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1.0 PROJECT OVERVIEW

INTRODUCTION

Sunoco Pipeline, L.P. (Sunoco) has contracted Tetra Tech, Inc. (Tetra Tech) to conduct a

floodplain study at the Houston Injection Site in Chartiers Township, Washington County,

Pennsylvania (Project Site). Sunoco is proposing to install natural gas liquid facilities at the

Houston Injection Site located at the confluence of Chartiers Run and Westland Run. The

proposed facilities are located within a Federal Emergency Management Agency (FEMA) Zone A

floodplain (no base flood elevations defined). In accordance with the Chartiers Township

Floodplain Management Ordinance, the intent of this study is to determine base flood elevations

at the proposed Project Site to quantify the effect of Sunoco’s proposed development on the base

flood elevations of Chartiers Run and Westland Run. According to the ordinance, Water Surface

Elevations resulting from the proposed encroachment shall not cause an increase of more than

one (1) foot in the 100-year Base Flood Elevation (BFE). Study reaches extend approximately

870 feet along Westland Run and 2,090 feet along Chartiers Run (past the confluence of these

two streams). Upstream on Westland Run exists a bridge at the crossing of Ullom Road. A site

location map is located in Appendix A.

Hydrologic and Hydraulic (H&H) calculations were completed to estimate and route the 100-year

flood flow rate through Chartiers Run and Westland Run to the downstream confluence on

Chartiers Run. Existing and proposed Project Site conditions were modeled. This revision

includes revised final grading at the Project Site.

PROJECT DESCRIPTION

The purpose of the floodplain study on Chartiers Run and Westland Run (Project) is to quantify

changes to the base flood elevation resulting from proposed grading as part of site development

at the Houston Injection site. Hydraulic analysis for the Project was completed using the computer

program Hydrologic Engineering Center River Analysis System (HEC-RAS), developed by the US

Department of Defense, Army Corps of Engineers.

SITE INFORMATION

The Project is located in Chartiers Township, Washington County, Pennsylvania. The Project site

is at the confluence of Chartiers Run and Westland Run as shown on Figure A-1. A detailed

Flood Insurance Study (FIS), Number 422144, of Chartiers Run was completed downstream of

the Project site; however, no detailed study was completed for either Westland Run or Chartiers

Run upstream of the confluence. The Flood Insurance Rate Map (FIRM) Panel 4221440005,

effective February 1, 1980, shows the 100-year floodplain for the Project site as a Zone A

floodplain, having no published water surface elevations or defined floodway. Zone A floodplains

were originally delineated by FEMA using non-numerically supported approximate study

techniques. Therefore, the Project Site near the confluence of Chartiers Run and Westland Run

has been identified by FEMA as an area of elevated risk of flooding but no detailed study has

been adopted by FEMA. Because no defined floodway exists, an assumed floodway has been
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incorporated into the proposed site designs, defined as 50-feet from top of bank in accordance

with the Pennsylvania Department of Environmental Protection Chapter 105.1. Under Title 25,

Chapter 93 of the PA Code and PA eMaps, these reaches of Chartiers Run and Westland Run

are designated as warm water fishes (WWF). There are no USGS stream gaging stations along

Westland Run or Chartiers Run.

2.0 DATA COLLECTION

HEC-2 (analytical software developed by the Hydrologic Engineering Center) data for FIS 422144

on Chartiers Run was obtained from FEMA in microfiche format. Pending data from FEMA in

HEC-RAS format could not be furnished at the time of request (July 2015) because it was before

the data release date of September 30, 2015. Upon release of updated FEMA data on September

30, 2015, it was confirmed that no new modeling for the subject area was conducted; therefore,

the use of data from FIS 422144 for this H&H analysis is appropriate.

Tetra Tech conducted limited topographic survey of the study area on June 30, 2015, August 6,

2015, and August 7, 2015. Photographs were taken of the study area on September 24, 2015

(see Appendix A, A-2 Study Area Photographs). The primary intent of the field surveys was to

collect stream channel information (top of bank to top of bank) for use in hydraulic modeling. The

survey data was tied into a benchmark used in the Chartiers Township FEMA FIS 422144. All

site information for this study was tied into vertical datum NGVD29 feet in order to be consistent

with the Chartiers Township FEMA FIS 422144 information used as the downstream boundary

condition.

Additional information on existing site conditions outside of the stream channels was obtained

from Pennsylvania Spatial Data Access (PASDA) Lidar PAMAP Program Topographic Contours

(2 ft Interval) of Pennsylvania published June 15, 2007 through the PA Department of

Conservation and Natural Resources, Bureau of Topographic and Geologic Survey. Final

proposed site conditions and grading plans were provided by Sunoco. The base maps for existing

and proposed conditions with cross sections are shown in Figures A-3 and A-4, respectively (see

Appendix A).

3.0 HYDROLOGY

The watershed is a steeply sloped basin that consists of wooded areas, open lands, and

commercial and residential development. The total contributing drainage area is approximately

13.7 square miles at the confluence of Westland Run and Chartiers Run. A map showing the

watershed is included in Appendix B as Figure B-1. Sub-watersheds for Westland Run and

Chartiers Run upstream of their confluence are also included in Appendix B, Figures B-2 and B-

3, respectively. The main channel slope of Chartiers Run within the study reach is 0.388%. The

main channel slope of Westland Run within the study reach is 0.521%.

The 100-year peak stream discharge downstream of the confluence of Chartiers Run and

Westland Run was obtained from FEMA FIS 422144 for Chartiers Township; however, peak

stream discharge information for Chartiers Run upstream of the confluence and Westland Run

was not provided in FIS 422144. Therefore, USGS Pennsylvania StreamStats, a web-based
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geographic information systems application for use in water resources planning and

management, was used to calculate peak runoff for Westland Run and Chartiers Run upstream

of their confluence (see Appendix B, Reports B-4 and B-5, respectively). StreamStats uses the

SIR 20008-5102 regression equations for estimating stream flow statistics. From these estimates,

percent total flows were calculated for the upstream reaches. These percentages were applied

to the downstream flow of 2,950 cfs obtained from FEMA FIS 422144 (see Table 1).

• Westland Run %Total:
� , � � � 	� � �

� , � � � 	� � �
∗ 100 = 43.5%

• Chartiers Run % Total:
� , � � � 	� � �

� , � � � 	� � �
∗ 100 = 56.5 %

Table 1: Summary of Peak Discharge

Location Drainage Area

(square miles)

Peak Discharge (cfs)

100-year

Chartiers Run Downstream of

Confluence with Westland Run

(FEMA)

13.7 2,950

Chartiers Run Upstream of

Confluence with Westland Run

(Calculated)

8.08 56.5% of 2,950 = 1,667

Westland Run Upstream of

Confluence with Chartiers Run

(Calculated)

5.61 43.5% of 2,950 = 1,283

A copy of the effective FEMA FIRM Map can be found in Appendix B-6. FEMA FIS Report 122144

is included in Appendix B-7. A copy of the FEMA HEC-2 Microfiche is included in Appendix B-8.

Total 100-year Peak Flow at Confluence (StreamStats): 3,310 cfs

Westland Run 100-year Peak Flow (StreamStats): 1,440 cfs

Chartiers Run 100-year Peak Flow (StreamStats): 1,870 cfs
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4.0 EXISTING CONDITIONS HYDRAULICS

MODEL SETUP

Hydraulic analysis for both existing and proposed conditions was performed using U.S. Army

Corps of Engineers HEC-RAS computer program. HEC-RAS calculates water surface profiles

for flow in natural or man-made channels. HEC-RAS has the capacity to model various

obstructions such as bridges, culverts, weirs, and other structures. The program computes a wide

range of hydraulic variables for each peak discharge simulated including water surface elevation,

velocity, and shear stress.

The hydraulic analysis was performed such that it included a sufficient amount of stream channel

upstream and downstream from the work areas. As such, it incorporated an 870 lineal foot section

of Westland Run and a 2,090 lineal foot section of Chartiers Run.

Stream cross sections were chosen approximately every 100 lineal feet and incorporate the entire

width of the FEMA-defined Zone A 100-year floodplain. Cross-section geometry used in the

model was based on field survey obtained in June and August 2015 and PASDA Lidar

Topographic Contours (2 ft Interval). Upon comparison of Lidar and field survey in areas of dense

tree cover, it was determined that Lidar data were significantly different due to the dense

vegetation. Therefore, to connect survey data to Lidar in areas of dense tree cover, elevation data

was interpolated using best engineering judgement from the last field survey point (top of bank)

to a Lidar contour outside areas of dense vegetation.

The manning’s “n” values estimated for this model are based on reference values published in

the HEC-RAS Hydraulic Reference Manual. These values were published originally in Chow’s

book “Open-Channel Hydraulics” [Chow, 1959]. The manning’s “n” value estimated for the

streambed channel was 0.045 (clean, winding, some pools and shoals with some weeds and

stones). This value is within the range of manning’s “n” values (i.e., 0.040 to 0.055) used for the

channel in FIS 422144. Manning’s “n” values for the overbanks were specified as 0.1 (heavy

stand of timber, few down trees, little undergrowth with flow below and into branches) or 0.035

(high grass) depending on the cover at each particular cross section, as observed through aerial

imagery. The manning’s “n” values used in FIS 422144 ranged from 0.060 to 0.150,

corresponding to mostly wooded overbanks downstream of the confluence of Chartiers Run and

Westland Run.

Hydrology within the HEC-RAS model was divided into three reaches: (1) Chartiers Run

downstream of the confluence, (2) Chartiers Run upstream of the confluence, and (3) Westland

Run upstream of the confluence. Flow changes at Reaches 1 through 3 were specified based on

Table 1 Flows. Reaches 2 and 3 boundary conditions in both the existing and proposed models

are set to normal depth upstream (i.e., slopes of 0.006588 and 0.001774, respectively) and

“Junction” downstream. Reach 1 boundary conditions in both the existing and proposed models

are set to “Junction” upstream and known water surface elevation downstream (i.e., specified

water surface elevation as reported in the FEMA FIS 422144 for Chartiers Township).
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Within an 870 foot study reach on Westland Run, there is one road crossing (Ullom Road) over

the channel. The bridge is rectangular with concrete side walls. This crossing is included in the

existing conditions HEC-RAS model, as summarized in Table 2.

