .....

-----. -.--- 28.12 27.88 ..... .....

-----. -.--- 28.26 28.07 ..... .....

-----. -.--- 28.36 28.20 ..... .....

-----. -.--- 28.41 28.27 ..... .....

WEID WE]

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

56.6917.33 58.03 509.99 56.69

Continues on nett pate...



Canal - Stop Log

j IydrograLI JiEIDEarge La~le

EJi le In [toL Elle[-ation DI0] E 1E I E IEmEI PrJLEr OrO El r E 11ir 1 1 Er 1 111 Ei DUttio
LEr[DO

17.50

17.67

17.83

18.00

18.17

18.33

18.50

18.67

18.83

19.00

19.17

19.33

p19.50

19.67

19.83

20.00

20.17

20.33

20.50

20.67

20.83

21.00

21.17

21.33

21.50

121.67

21.83

22.00

56.89

55.93

55.07

54.22

53.38

52.54

51.70

50.87

50.04

49.22

48.39

47.57

46.76

45.94

45.13

44.32

43.51

42.73

41.97

41.26

40.58

39.94

39.32

38.73

38.15

37.59

37.04

36.51

It

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

EED DEE DEIED T LET L ] LEE DE LIED

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

28.42 28.29

28.39 28.24 -----

28.33 28.17 -----

28.26 28.07 -----

28.16 27.94 -----

28.05 27.79 -----

27.92 27.62 -----

27.77 27.43 -----

27.62 27.22 -----

27.45 27.00 -----

27.26 26.75 -----

27.07 26.50 -----

26.85 26.22 -----

26.63 25.94 -----

26.40 25.64 -----

26.16 25.33 -----

25.91 25.01 -----

25.66 24.68 -----

25.39' 24.35 -----

25.12 24.01 -----

24.84 23.66 -----

24.56 23.32 -----

24.29 22.97

24.01 22.63 -----

23.74 22.29 -----

23.45 21.94 -----

23.17 21.60 -----

-----. -.--- 56.74

-----. -.--- 56.71

-----. -.--- 56.63

-----. -.--- 56.50

----- 56.32

-----. 56.10

----- - ----- 55.84

..... .---- 55.54

----- 55.21

-----. -.--- 54.84

54.44

----- -54.02

-----. -.--- 53.57

-----. -.--- 53.08

-----. -.--- 52.57

-----. -.--- 52.04

-----. -.--- 51.49

-----. -.--- 50.92

-----. -.--- 50.34

-----. -.--- 49.74

-----. -.--- 49.13

-----. -.--- 48.50

-----. -.--- 47.88

-----. -.--- 47.26

-----. -.--- 46.64

-----. -.--- 46.03

-----. -.--- 45.40

-----. -.--- 44.77

Continues on nett pate...



Canal - Stop Log

SlydrograDE [iJEElarge EaDlle

WiE e i[to E
Ef~rLD OFF

22.17 35.99

22.33 35.49

22.50 35.00

22.67 34.52

22.83 34.06

23.00 33.61

23.17 33.16

23.33 32.73

23.50 32.31

23.67 31.90

23.83 31.51

24.00 31.12

24.17 30.45

24.33 29.28

24.50 27.61

24.67 25.92

24.83 24,.42

25.00 23.15

25.17 22.12

25.33 21.32

25.50 20.54

25.67 19.80

25.83 19.08

26.00 .18.39

26.17 17.73

26.33 17.09

26.50 16.47

26.67 15.87

Wletation DIDE DIE 1111DI0 PETELr El r El El r L1 E r 1 r[]LrE DrLII DutiloL]
It

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

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 -----

EEF0 EII] OM31]

-----. -.--- 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 -----

ET WE WE3•

-----. -.--- 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

7.-.-- .- .--- 34.4 1

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

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

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

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

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

----- ----- 28.92

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

----- I ----- 26.98

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

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

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

Continues on neEt pate...



Canal - Stop Log

jLlydrograwD LAiL1arge Ea~ile

ilD e Fn [IOE0
LIErLDZ OM

26.83 15.30

27.00 14.74

27.17 14.21

27.33 13.70

27.50 13.46

27.67 13.27

27.83 13.08

28.00 12.89

28.17 12.71

28.33 12.53

28.50 12.35

28.67 12.17

28.83 12.00

29.00 11.83

29.17 11.66

29.33 11.49

29.50 11.33

29.67 11.17

29.83 11.01

30.00 10.85

30.17 10.69

30.33 10.54
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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

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 -----

WE Dm am mi Dm Dm TB

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

----- -12.36 10.06 ..... ..... .....

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

----- - ----- 11.40 9.195 ..... ..... .....

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

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

----- .---1-- 10.20 8.120 ..... ..... .....

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

-----. -.--- 9.566 7.549 ----- ..... .....

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

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

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

-----. -.--- 7.95 1 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 5.10 1 ..... ..... .....

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

EutlioE

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

...End



DWUlL l]ul~ert L naly[LIn DeLlort

LaDle 0 DuOW 0I ary o[ ul~ert FloO Oat LroDEing: ProEoted Lanal irolling

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

Caile 2 W][uliert DuO 0 ary EaDle: Lul~ert F1

Total Culvert Headwater Inlet Control Outlet Fo Outlet Tailwater
Discharge Discharge Elevation Control Velocity Velocity

(cfs) (cfs) (ft) Depth t) Depth (ft) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (f/s) (ftis)

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

Elite Data lD[ullert I1

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



Dulliert Data DuD 0 ary DEIulDert U

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

[aDle D 00o~nltreaDl DDannel Dating Dlur~e Llro[]ting: Pro[3o~ed Danal DroDlingo

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

Dail[ater D[3annel Data DPro~oued Danal DroDFing

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



Ooadlay Eata Eor ELro[Iing: Prolo~ed Oanal LOro[Iing

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

0

0
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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

TABLE OF CONTENTS

SHEET 1 - COVER
SHEET 2 - GRADING PLAN
SHEET 3 - PROFILES & CROSS SECTIONS
SHEET 4 - CONSTRUCTION DETAILS
SHEET 5 - ORIGINAL CONSTRUCTION DETAILS
SHEET 6 - E&S PLAN
SHEET 7 - E&S NARRATIVE & DETAILS
SHEET 8 - LANDSCAPING PLAN
SHEET 9 - LANDSCAPING DETAILS

CUENT ADDRESS:
PPL BELL BEND. LLC.

38 BOMBOY LANE, SUITE 2
BERWICK, PENNSYLVANIA 18603
PHONE: (570) 802-5638
FAX: (570) 802-5639

LOCATION MAP

1> , ,. r717-627-4440

fax. 71746274060

Land .. .... .. ..
Studies 315 North Street I Utltz, PA 17543 ... . .. . .

P
SITE MAP
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