Table 2: Summary of Existing Bridge Crossing Configuration

Crossing Ullom Road Bridge

River Station RS 292 (Westland Run)

Structure Type Automobile bridge

Bridge Length (ft) 37

Hydraulic Width (ft) 16

Vertical Opening (ft) 5.4

Streambed Elevation (ft) 990.849

Vertical Distance from Streambed to Top of Road (ft) 7.566

Elevation of Low Chord (ft) 996.249

Top of Road (High Chord) Elevation (ft) 998.416

Upstream Embankment Side Slopes (ft/ft) 0.212

Downstream Embankment Side Slopes (ft/ft) 0.258

No other hydraulic structures, such as bridges, culverts or dams are located near the Project site

that would impact the flow regime in this area.

The model was run under subcritical flow using a steady flow regime. No error messages were

reported for either the existing or proposed models. The warnings and notes generated from the

model included only warnings regarding the possible need for additional cross sections due to

conveyance ratios outside the limits of tolerance, significant energy losses (greater than 1.0 foot),

or velocity head changes greater than 0.5 foot. These warnings and notes can safely be ignored

because cross sections were placed every 100 feet and hydraulic results are found to be

reasonable.

In comparing model results to the FEMA FIS 422144, it can be seen that there is a slight

discrepancy (i.e., 0.45 feet) between the water surface elevations at the cross section immediately

downstream of the confluence (i.e., cross section O). This may be explained by the accuracy of

the survey data at cross section O in this model versus the FEMA FIS 422144. As discussed in

Section 2.0, cross sections used in the model were surveyed on June 30, 2015, August 6, 2015,

and August 7, 2015. Additionally, cross-section O was the most upstream cross-section studied

by the FEMA FIS 422144; therefore, the water surface elevation may have been influenced by

the upstream boundary conditions set at cross section O.

EXISTING CONDITIONS RESULTS

Tables 3 and 4 summarize the results for existing conditions at each of the modeled cross sections

for the 100-year flows in Westland Run and Chartiers Run, respectively. Existing site conditions

are shown on Figure A-2 in Appendix A. Flood profiles and copy of the HEC-RAS summary output

for existing conditions are included in Appendix C-1.
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Table 3: Results of Existing Conditions Hydraulic Analysis Westland Run Reach 3

Reach1 Rvr
Sta

Q Total
Min Ch

El
W.S. Elev Crit W.S. E.G. Elev E.G. Slope

Vel
Chnl

Flow Area
Top

Width
Froude #

Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)

3 700 1283.25 992.52 1000.53 1000.7 0.00131 4.22 697.37 224.94 0.27
3 600 1283.25 991.61 1000.45 1000.57 0.000988 3.94 857.74 243.11 0.25
3 500 1283.25 991.6 1000.27 1000.46 0.001148 4.38 659.34 178.02 0.27

3 400 1283.25 990.47 1000.24 1000.34 0.000716 3.47 842.09 189.61 0.2

3 300 1283.25 990.85 1000.14 996.31 1000.26 0.00091 3.8 889.46 286.54 0.23
3 292 Bridge
3 275 1283.25 990.85 998.08 998.68 0.004864 7.36 396.85 193.61 0.5
3 200 1283.25 989.62 998.32 998.41 0.000736 3.13 814.1 293.02 0.2
3 100 1283.25 989.16 998.34 998.36 0.000132 1.37 1317.53 414.41 0.09
3 0 1283.25 988.87 998.34 998.35 0.000061 1.04 1737.25 483.82 0.06
1. Reach 1 = Chartiers Run downstream of confluence

Reach 2 = Chartiers Run upstream of confluence
Reach 3 = Westland Run
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Table 4: Results of Existing Conditions Hydraulic Analysis Chartiers Run

Reach1 Rvr Sta Q Total Min Ch
El

W.S.
Elev

Crit
W.S.

E.G.
Elev

E.G.
Slope

Vel
Chnl

Flow
Area

Top
Width

Froude #
Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
2 1300 1666.75 992.72 999.37 999.06 1001.43 0.018112 11.5 144.99 29.7 0.92
2 1200 1666.75 993.28 1000.09 1000.37 0.002428 5.36 498.27 181.25 0.38
2 1100 1666.75 990.76 999.94 1000.16 0.001608 4.42 492.87 184.87 0.3
2 1000 1666.75 992.61 999.33 999.88 0.0042 6.51 334.4 157.18 0.46
2 900 1666.75 991.03 999.22 999.49 0.002349 5.34 578.96 211.87 0.37
2 800 1666.75 990.97 999.06 999.27 0.001673 4.65 596.99 206.3 0.31
2 700 1666.75 990.34 998.64 999.05 0.002414 5.8 399.68 181.73 0.37
2 600 1666.75 990.85 998.81 998.87 0.000384 2.36 915.37 265.1 0.15
2 500 1666.75 989.8 998.69 998.81 0.000893 3.64 668.14 243.15 0.23
2 400 1666.75 990.57 998.46 998.68 0.001687 4.62 522.76 227.67 0.3
2 300 1666.75 990.15 998.32 998.52 0.001429 4.38 570.82 231.67 0.28
2 200 1666.75 989.49 998.34 998.4 0.000491 2.73 968.38 344.95 0.17
2 100 1666.75 989.94 998.31 998.35 0.000327 2.27 1122.16 362.46 0.14
2 0 1666.75 989.88 998.31 998.33 0.000101 1.34 1779.48 492.52 0.08
1 690 2950 988.97 997.55 998.22 0.004459 8.31 709.33 156.5 0.52
1 0 2950 985.7 996.7 992.88 996.87 0.000916 4.25 1395.77 252.74 0.25

1. Reach 1 = Chartiers Run downstream of confluence
Reach 2 = Chartiers Run upstream of confluence
Reach 3 = Westland Run
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5.0 PROPOSED CONDITIONS HYDRAULICS

Sunoco’s proposed site development requires grading. Six (6) cross sections were modified to

reflect the final proposed grade and consider elevation differences within the 100-year floodplain

at the Project Site. These sections include Reach 2 River Station 400, 300, 200, 100, 000 and

Reach 3 River Station 000.

MODEL SETUP

The purpose of the proposed grading at the Project site is to create a level pad for placing

equipment. Proposed conditions were incorporated by editing the cross section geometry for

each of the modification scenarios.

PROPOSED CONDITIONS RESULTS

Tables 5 and 6 summarizes the results for final proposed conditions at each of the modeled cross

sections for the 100-year flows in Westland Run and Chartiers Run, respectively. In comparing

the existing and proposed conditions (Tables 3 through 6), the proposed cut and fill balance such

that the largest proposed water surface elevation increase along Chartiers Run and Westland

Run is 0.00 feet for the 100-year storm event (see Table 7). Therefore, the proposed grading will

not raise the BFE. The proposed grading is consistent with the Chartiers Township ordinance.

Proposed conditions are shown in Figure A-3 in Appendix A. Figure A-3 shows the existing and

proposed BFE as modeled by HEC-RAS. It should be noted that both the existing and proposed

BFEs modeled through HEC-RAS are located inside the FEMA Zone A (approximate) floodplain

boundary. Flood profiles and copy of the HEC-RAS summary output for proposed conditions are

included in Appendix C-2.
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Table 5: Results of Final Proposed Conditions Hydraulic Analysis Westland Run

Reach1 Rvr
Sta

Q Total
Min Ch

El
W.S. Elev Crit W.S. E.G. Elev E.G. Slope

Vel
Chnl

Flow Area
Top

Width
Froude
# Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)

3 700 1283.25 992.52 1000.53 1000.7 0.00131 4.22 697.37 224.94 0.27

3 600 1283.25 991.61 1000.45 1000.57 0.000988 3.94 857.74 243.11 0.25
3 500 1283.25 991.6 1000.27 1000.46 0.001148 4.38 659.34 178.02 0.27

3 400 1283.25 990.47 1000.24 1000.34 0.000716 3.47 842.09 189.61 0.2

3 300 1283.25 990.85 1000.14 996.31 1000.26 0.00091 3.8 889.46 286.54 0.23

3 292 Bridge
3 275 1283.25 990.85 998.07 998.68 0.004896 7.38 395.42 193.34 0.5
3 200 1283.25 989.62 998.32 998.4 0.00074 3.13 812.46 292.69 0.2
3 100 1283.25 989.16 998.34 998.36 0.000133 1.38 1315.21 414.15 0.09
3 0 1283.25 988.87 998.34 998.35 0.000056 0.99 1787.19 483.7 0.06
1. Reach 1 = Chartiers Run downstream of confluence

Reach 2 = Chartiers Run upstream of confluence
Reach 3 = Westland Run
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Table 6: Results of Proposed Conditions Hydraulic Analysis Chartiers Run

Reach1 Rvr
Sta

Q Total Min Ch
El

W.S.
Elev

Crit
W.S.

E.G.
Elev

E.G.
Slope

Vel
Chnl

Flow
Area

Top
Width

Froude #
Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)

2 1300 1666.75 992.72 999.36 999.06 1001.42 0.01831 11.54 144.43 29.67 0.92
2 1200 1666.75 993.28 1000.07 1000.36 0.002465 5.39 495.08 180.51 0.38
2 1100 1666.75 990.76 999.92 1000.14 0.001636 4.45 489.03 183.7 0.3
2 1000 1666.75 992.61 999.27 999.85 0.004414 6.63 326.19 153.87 0.48
2 900 1666.75 991.03 999.16 999.44 0.002489 5.47 565.94 209.39 0.38
2 800 1666.75 990.97 998.99 999.21 0.001783 4.77 582.09 203.04 0.32
2 700 1666.75 990.34 998.51 998.97 0.002726 6.09 375.67 173.43 0.39
2 600 1666.75 990.85 998.7 998.76 0.00042 2.44 886.43 261.72 0.16
2 500 1666.75 989.8 998.56 998.69 0.001 3.82 638.16 236.56 0.24
2 400 1666.75 990.57 998.42 998.58 0.001308 4.05 585.73 240.51 0.27
2 300 1666.75 990.15 998.32 998.46 0.001016 3.69 658.3 247.24 0.24
2 200 1666.75 989.49 998.31 998.37 0.000431 2.56 952 290.08 0.16
2 100 1666.75 989.94 998.31 998.34 0.00016 1.59 1384.4 361.5 0.1
2 0 1666.75 989.88 998.31 998.32 0.000079 1.18 1912.91 492.41 0.07
1 690 2950 988.97 997.55 998.22 0.004457 8.31 709.36 156.49 0.52
1 0 2950 985.7 996.7 992.88 996.87 0.000916 4.25 1395.77 252.74 0.25

1. Reach 1 = Chartiers Run downstream of confluence
Reach 2 = Chartiers Run upstream of confluence
Reach 3 = Westland Run
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Table 7: Comparison of Existing and Proposed Conditions

Reach1 Rvr Sta
W.S. Elev
(Existing)

Vel Chnl
(Existing)

W.S. Elev (Proposed) Vel Chnl (Proposed)
W.S.

Elevation
Difference

Vel Chnl
Difference

(ft) (ft/s) (ft) (ft/s)

3 700 1000.53 4.22 1000.53 4.22 0 0
3 600 1000.45 3.94 1000.45 3.94 0 0
3 500 1000.27 4.38 1000.27 4.38 0 0

3 400 1000.24 3.47 1000.24 3.47 0 0

3 300 1000.14 3.8 1000.14 3.8 0 0
3 292 Bridge
3 275 998.08 7.36 998.07 7.38 -0.010 0.02
3 200 998.32 3.13 998.32 3.13 0.000 0
3 100 998.34 1.37 998.34 1.38 0.000 0.01
3 0 998.34 1.04 998.34 0.99 0.000 -0.05
2 1300 999.37 11.5 999.36 11.54 -0.010 0.04
2 1200 1000.09 5.36 1000.07 5.39 -0.020 0.03
2 1100 999.94 4.42 999.92 4.45 -0.020 0.03
2 1000 999.33 6.51 999.27 6.63 -0.060 0.12
2 900 999.22 5.34 999.16 5.47 -0.060 0.13
2 800 999.06 4.65 998.99 4.77 -0.070 0.12
2 700 998.64 5.8 998.51 6.09 -0.130 0.29
2 600 998.81 2.36 998.7 2.44 -0.110 0.08
2 500 998.69 3.64 998.56 3.82 -0.130 0.18
2 400 998.46 4.62 998.42 4.05 -0.040 -0.57
2 300 998.32 4.38 998.32 3.69 0.000 -0.69
2 200 998.34 2.73 998.31 2.56 -0.030 -0.17
2 100 998.31 2.27 998.31 1.59 0.000 -0.68
2 0 998.31 1.34 998.31 1.18 0.000 -0.16
1 690 997.55 8.31 997.55 8.31 0.000 0
1 0 996.7 4.25 996.7 4.25 0.000 0

1. Reach 1 = Chartiers Run downstream of confluence
Reach 2 = Chartiers Run upstream of confluence
Reach 3 = Westland Run
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6.0 RISK ASSESSMENT

The proposed grading at the Houston Injection Project Site will yield no increases (a maximum of

0.000 feet) in water surface elevations on Chartiers Run and Westland Run for the 100-year storm

event. Additionally, all equipment and piping components are located above the flood plain, with

the exception of the pipe support foundations and cable tray foundations. The associated

calculated floodplain limits are contained within the boundary of the 100-year floodplain limits on

the published FEMA FIRM Map (February 1, 1980).

There is a maximum increase in stream velocity of 0.02 ft/s along Westland Run and 0.29 ft/s

along Chartiers Run. The increase in proposed velocity is minimal and will not result in

accelerated erosion and sedimentation.

Therefore, the project will not result in a threat to property or hazard of life as outlined within this

report.

7.0 CONCLUSIONS

A detailed floodplain analysis of the proposed grading at the Houston Injection Project site was

performed for Westland Run and Chartiers Run. Study Reaches 2 and 3 are not part of a detailed

FEMA Flood Insurance Study and are designated as a Zone A (approximate) floodplain, defined

by FEMA as areas within the 100-year floodplain but do not have 100-year water surface

elevations or a delineated floodway. The results of the H&H analysis indicate that the proposed

grading will not cause an increase in the 100-year water surface elevations relative to the existing

conditions within the study reaches for the 100-year peak flow rate of 2,950 cfs. No significant

on-site or off-site increases in flood velocities are anticipated to occur. The proposed pipe support

foundations and cable tray foundations within the BFE will be firmly anchored to resist flotation,

collapse, and lateral movement. The proposed equipment and structures outside of the BFE but

within the FEMA Zone A (approximate) floodplain will be flood proofed. Therefore, the proposed

grading will not increase the risk of flooding within the limits of this study for the 100-year storm

event along Westland Run and Chartiers Run.



14

REFERENCES

1. Brunner, Gary W. HEC-RAS River Analysis System: User's Manual. Davis, CA: US Army Corps

of Engineers, Institute for Water Resources, Hydrologic Engineering Center, 2002.

USACE, Jan. 2010. Web.

2. Chow, V.T., 1959, Open Channel Hydraulics, McGraw-Hill Book Company, NY.

3. EMapPA. Pennsylvania Department of Environmental Protection

<http://www.depgis.state.pa.us/emappa/>.

4. Federal Emergency Management Agency HEC-2 Release Chartiers Township, Washington

County. June 1978. PDF of Microfiche Data.

5. Federal Emergency Management Agency HEC-2, Water Surface Profiles. Ft. Belvoir:

Defense Technical Information Center, 1988. USACE, Sept. 1990.

6. Federal Emergency Management Agency, February 1, 1980, Flood Insurance Study,

Washington County, Pennsylvania.

7. Federal Emergency Management Agency, Pennsylvania Department of Environmental

Protection, 2006, PA Code Title 25, Chapter 93, Water Quality Standards.

8. Pennsylvania Department of Environmental Protection, 2006, PA Code Title 25, Chapter 106.

9. U.S. Army Corps of Engineers, January 2010, HEC-RAS River Analysis System, Version

4.1.0, Hydrologic Engineering Center, Davis, CA.

10. U.S. Army Corps of Engineers, January 2010, HEC-RAS River Analysis System Hydraulic

Reference Manual, Version 4.1, Hydrologic Engineering Center, Davis, CA.



15

APPENDIX A

Site Information

A-1 – Project Location Map

A-2 – Study Area Photographs

A-3 – Existing Conditions

A-4 – Proposed Conditions



A-1 PROJECT LOCATION MAP



Houston Injection Site
Lat: 40° 15' 42.09" N
Lon: 80° 16' 02.29" W
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FIGURE A­1
USGS PROJECT LOCATION MAP

PENNSYLVANIA PIPELINE PROJECT
HOUSTON INJECTION SITE 
SUNOCO LOGISTICS, L.P.

WASHINGTON COUNTY, PA

Notes:
1) Topographic map provided by ESRI's ArcGIS Online 
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A-2 STUDY AREA PHOTOGRAPHS



Ullom Road Bridge over Westland Run Facing Northeast

Ullom Road Bridge Looking Upstream on Westland Run



Ullom Road Bridge Looking Downstream on Westland Run

Underside of Ullom Road Bridge



Chartiers Run Looking Upstream from Confluence with Westland Run

Chartiers Run (Downstream Right) Looking South from Confluence with Westland Run



Westland Run Looking Upstream from Confluence with Chartiers Run

Chartiers Run (Downstream Left) Looking Southeast from Confluence with Westland Run



A-3 EXISTING CONDITIONS



A-3



A-4 PROPOSED CONDITIONS
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APPENDIX B

Hydrologic Analysis Documentation

B-1 – Chartiers Run Downstream StreamStats Drainage Area Map

B-2 – Westland Run Upstream StreamStats Drainage Area Map

B-3 – Chartiers Run Upstream StreamStats Drainage Area Map

B-4 – Westland Run Upstream StreamStats Ungaged Report

B-5 – Chartiers Run Upstream StreamStats Ungaged Report

B-6 – FEMA Effective FIRM Map

B-7 – FEMA Effective FIS Report

B-8 – FEMA HEC-2 MICROFICHE DATA



B-1 CHARTIERS RUN DOWNSTREAM STREAMSTATS DRAINAGE AREA MAP



B-1 CHARTIERS RUN DOWNSTREAM STREAMSTATS DRAINAGE AREA MAP



B-2 WESTLAND RUN UPSTREAM STREAMSTATS DRAINAGE AREA MAP



B-2 WESTLAND RUN UPSTREAM STREAMSTATS DRAINAGE AREA MAP



B-3 CHARTIERS RUN UPSTREAM STREAMSTATS DRAINAGE AREA MAP



B-3 CHARTIERS RUN UPSTREAM STREAMSTATS DRAINAGE AREA MAP



B-4 WESTLAND RUN UPSTREAM STREAMSTATS UNGAGED REPORT



Flow Statistics Ungaged Site Report
Date: Mon Aug 10, 2015 4:31:18 PM GMT‐4
Site Location: Pennsylvania
NAD 1983 Latitude:    40.2615  ( 40 15 42)
NAD 1983 Longitude: ‐80.2662  (‐80 15 59)
Drainage Area: 5.61 mi2

 
Low Flow Basin Characteristics

100% Low Flow Region 4 (5.61 mi2)

Parameter Value
Regression Equation Valid Range

Min Max
Drainage Area (square miles) 5.61 2.26 1400
Mean Basin Elevation (feet) 1182.2 1050 2580

 
Mean/Base‐flow Basin Characteristics

100% Statewide Mean and Base Flow (5.61 mi2)

Parameter Value
Regression Equation Valid Range

Min Max
Drainage Area (square miles) 5.61 2.26 1720
Mean Basin Elevation (feet) 1182.2 130 2700
Mean Annual Precipitation (inches) 39.0 33.1 50.4
Percent Carbonate (percent) 0.0 0 99
Percent Forest (percent) 51.0 5.1 100
Percent Urban (percent) 4.0 0 89

 
Peak Flow Basin Characteristics

100% Peak Flow Region 3 (5.61 mi2)

Parameter Value
Regression Equation Valid Range
Min Max

Drainage Area (square miles) 5.61 1.44 1610
Mean Basin Elevation (feet) 1182.2 457 2150
Percent Carbonate (percent) 0.0 0 99
Percent Urban (percent) 4.0 0 64
Percent Storage (percent) 0.0 0 22.6

 
Low Flow Statistics

Statistic Value Unit Prediction Error
(percent)

Equivalent years of
record

90‐Percent Prediction
Interval

Min Max
M7D2Y 0.2 ft3/s 43
M30D2Y 0.35 ft3/s 38
M7D10Y 0.0683 ft3/s 66
M30D10Y 0.13 ft3/s 54
M90D10Y 0.24 ft3/s 41

StreamStats Version 3 Beta  

Westland Run



http://pubs.usgs.gov/sir/2006/5130/ (http://pubs.usgs.gov/sir/2006/5130/)
Stuckey_ M.H._ 2006_ Low‐flow_ base‐flow_ and mean‐flow regression equations for Pennsylvania streams: U.S. Geological Survey Scientific
Investigations Report 2006‐5130_ 84 p.

 
Mean/Base‐flow Statistics

Statistic Value Unit Prediction Error
(percent)

Equivalent years of
record

90‐Percent Prediction
Interval

Min Max
QA 7.07 ft3/s 12
QAH 1.17 ft3/s 38
BF10YR 2.29 ft3/s 21
BF25YR 1.99 ft3/s 21
BF50YR 1.82 ft3/s 23

http://pubs.usgs.gov/sir/2006/5130/ (http://pubs.usgs.gov/sir/2006/5130/)
Stuckey_ M.H._ 2006_ Low‐flow_ base‐flow_ and mean‐flow regression equations for Pennsylvania streams: U.S. Geological Survey Scientific
Investigations Report 2006‐5130_ 84 p.

 
Peak Flow Statistics

Statistic Value Unit Prediction Error
(percent)

Equivalent years of
record

90‐Percent Prediction
Interval

Min Max
PK2 318 ft3/s 31 3
PK5 549 ft3/s 28 5
PK10 733 ft3/s 28 7
PK50 1210 ft3/s 31 11
PK100 1440 ft3/s 36 11
PK500 2060 ft3/s 43 11

http://pubs.usgs.gov/sir/2008/5102/ (http://pubs.usgs.gov/sir/2008/5102/)
Roland_ M.A._ and Stuckey_ M.H._ 2008_ Regression equations for estimating flood flows at selected recurrence intervals for ungaged streams
in Pennsylvania: U.S. Geological Survey Scientific Investigations Report 2008‐5102_ 57p.

 

Accessibility  FOIA  Privacy  Policies and Notices    
 U.S. Department of the Interior  | U.S. Geological Survey
 URL: http://streamstatsags.cr.usgs.gov/v3_beta/FTreport.htm
 Page Contact Information: StreamStats Help  Streamstats Status  
 Page Last Modified: 07/10/2015 15:54:20 (Web1)



B-5 CHARTIERS RUN UPSTREAM STREAMSTATS UNGAGED REPORT



Flow Statistics Ungaged Site Report
Date: Mon Aug 10, 2015 4:27:39 PM GMT‐4
Site Location: Pennsylvania
NAD 1983 Latitude:    40.2613  ( 40 15 41)
NAD 1983 Longitude: ‐80.2667  (‐80 16 00)
Drainage Area: 8.08 mi2

 
Low Flow Basin Characteristics

100% Low Flow Region 4 (8.08 mi2)

Parameter Value
Regression Equation Valid Range

Min Max
Drainage Area (square miles) 8.08 2.26 1400
Mean Basin Elevation (feet) 1198.0 1050 2580

 
Mean/Base‐flow Basin Characteristics

100% Statewide Mean and Base Flow (8.08 mi2)

Parameter Value
Regression Equation Valid Range

Min Max
Drainage Area (square miles) 8.08 2.26 1720
Mean Basin Elevation (feet) 1198.0 130 2700
Mean Annual Precipitation (inches) 39.0 33.1 50.4
Percent Carbonate (percent) 0.0 0 99
Percent Forest (percent) 50.0 5.1 100
Percent Urban (percent) 3.0 0 89

 
Peak Flow Basin Characteristics

100% Peak Flow Region 3 (8.08 mi2)

Parameter Value
Regression Equation Valid Range
Min Max

Drainage Area (square miles) 8.08 1.44 1610
Mean Basin Elevation (feet) 1198.0 457 2150
Percent Carbonate (percent) 0.0 0 99
Percent Urban (percent) 3.0 0 64
Percent Storage (percent) 0.0 0 22.6

 
Low Flow Statistics

Statistic Value Unit Prediction Error
(percent)

Equivalent years of
record

90‐Percent Prediction
Interval

Min Max
M7D2Y 0.3 ft3/s 43
M30D2Y 0.53 ft3/s 38
M7D10Y 0.11 ft3/s 66
M30D10Y 0.2 ft3/s 54
M90D10Y 0.36 ft3/s 41

StreamStats Version 3 Beta  

Chartiers Run



http://pubs.usgs.gov/sir/2006/5130/ (http://pubs.usgs.gov/sir/2006/5130/)
Stuckey_ M.H._ 2006_ Low‐flow_ base‐flow_ and mean‐flow regression equations for Pennsylvania streams: U.S. Geological Survey Scientific
Investigations Report 2006‐5130_ 84 p.

 
Mean/Base‐flow Statistics

Statistic Value Unit Prediction Error
(percent)

Equivalent years of
record

90‐Percent Prediction
Interval

Min Max
QA 10.2 ft3/s 12
QAH 1.69 ft3/s 38
BF10YR 3.25 ft3/s 21
BF25YR 2.82 ft3/s 21
BF50YR 2.59 ft3/s 23

http://pubs.usgs.gov/sir/2006/5130/ (http://pubs.usgs.gov/sir/2006/5130/)
Stuckey_ M.H._ 2006_ Low‐flow_ base‐flow_ and mean‐flow regression equations for Pennsylvania streams: U.S. Geological Survey Scientific
Investigations Report 2006‐5130_ 84 p.

 
Peak Flow Statistics

Statistic Value Unit Prediction Error
(percent)

Equivalent years of
record

90‐Percent Prediction
Interval

Min Max
PK2 426 ft3/s 31 3
PK5 728 ft3/s 28 5
PK10 967 ft3/s 28 7
PK50 1580 ft3/s 31 11
PK100 1870 ft3/s 36 11
PK500 2670 ft3/s 43 11

http://pubs.usgs.gov/sir/2008/5102/ (http://pubs.usgs.gov/sir/2008/5102/)
Roland_ M.A._ and Stuckey_ M.H._ 2008_ Regression equations for estimating flood flows at selected recurrence intervals for ungaged streams
in Pennsylvania: U.S. Geological Survey Scientific Investigations Report 2008‐5102_ 57p.

 

Accessibility  FOIA  Privacy  Policies and Notices    
 U.S. Department of the Interior  | U.S. Geological Survey
 URL: http://streamstatsags.cr.usgs.gov/v3_beta/FTreport.htm
 Page Contact Information: StreamStats Help  Streamstats Status  
 Page Last Modified: 07/10/2015 15:54:20 (Web1)



B-6 FEMA EFFECTIVE FIRM MAP



B-6 - FEMA EFFECTIVE FIRM MAP



B-7 FEMA EFFECTIVE FIS REPORT































































B-8 FEMA HEC-2 MICROFICHE DATA
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APPENDIX C

Hydraulic Analysis Documentation

C-1 – HEC-RAS Existing Conditions Model Data

C-1 – HEC-RAS Proposed Conditions Model Data



C-1 HEC-RAS EXISTING CONDITIONS MODEL DATA



HoustonInjection.rep

HEC-RAS Version 4.1.0 Jan 2010
U.S. Army Corps of Engineers
Hydrologic Engineering Center

609 Second Street
Davis, California

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X
X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X XXXXXX XXXX X X X X XXXXX

PROJECT DATA
Project Title: Houston Injection
Project File : HoustonInjection.prj
Run Date and Time: 10/16/2015 11:08:16 AM

Project in English units

PLAN DATA

Plan Title: Plan 26
Plan File : s:\Marcellus_M-Z - Mark Sladic\Sunoco Logistics (SXL)\Houston Injection
HEC-RAS_091415\HoustonInjection.p26

Geometry Title: Houston Injection X-Sections Existing R4
Geometry File : s:\Marcellus_M-Z - Mark Sladic\Sunoco Logistics

(SXL)\Houston Injection HEC-RAS_091415\HoustonInjection.g09

Flow Title : 100yr Storm R4
Flow File : s:\Marcellus_M-Z - Mark Sladic\Sunoco Logistics

(SXL)\Houston Injection HEC-RAS_091415\HoustonInjection.f04

Plan Summary Information:
Number of: Cross Sections = 25 Multiple Openings = 0

Culverts = 0 Inline Structures = 0
Bridges = 1 Lateral Structures = 0

Computational Information
Water surface calculation tolerance = 0.01
Critical depth calculation tolerance = 0.01
Maximum number of iterations = 20
Maximum difference tolerance = 0.3
Flow tolerance factor = 0.001

Computation Options
Critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Subcritical Flow

Page 1



HoustonInjection.rep
FLOW DATA

Flow Title: 100yr Storm R4
Flow File : s:\Marcellus_M-Z - Mark Sladic\Sunoco Logistics (SXL)\Houston Injection
HEC-RAS_091415\HoustonInjection.f04

Flow Data (cfs)

River Reach RS 100yr Storm
Chartiers Run 2 1300 1666.75
Chartiers Run 1 690 2950
Westland Run 3 700 1283.25

Boundary Conditions

River Reach Profile Upstream
Downstream

Chartiers Run 2 100yr Storm Normal S = 0.006588

Chartiers Run 1 100yr Storm
Known WS = 996.7
Westland Run 3 100yr Storm Normal S = 0.001774

GEOMETRY DATA

Geometry Title: Houston Injection X-Sections Existing R4
Geometry File : s:\Marcellus_M-Z - Mark Sladic\Sunoco Logistics (SXL)\Houston
Injection HEC-RAS_091415\HoustonInjection.g09

Reach Connection Table

River Reach Upstream Boundary Downstream Boundary

Chartiers Run 2 1
Chartiers Run 1 1
Westland Run 3 1

JUNCTION INFORMATION

Name: 1
Description: Junction 1
Energy computation Method

Length across Junction Tributary
River Reach River Reach Length Angle

Chartiers Run 2 to Chartiers Run 1 100
Westland Run 3 to Chartiers Run 1 170

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 1300

Page 2



HoustonInjection.rep

INPUT
Description: 13+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1022 11.07 1020 20.94 1018 31.74 1016 49.99 1014

61.77 1012 97.91 1010 114.36 1008 125.87 1006 150.8 1004
164.76 1003.7 209.44 1002 220.48 1000 241.86 999.64 248.2 994.3
248.83 994.03 257.48 992.72 266.49 994.07 269.08 994.26 273.78 1002.86
310.1 1004 365.51 1004 382.39 1004 468.73 1006 483.56 1008
492.69 1010 501.23 1012 505.96 1014 510.6 1016 516.34 1018
522.21 1020

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 241.86 .045 273.78 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
241.86 273.78 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 1200

INPUT
Description: 12+00
Station Elevation Data num= 26

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1022 6.34 1020 12.32 1018 18.56 1016 24.82 1014

34.91 1012 47.96 1010 74.92 1008 114.68 1006 133.11 1004
179.65 1002 263.05 999 325.95 995 328.64 994.32 330.02 993.89
335.85 993.28 342.23 993.95 344.59 994.23 347.57 995.41 526.28 1008
539.84 1010 550.59 1012 559.5 1014 568.23 1016 576.34 1018
583.58 1020

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 325.95 .045 347.57 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
325.95 347.57 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 1100

INPUT
Description: 11+00
Station Elevation Data num= 27

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1020 5.56 1018 11.69 1016 17.69 1014 23.49 1012

32.37 1010 57 1008 90.4 1006 102.86 1004 141.39 1002
252.85 1000 324.8 998.7 376.75 997 407.3 995.87 410.28 993.33
410.45 993.34 424.95 990.76 435.44 993.29 436.12 993.53 441.29 999.99
481.01 1008 541.23 1010 557.62 1012 570.21 1014 577.45 1016
584.32 1018 591.16 1020

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
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HoustonInjection.rep
0 .035 407.3 .045 441.29 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
407.3 441.29 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 1000

INPUT
Description: 10+00
Station Elevation Data num= 25

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1018 4.56 1016 10.03 1014 16.12 1012 24.25 1010

68.33 1008 85.19 1006 104.4 1004 164.4 1002 258.05 1000
410.45 997.45 412.99 993.5 413.63 993.25 424.72 993.2 444.4 992.71
444.68 992.61 444.8 995.57 463.16 1002 488.84 1002 493.82 1004
502.09 1006 513.73 1008 523.1 1010 529.27 1012 538.81 1014

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 410.45 .045 444.8 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
410.45 444.8 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 900

INPUT
Description: 9+00
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1018 5.23 1016 10.73 1014 17.6 1012 32.87 1010

63.06 1009.01 98.76 1008 125.63 1006 219.27 1004 260.04 1002
318.57 1000 386.21 998 449.32 996.78 455.58 992.73 456.44 992.36
463.97 991.03 472.18 992.35 472.73 992.49 474 993.9 542.58 997
561.7 1000 566.33 1002 570.19 1004 574.97 1006 581.02 1008
587.22 1010 593.8 1012 600.84 1014

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 449.32 .045 474 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
449.32 474 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 800

INPUT
Description: 8+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1020 19.45 1018 26.39 1016 31.97 1014 37.47 1012
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HoustonInjection.rep
48.15 1010 129.59 1008 168.44 1006 245.01 1004 291.83 1002
340.73 1000 426.05 998 496.92 996 504.12 996.79 508.56 992.47
509.61 991.92 517.95 990.97 526.71 991.92 530.58 992.42 532.68 993.34
540.9 994 578.32 996 584.86 998 589.05 1000 593.45 1002
599.36 1002.6 620.86 1004 632.98 1006 638.18 1008 640.47 1010
642.81 1012

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 504.12 .045 532.68 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
504.12 532.68 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 700

INPUT
Description: 7+00
Station Elevation Data num= 24

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1018 8.32 1016 31.4 1014 48.64 1012 65.7 1010

115.56 1008 130.19 1006 214.37 1004 269.16 1002 304.44 1000.89
335.41 1000 456.48 998 518.32 998 542.34 998 547.32 994
567.4 993.59 569.75 991.78 570.79 991.23 583.23 990.34 594.92 991.58
595.26 991.83 595.92 994.75 611.69 1013 614.49 1014

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 567.4 .045 595.92 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
567.4 595.92 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 600

INPUT
Description: 6+00
Station Elevation Data num= 21

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1018 8.28 1016 17.93 1014 24.97 1012 64.42 1010

109.73 1008 134.72 1006 209.95 1004 262.21 1002 285.57 1001.19
328.45 1000 414.43 997 594.77 993.07 596.71 992.38 596.94 991.44
604.59 990.85 612.65 991.44 613.49 991.63 614.48 992.64 644.96 1007
649.16 1010

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 594.77 .045 614.48 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
594.77 614.48 100 100 100 .1 .3

CROSS SECTION
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RIVER: Chartiers Run
REACH: 2 RS: 500

INPUT
Description: 5+00
Station Elevation Data num= 22

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1018 7.61 1016 14.82 1014 28.12 1012 77.14 1010

105.48 1008 169.46 1006 204.58 1004 246.73 1002 265.12 1001.15
289.81 1000 393.16 998 556.64 994.5 574.81 993.73 577.67 991.19
578.9 990.88 585.96 989.8 592.87 991.16 593.94 991.28 594.81 992.76
619.22 1017 626.63 1020

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 574.81 .045 594.81 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
574.81 594.81 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 400

INPUT
Description: 4+00
4+00
Station Elevation Data num= 24

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1020 8.4 1018 16.74 1016 30.8 1014 87.62 1012

94.14 1010 112.83 1008 180.85 1006 197.47 1004 214.14 1002
268.8 1000 352.86 998.14 390.23 997.06 521.56 996 536.02 994.67
539.35 991.14 540.71 990.65 547.75 990.57 554.17 990.7 559.04 991.62
561.11 995.02 577.68 1007 599.84 1010 605.13 1012

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 536.02 .045 561.11 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
536.02 561.11 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 300

INPUT
Description: 3+00
3+00
Station Elevation Data num= 29

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1016 13.91 1014 69.69 1012 108.77 1010 117.37 1008

151.47 1006 154.28 1005.17 170.01 1004 190.52 1002 215.39 1000
344.83 998 421.22 995.81 497.59 996 506.88 995.33 509.96 990.82
510.96 990.36 517.04 990.15 522.36 990.36 530.74 991.22 533.86 993.31
543.96 996 554.93 998 558.65 1000 561.82 1002 564.69 1004
567.54 1006 570.49 1008 574.04 1010 578.12 1012

Manning's n Values num= 3
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Sta n Val Sta n Val Sta n Val
0 .035 506.88 .045 533.86 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
506.88 533.86 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 200

INPUT
Description: 2+00
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1016 34.24 1014 54.23 1012 88.6 1010 105.26 1008

110.95 1006 134.75 1004 155.42 1002.4 157.81 1002 183.48 1000
222.22 998 441.46 995.02 503.4 994 512.46 993.6 516.73 990.33
517.06 990.2 524.95 989.49 531.11 990.03 531.36 990.1 532.92 992.04
553.69 994 559.79 998 564.6 1000 568.47 1002 571.85 1004
575.03 1006 578.47 1008 581.57 1010

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 512.46 .045 532.92 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
512.46 532.92 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 100

INPUT
Description: 1+00
Station Elevation Data num= 26

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1016 18.49 1014 33 1012 57.1 1010 95.37 1008

101.51 1006 105.78 1004 121.71 1002 153.3 1000 156.48 999.9
321.97 996.18 388.78 996 456.12 994.2 530.11 993.13 531.92 990.21
532.37 990.09 541.57 989.94 550.34 990.46 550.61 990.82 588.39 998
596.38 1000 599.1 1002 601.43 1004 603.89 1006 606.39 1008
609.02 1010

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 530.11 .045 550.61 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
530.11 550.61 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 000

INPUT
Description: 0+00
0+00
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Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1016 38.1 1014 49.42 1012 58.9 1010 78.48 1008

110.64 1006 116.83 1004 123.89 1002 144.04 1000 168.76 998
171.2 997.18 272.4 996 316.29 995.75 405.94 993.92 582.13 994
593.22 990.81 594.99 990.31 595.58 990.32 604.62 989.88 612.46 990.26
613.01 990.33 615.31 990.86 648.51 996 655.74 998 666.41 1000
688.85 1002 697.85 1004 702.06 1006 705.65 1008 708.85 1010
711.9 1012

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .035 593.22 .045 615.31 .1

Bank Sta: Left Right Coeff Contr. Expan.
593.22 615.31 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 1 RS: 690

INPUT
Description: O
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3.83 1008.45 7.56 1006.45 12.24 1004.45 47.44 1002.45

51.87 1000.45 58.45 998.45 72.21 996.45 109.85 994.45 128.4 992.45
147.98 990.45 159.7 990.45 161.79 992.45 175.45 992.45 179.32 992.09
180.95 988.98 181.24 988.97 190.12 989.1 200.05 989.75 205.48 991.62
206.48 992.45 210.98 994.45 215.83 996.45 225.48 998.45 235.58 1000.45
249.66 1002.45 327.39 1003.59 419.76 1004.45 422.29 1006.45 424.19 1008.45
425.67 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 179.32 .045 205.48 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
179.32 205.48 690 690 690 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 1 RS: 000

INPUT
Description: N
Station Elevation Data num= 22

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
1715 1006.3 1725 1000.4 1773 1000.4 1782 1001.8 1793 1001.8
1808 1001.4 1832 999.9 1850 993.4 1866 993.3 1901 992.3
1970 990.6 1987 986.7 1997 986.2 2000 985.9 2005 985.7
2006 986.2 2013 990.8 2038 990.3 2084 991.9 2098 998.9
2145 999.3 2222 1007

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
1715 .1 1970 .045 2013 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
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1970 2013 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 700

INPUT
Description: 7+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 19.55 1008.45 32.84 1006.45 45.16 1004.45 60.48 1002.45

83.63 1000.45 105 998.45 199.77 996.45 215.09 995.25 216.25 993.4
216.84 992.88 221.96 992.52 226.8 992.87 234.82 992.86 239.2 996.42
241.34 996.45 244.65 998.45 271.7 998.45 295.52 998.45 303.77 1000.45
335.24 1001.1 401.57 1002.45 429.04 1004.45 434.97 1006.45 437.76 1008.45
440.58 1010.45 443.43 1012.45 445.83 1014.45 448.43 1016.45 451.05 1018.45
453.67 1020.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 215.09 .045 239.2 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
215.09 239.2 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 600

INPUT
Description: 6+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 2.65 1008.45 5.6 1006.45 9.02 1004.45 12.9 1002.45

17.22 1000.45 24.53 998.45 98.22 996.45 102.18 994.45 108.86 995.33
111.12 992.92 112.83 992.29 116.79 991.61 120.05 992.21 122.46 992.44
126.95 992.92 134.4 994.45 151.84 996.45 161.39 998.45 188.75 998.45
232.09 996.45 239.86 996.45 252.57 998.45 260.19 1000.45 329.76 1002.45
366.35 1004.45 376.68 1006.45 386.51 1008.45 392.81 1010.45 396.78 1012.45
400.8 1014.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 108.86 .045 126.95 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
108.86 126.95 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 500

INPUT
Description: 5+00
Station Elevation Data num= 25

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3.08 1008.45 6.16 1006.45 9.23 1004.45 12.31 1002.45
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15.44 1000.45 19.05 998.45 122.08 996.6 130.35 996.45 144.22 994.45
145.87 994.28 146.95 992.58 148.02 992.28 157.18 991.6 166.49 992.18
166.94 992.63 167.24 992.91 172.62 994.45 178.98 996.45 184.49 998.45
194.71 1000.45 356.68 1002.45 369.21 1004.45 379.49 1008.45 382.9 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 145.87 .045 167.24 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
145.87 167.24 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 400

INPUT
Description: 4+00
Station Elevation Data num= 27

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3.11 1008.45 6.28 1006.45 9.45 1004.45 12.61 1002.45

15.72 1000.45 19.21 998.45 36.98 996.45 41.65 996.45 99.21 996.45
153.1 993.51 154.68 991.6 154.95 991.35 162.85 990.47 169.62 991.31
171.8 991.69 173.25 994.78 184.83 996.45 193.92 998.45 207.07 1000.45
236.59 1002.45 250.86 1002.45 282.12 1002.45 288.86 1004.45 309.36 1006.45
317.96 1008.45 327.35 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 153.1 .045 173.25 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
153.1 173.25 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 300

INPUT
Description: 3+00
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3 1008.45 6.97 1006.45 12.45 1004.45 17.34 1002.45

21.7 1000.45 25.86 998.45 81.48 996.45 131.06 996.45 171.03 996.45
181.63 994.45 186.94 993.61 188.03 991.3 188.87 991.47 196.07 990.85
202.62 991.23 203.61 991.2 205.07 994.1 216.1 996.45 231 998.23
233.34 998.45 318.93 1000.37 321.99 1000.45 334.41 1002.45 349.12 1004.45
360.12 1006.45 371.36 1008.45 382.06 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 186.94 .045 205.07 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
186.94 205.07 25 25 25 .1 .3

BRIDGE
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RIVER: Westland Run
REACH: 3 RS: 292

INPUT
Description:
Distance from Upstream XS = 8
Deck/Roadway Width = 16
Weir Coefficient = 2.6
Upstream Deck/Roadway Coordinates

num= 28
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
0 998.416 996.249 3 998.416 996.249 6.97 998.416 996.249

12.45 998.416 996.249 17.34 998.416 996.249 21.7 998.416 996.249
25.86 998.416 996.249 81.48 998.416 996.249 131.06 998.416 996.249
171.03 998.416 996.249 181.63 998.416 996.249 186.94 998.416 996.249
188.03 998.416 996.249 188.87 998.416 996.249 196.07 998.416 996.249
202.62 998.416 996.249 203.61 998.416 996.249 205.07 998.416 996.249
216.1 998.416 996.249 231 998.416 996.249 233.34 998.416 996.249
318.93 998.416 996.249 321.99 998.416 996.249 334.41 998.416 996.249
349.12 998.416 996.249 360.12 998.416 996.249 371.36 998.416 996.249
382.06 998.416 996.249

Upstream Bridge Cross Section Data
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3 1008.45 6.97 1006.45 12.45 1004.45 17.34 1002.45

21.7 1000.45 25.86 998.45 81.48 996.45 131.06 996.45 171.03 996.45
181.63 994.45 186.94 993.61 188.03 991.3 188.87 991.47 196.07 990.85
202.62 991.23 203.61 991.2 205.07 994.1 216.1 996.45 231 998.23
233.34 998.45 318.93 1000.37 321.99 1000.45 334.41 1002.45 349.12 1004.45
360.12 1006.45 371.36 1008.45 382.06 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 186.94 .045 205.07 .1

Bank Sta: Left Right Coeff Contr. Expan.
186.94 205.07 .1 .3

Downstream Deck/Roadway Coordinates
num= 28
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
0 998.416 996.249 3 998.416 996.249 6.97 998.416 996.249

12.45 998.416 996.249 17.34 998.416 996.249 21.7 998.416 996.249
25.86 998.416 996.249 81.48 998.416 996.249 131.06 998.416 996.249
171.03 998.416 996.249 181.63 998.416 996.249 186.94 998.416 996.249
188.03 998.416 996.249 188.87 998.416 996.249 196.07 998.416 996.249
202.62 998.416 996.249 203.61 998.416 996.249 205.07 998.416 996.249
216.1 998.416 996.249 231 998.416 996.249 233.34 998.416 996.249
318.93 998.416 996.249 321.99 998.416 996.249 334.41 998.416 996.249
349.12 998.416 996.249 360.12 998.416 996.249 371.36 998.416 996.249
382.06 998.416 996.249

Downstream Bridge Cross Section Data
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3 1008.45 6.97 1006.45 12.45 1004.45 17.34 1002.45

21.7 1000.45 25.86 998.45 81.48 996.45 131.06 996.45 171.03 996.45
181.63 994.45 186.94 993.61 188.03 991.3 188.87 991.47 196.07 990.85
202.62 991.23 203.61 991.2 205.07 994.1 216.1 996.45 231 998.23
233.34 998.45 318.93 1000.37 321.99 1000.45 334.41 1002.45 349.12 1004.45
360.12 1006.45 371.36 1008.45 382.06 1010.45

Page 11



HoustonInjection.rep
Manning's n Values num= 3

Sta n Val Sta n Val Sta n Val
0 .1 186.94 .045 205.07 .1

Bank Sta: Left Right Coeff Contr. Expan.
186.94 205.07 .1 .3

Upstream Embankment side slope = .212 horiz. to 1.0 vertical
Downstream Embankment side slope = .258 horiz. to 1.0 vertical
Maximum allowable submergence for weir flow = .98
Elevation at which weir flow begins =
Energy head used in spillway design =
Spillway height used in design =
Weir crest shape = Broad Crested

Number of Bridge Coefficient Sets = 1

Low Flow Methods and Data
Energy

Selected Low Flow Methods = Highest Energy Answer

High Flow Method
Energy Only

Additional Bridge Parameters
Add Friction component to Momentum
Do not add Weight component to Momentum
Class B flow critical depth computations use critical depth

inside the bridge at the upstream end
Criteria to check for pressure flow = Upstream energy grade line

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 275

INPUT
Description:
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3 1008.45 6.97 1006.45 12.45 1004.45 17.34 1002.45

21.7 1000.45 25.86 998.45 81.48 996.45 131.06 996.45 171.03 996.45
181.63 994.45 186.94 993.61 188.03 991.3 188.87 991.47 196.07 990.85
202.62 991.23 203.61 991.2 205.07 994.1 216.1 996.45 231 998.23
233.34 998.45 318.93 1000.37 321.99 1000.45 334.41 1002.45 349.12 1004.45
360.12 1006.45 371.36 1008.45 382.06 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 186.94 .045 205.07 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
186.94 205.07 75 75 75 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 200

INPUT
Description: 2+00
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Station Elevation Data num= 26

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3.65 1008.45 6.15 1006.45 8.35 1004.45 10.72 1002.45

14.43 1000.45 18.13 998.45 86.3 996.45 114.76 994.45 156.3 994.45
184.6 994.34 188.13 990.61 189.66 990.12 196.34 989.62 202.93 990.18
204.23 990.52 207.82 994.73 213.02 994.45 269.55 996.45 318.58 998.45
393.56 1000.45 424.45 1002.45 433.17 1004.45 446.7 1006.45 459.07 1008.45
467.71 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 184.6 .045 207.82 .035

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
184.6 207.82 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 100

INPUT
Description: 1+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 3.34 1008.45 6.55 1006.45 9.27 1004.45 11.61 1002.45

15.5 1000.45 18.5 998.45 67.97 996.45 81.85 994.45 100.64 992.06
104.5 990.01 105.55 989.65 114.96 989.16 121.1 989.65 124.43 990.35
130.94 997.21 161.66 994.45 169.6 994.48 189.96 994.45 221.79 994
295.39 994.96 395.01 996.45 437.81 998.45 460.09 1000.45 463.45 1000.45
473.66 1000.45 494.19 1002.45 520.57 1004.45 527.43 1006.45 534.56 1008.45
543.23 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 100.64 .045 130.94 .035

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
100.64 130.94 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 000

INPUT
Description: 0+00
Station Elevation Data num= 34

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 1010.45 2.62 1008.45 5.23 1006.45 7.84 1004.45 10.47 1002.45

13.09 1000.45 30.96 998.45 67.11 996.45 89.34 994.45 106.61 992.51
110.75 989.74 110.96 989.64 126.33 988.87 134.71 989.63 136.89 992.53
186.09 994.45 193.64 994.47 247.36 994.45 320 994.45 354.52 994.45
374.47 994.6 379.63 994.91 466.64 996.45 500.95 996.69 517.8 998.45
551.34 1000.45 557.73 1001.22 568.93 1002.45 583.64 1004.45 597.42 1006.45
616.28 1008.45 622.68 1010.45 630.2 1012.45 645.48 1013.88

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .1 106.61 .045 136.89 .035
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Bank Sta: Left Right Coeff Contr. Expan.

106.61 136.89 .1 .3

SUMMARY OF MANNING'S N VALUES

River:Chartiers Run

Reach River Sta. n1 n2 n3

2 1300 .1 .045 .1
2 1200 .035 .045 .1
2 1100 .035 .045 .1
2 1000 .035 .045 .1
2 900 .035 .045 .1
2 800 .035 .045 .1
2 700 .035 .045 .1
2 600 .035 .045 .1
2 500 .035 .045 .1
2 400 .035 .045 .1
2 300 .035 .045 .1
2 200 .035 .045 .1
2 100 .035 .045 .1
2 000 .035 .045 .1
1 690 .1 .045 .1
1 000 .1 .045 .1

River:Westland Run

Reach River Sta. n1 n2 n3

3 700 .1 .045 .1
3 600 .1 .045 .1
3 500 .1 .045 .1
3 400 .1 .045 .1
3 300 .1 .045 .1
3 292 Bridge
3 275 .1 .045 .1
3 200 .1 .045 .035
3 100 .1 .045 .035
3 000 .1 .045 .035

SUMMARY OF REACH LENGTHS

River: Chartiers Run

Reach River Sta. Left Channel Right

2 1300 100 100 100
2 1200 100 100 100
2 1100 100 100 100
2 1000 100 100 100
2 900 100 100 100
2 800 100 100 100
2 700 100 100 100
2 600 100 100 100
2 500 100 100 100
2 400 100 100 100
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2 300 100 100 100
2 200 100 100 100
2 100 100 100 100
2 000
1 690 690 690 690
1 000 100 100 100

River: Westland Run

Reach River Sta. Left Channel Right

3 700 100 100 100
3 600 100 100 100
3 500 100 100 100
3 400 100 100 100
3 300 25 25 25
3 292 Bridge
3 275 75 75 75
3 200 100 100 100
3 100 100 100 100
3 000

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: Chartiers Run

Reach River Sta. Contr. Expan.

2 1300 .1 .3
2 1200 .1 .3
2 1100 .1 .3
2 1000 .1 .3
2 900 .1 .3
2 800 .1 .3
2 700 .1 .3
2 600 .1 .3
2 500 .1 .3
2 400 .1 .3
2 300 .1 .3
2 200 .1 .3
2 100 .1 .3
2 000 .1 .3
1 690 .1 .3
1 000 .1 .3

River: Westland Run

Reach River Sta. Contr. Expan.

3 700 .1 .3
3 600 .1 .3
3 500 .1 .3
3 400 .1 .3
3 300 .1 .3
3 292 Bridge
3 275 .1 .3
3 200 .1 .3
3 100 .1 .3
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3 000 .1 .3
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Plan: 101015Model Chartiers Run 2 RS: 1300 Profile: 100yr Storm

E.G. Elev (ft) 1001.43 Element Left OB Channel Right OB

Vel Head (ft) 2.05 Wt. n-Val. 0.045

W.S. Elev (ft) 999.37 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) 999.06 Flow Area (sq ft) 144.99

E.G. Slope (ft/ft) 0.018112 Area (sq ft) 144.99

Q Total (cfs) 1666.75 Flow (cfs) 1666.75

Top Width (ft) 29.70 Top Width (ft) 29.70

Vel Total (ft/s) 11.50 Avg. Vel. (ft/s) 11.50

Max Chl Dpth (ft) 6.65 Hydr. Depth (ft) 4.88

Conv. Total (cfs) 12384.6 Conv. (cfs) 12384.6

Length Wtd. (ft) 100.00 Wetted Per. (ft) 34.85

Min Ch El (ft) 992.72 Shear (lb/sq ft) 4.70

Alpha 1.00 Stream Power (lb/ft s) 522.21 0.00 0.00

Frctn Loss (ft) 0.52 Cum Volume (acre-ft) 14.03 5.78 2.87

C & E Loss (ft) 0.53 Cum SA (acres) 5.46 0.76 0.81

Plan: 101015Model Chartiers Run 2 RS: 1200 Profile: 100yr Storm

E.G. Elev (ft) 1000.37 Element Left OB Channel Right OB

Vel Head (ft) 0.28 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 1000.09 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 210.87 131.96 155.44

E.G. Slope (ft/ft) 0.002428 Area (sq ft) 210.87 131.96 155.44

Q Total (cfs) 1666.75 Flow (cfs) 759.40 707.10 200.25

Top Width (ft) 181.25 Top Width (ft) 93.20 21.62 66.43

Vel Total (ft/s) 3.35 Avg. Vel. (ft/s) 3.60 5.36 1.29

Max Chl Dpth (ft) 6.81 Hydr. Depth (ft) 2.26 6.10 2.34

Conv. Total (cfs) 33828.2 Conv. (cfs) 15412.6 14351.2 4064.3

Length Wtd. (ft) 100.00 Wetted Per. (ft) 93.35 22.08 66.59

Min Ch El (ft) 993.28 Shear (lb/sq ft) 0.34 0.91 0.35

Alpha 1.63 Stream Power (lb/ft s) 583.58 0.00 0.00

Frctn Loss (ft) 0.20 Cum Volume (acre-ft) 13.78 5.46 2.69

C & E Loss (ft) 0.02 Cum SA (acres) 5.35 0.70 0.73

Plan: 101015Model Chartiers Run 2 RS: 1100 Profile: 100yr Storm

E.G. Elev (ft) 1000.16 Element Left OB Channel Right OB

Vel Head (ft) 0.22 Wt. n-Val. 0.035 0.045

W.S. Elev (ft) 999.94 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 257.64 235.22

E.G. Slope (ft/ft) 0.001608 Area (sq ft) 257.64 235.22

Q Total (cfs) 1666.75 Flow (cfs) 626.35 1040.40

Top Width (ft) 184.87 Top Width (ft) 150.92 33.95

Vel Total (ft/s) 3.38 Avg. Vel. (ft/s) 2.43 4.42

Max Chl Dpth (ft) 9.18 Hydr. Depth (ft) 1.71 6.93

Conv. Total (cfs) 41564.2 Conv. (cfs) 15619.5 25944.7

Length Wtd. (ft) 100.00 Wetted Per. (ft) 150.98 38.53

Min Ch El (ft) 990.76 Shear (lb/sq ft) 0.17 0.61

Alpha 1.26 Stream Power (lb/ft s) 591.16 0.00 0.00

Frctn Loss (ft) 0.25 Cum Volume (acre-ft) 13.25 5.04 2.51

C & E Loss (ft) 0.03 Cum SA (acres) 5.07 0.64 0.65



Plan: 101015Model Chartiers Run 2 RS: 1000 Profile: 100yr Storm

E.G. Elev (ft) 999.88 Element Left OB Channel Right OB

Vel Head (ft) 0.56 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 999.33 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 105.14 209.12 20.14

E.G. Slope (ft/ft) 0.004200 Area (sq ft) 105.14 209.12 20.14

Q Total (cfs) 1666.75 Flow (cfs) 277.16 1361.19 28.40

Top Width (ft) 157.18 Top Width (ft) 112.11 34.35 10.72

Vel Total (ft/s) 4.98 Avg. Vel. (ft/s) 2.64 6.51 1.41

Max Chl Dpth (ft) 6.72 Hydr. Depth (ft) 0.94 6.09 1.88

Conv. Total (cfs) 25718.9 Conv. (cfs) 4276.7 21003.9 438.3

Length Wtd. (ft) 100.00 Wetted Per. (ft) 112.12 39.42 11.36

Min Ch El (ft) 992.61 Shear (lb/sq ft) 0.25 1.39 0.46

Alpha 1.44 Stream Power (lb/ft s) 538.81 0.00 0.00

Frctn Loss (ft) 0.31 Cum Volume (acre-ft) 12.83 4.53 2.49

C & E Loss (ft) 0.09 Cum SA (acres) 4.77 0.56 0.64

Plan: 101015Model Chartiers Run 2 RS: 900 Profile: 100yr Storm

E.G. Elev (ft) 999.49 Element Left OB Channel Right OB

Vel Head (ft) 0.26 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 999.22 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 140.90 163.62 274.44

E.G. Slope (ft/ft) 0.002349 Area (sq ft) 140.90 163.62 274.44

Q Total (cfs) 1666.75 Flow (cfs) 353.85 874.23 438.67

Top Width (ft) 211.87 Top Width (ft) 104.45 24.68 82.74

Vel Total (ft/s) 2.88 Avg. Vel. (ft/s) 2.51 5.34 1.60

Max Chl Dpth (ft) 8.19 Hydr. Depth (ft) 1.35 6.63 3.32

Conv. Total (cfs) 34393.2 Conv. (cfs) 7301.7 18039.7 9051.8

Length Wtd. (ft) 100.00 Wetted Per. (ft) 104.48 26.82 82.99

Min Ch El (ft) 991.03 Shear (lb/sq ft) 0.20 0.89 0.48

Alpha 2.05 Stream Power (lb/ft s) 600.84 0.00 0.00

Frctn Loss (ft) 0.20 Cum Volume (acre-ft) 12.55 4.10 2.15

C & E Loss (ft) 0.02 Cum SA (acres) 4.52 0.49 0.53

Plan: 101015Model Chartiers Run 2 RS: 800 Profile: 100yr Storm

E.G. Elev (ft) 999.27 Element Left OB Channel Right OB

Vel Head (ft) 0.21 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 999.06 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 189.28 196.77 210.94

E.G. Slope (ft/ft) 0.001673 Area (sq ft) 189.28 196.77 210.94

Q Total (cfs) 1666.75 Flow (cfs) 437.17 915.50 314.08

Top Width (ft) 206.30 Top Width (ft) 123.34 28.56 54.40

Vel Total (ft/s) 2.79 Avg. Vel. (ft/s) 2.31 4.65 1.49

Max Chl Dpth (ft) 8.09 Hydr. Depth (ft) 1.53 6.89 3.88

Conv. Total (cfs) 40744.6 Conv. (cfs) 10686.9 22379.9 7677.8

Length Wtd. (ft) 100.00 Wetted Per. (ft) 123.42 30.78 55.02

Min Ch El (ft) 990.97 Shear (lb/sq ft) 0.16 0.67 0.40

Alpha 1.76 Stream Power (lb/ft s) 642.81 0.00 0.00

Frctn Loss (ft) 0.20 Cum Volume (acre-ft) 12.17 3.69 1.59

C & E Loss (ft) 0.02 Cum SA (acres) 4.26 0.43 0.38



Plan: 101015Model Chartiers Run 2 RS: 700 Profile: 100yr Storm

E.G. Elev (ft) 999.05 Element Left OB Channel Right OB

Vel Head (ft) 0.41 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.64 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 178.24 214.89 6.55

E.G. Slope (ft/ft) 0.002414 Area (sq ft) 178.24 214.89 6.55

Q Total (cfs) 1666.75 Flow (cfs) 414.76 1246.38 5.61

Top Width (ft) 181.73 Top Width (ft) 149.85 28.52 3.36

Vel Total (ft/s) 4.17 Avg. Vel. (ft/s) 2.33 5.80 0.86

Max Chl Dpth (ft) 8.30 Hydr. Depth (ft) 1.19 7.53 1.95

Conv. Total (cfs) 33925.6 Conv. (cfs) 8442.1 25369.2 114.3

Length Wtd. (ft) 100.00 Wetted Per. (ft) 151.27 31.79 5.15

Min Ch El (ft) 990.34 Shear (lb/sq ft) 0.18 1.02 0.19

Alpha 1.52 Stream Power (lb/ft s) 614.49 0.00 0.00

Frctn Loss (ft) 0.08 Cum Volume (acre-ft) 11.75 3.22 1.34

C & E Loss (ft) 0.11 Cum SA (acres) 3.95 0.36 0.31

Plan: 101015Model Chartiers Run 2 RS: 600 Profile: 100yr Storm

E.G. Elev (ft) 998.87 Element Left OB Channel Right OB

Vel Head (ft) 0.06 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.81 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 728.35 146.58 40.44

E.G. Slope (ft/ft) 0.000384 Area (sq ft) 728.35 146.58 40.44

Q Total (cfs) 1666.75 Flow (cfs) 1297.66 345.75 23.34

Top Width (ft) 265.10 Top Width (ft) 232.29 19.71 13.10

Vel Total (ft/s) 1.82 Avg. Vel. (ft/s) 1.78 2.36 0.58

Max Chl Dpth (ft) 7.96 Hydr. Depth (ft) 3.14 7.44 3.09

Conv. Total (cfs) 85066.7 Conv. (cfs) 66229.0 17646.3 1191.4

Length Wtd. (ft) 100.00 Wetted Per. (ft) 232.37 21.06 14.48

Min Ch El (ft) 990.85 Shear (lb/sq ft) 0.08 0.17 0.07

Alpha 1.09 Stream Power (lb/ft s) 649.16 0.00 0.00

Frctn Loss (ft) 0.06 Cum Volume (acre-ft) 10.71 2.80 1.29

C & E Loss (ft) 0.01 Cum SA (acres) 3.51 0.31 0.29

Plan: 101015Model Chartiers Run 2 RS: 500 Profile: 100yr Storm

E.G. Elev (ft) 998.81 Element Left OB Channel Right OB

Vel Head (ft) 0.12 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.69 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 493.79 156.66 17.69

E.G. Slope (ft/ft) 0.000893 Area (sq ft) 493.79 156.66 17.69

Q Total (cfs) 1666.75 Flow (cfs) 1082.94 570.91 12.89

Top Width (ft) 243.15 Top Width (ft) 217.18 20.00 5.97

Vel Total (ft/s) 2.49 Avg. Vel. (ft/s) 2.19 3.64 0.73

Max Chl Dpth (ft) 8.89 Hydr. Depth (ft) 2.27 7.83 2.96

Conv. Total (cfs) 55778.8 Conv. (cfs) 36241.4 19105.9 431.5

Length Wtd. (ft) 100.00 Wetted Per. (ft) 217.24 22.07 8.41

Min Ch El (ft) 989.80 Shear (lb/sq ft) 0.13 0.40 0.12

Alpha 1.23 Stream Power (lb/ft s) 626.63 0.00 0.00

Frctn Loss (ft) 0.12 Cum Volume (acre-ft) 9.30 2.45 1.22

C & E Loss (ft) 0.01 Cum SA (acres) 2.99 0.26 0.27



Plan: 101015Model Chartiers Run 2 RS: 400 Profile: 100yr Storm

E.G. Elev (ft) 998.68 Element Left OB Channel Right OB

Vel Head (ft) 0.21 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.46 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 333.97 180.59 8.20

E.G. Slope (ft/ft) 0.001687 Area (sq ft) 333.97 180.59 8.20

Q Total (cfs) 1666.75 Flow (cfs) 825.56 834.93 6.25

Top Width (ft) 227.67 Top Width (ft) 197.82 25.09 4.76

Vel Total (ft/s) 3.19 Avg. Vel. (ft/s) 2.47 4.62 0.76

Max Chl Dpth (ft) 7.89 Hydr. Depth (ft) 1.69 7.20 1.72

Conv. Total (cfs) 40574.6 Conv. (cfs) 20097.1 20325.3 152.2

Length Wtd. (ft) 100.00 Wetted Per. (ft) 197.90 28.70 5.88

Min Ch El (ft) 990.57 Shear (lb/sq ft) 0.18 0.66 0.15

Alpha 1.35 Stream Power (lb/ft s) 605.13 0.00 0.00

Frctn Loss (ft) 0.15 Cum Volume (acre-ft) 8.35 2.07 1.19

C & E Loss (ft) 0.01 Cum SA (acres) 2.52 0.21 0.26

Plan: 101015Model Chartiers Run 2 RS: 300 Profile: 100yr Storm

E.G. Elev (ft) 998.52 Element Left OB Channel Right OB

Vel Head (ft) 0.19 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.32 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 321.22 197.92 51.68

E.G. Slope (ft/ft) 0.001429 Area (sq ft) 321.22 197.92 51.68

Q Total (cfs) 1666.75 Flow (cfs) 749.84 866.06 50.84

Top Width (ft) 231.67 Top Width (ft) 183.01 26.98 21.67

Vel Total (ft/s) 2.92 Avg. Vel. (ft/s) 2.33 4.38 0.98

Max Chl Dpth (ft) 8.17 Hydr. Depth (ft) 1.76 7.34 2.38

Conv. Total (cfs) 44097.9 Conv. (cfs) 19838.9 22913.8 1345.2

Length Wtd. (ft) 100.00 Wetted Per. (ft) 183.07 30.15 22.29

Min Ch El (ft) 990.15 Shear (lb/sq ft) 0.16 0.59 0.21

Alpha 1.46 Stream Power (lb/ft s) 578.12 0.00 0.00

Frctn Loss (ft) 0.08 Cum Volume (acre-ft) 7.60 1.63 1.12

C & E Loss (ft) 0.04 Cum SA (acres) 2.08 0.15 0.23

Plan: 101015Model Chartiers Run 2 RS: 200 Profile: 100yr Storm

E.G. Elev (ft) 998.40 Element Left OB Channel Right OB

Vel Head (ft) 0.06 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.34 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 680.35 163.15 124.88

E.G. Slope (ft/ft) 0.000491 Area (sq ft) 680.35 163.15 124.88

Q Total (cfs) 1666.75 Flow (cfs) 1112.17 445.89 108.69

Top Width (ft) 344.95 Top Width (ft) 296.80 20.46 27.69

Vel Total (ft/s) 1.72 Avg. Vel. (ft/s) 1.63 2.73 0.87

Max Chl Dpth (ft) 8.85 Hydr. Depth (ft) 2.29 7.97 4.51

Conv. Total (cfs) 75247.7 Conv. (cfs) 50210.3 20130.5 4907.0

Length Wtd. (ft) 100.00 Wetted Per. (ft) 296.85 22.59 29.04

Min Ch El (ft) 989.49 Shear (lb/sq ft) 0.07 0.22 0.13

Alpha 1.29 Stream Power (lb/ft s) 581.57 0.00 0.00

Frctn Loss (ft) 0.04 Cum Volume (acre-ft) 6.45 1.22 0.92

C & E Loss (ft) 0.01 Cum SA (acres) 1.53 0.10 0.17



Plan: 101015Model Chartiers Run 2 RS: 100 Profile: 100yr Storm

E.G. Elev (ft) 998.35 Element Left OB Channel Right OB

Vel Head (ft) 0.04 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.31 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 809.37 165.22 147.57

E.G. Slope (ft/ft) 0.000327 Area (sq ft) 809.37 165.22 147.57

Q Total (cfs) 1666.75 Flow (cfs) 1196.90 374.71 95.14

Top Width (ft) 362.46 Top Width (ft) 302.94 20.50 39.02

Vel Total (ft/s) 1.49 Avg. Vel. (ft/s) 1.48 2.27 0.64

Max Chl Dpth (ft) 8.37 Hydr. Depth (ft) 2.67 8.06 3.78

Conv. Total (cfs) 92122.4 Conv. (cfs) 66153.2 20710.6 5258.6

Length Wtd. (ft) 100.00 Wetted Per. (ft) 303.00 22.34 39.74

Min Ch El (ft) 989.94 Shear (lb/sq ft) 0.05 0.15 0.08

Alpha 1.25 Stream Power (lb/ft s) 609.02 0.00 0.00

Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 4.74 0.84 0.61

C & E Loss (ft) 0.01 Cum SA (acres) 0.84 0.05 0.09

Plan: 101015Model Chartiers Run 2 RS: 000 Profile: 100yr Storm

E.G. Elev (ft) 998.33 Element Left OB Channel Right OB

Vel Head (ft) 0.02 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.31 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 1428.12 179.48 171.88

E.G. Slope (ft/ft) 0.000101 Area (sq ft) 1428.12 179.48 171.88

Q Total (cfs) 1666.75 Flow (cfs) 1361.62 240.14 65.00

Top Width (ft) 492.52 Top Width (ft) 428.33 22.09 42.10

Vel Total (ft/s) 0.94 Avg. Vel. (ft/s) 0.95 1.34 0.38

Max Chl Dpth (ft) 8.43 Hydr. Depth (ft) 3.33 8.12 4.08

Conv. Total (cfs) 165479.0 Conv. (cfs) 135184.8 23841.3 6453.0

Length Wtd. (ft) 100.00 Wetted Per. (ft) 428.95 22.24 42.80

Min Ch El (ft) 989.88 Shear (lb/sq ft) 0.02 0.05 0.03

Alpha 1.15 Stream Power (lb/ft s) 711.90 0.00 0.00

Frctn Loss (ft) 0.05 Cum Volume (acre-ft) 2.17 0.44 0.24

C & E Loss (ft) 0.06 Cum SA (acres)

Plan: 101015Model Chartiers Run 1 RS: 690 Profile: 100yr Storm

E.G. Elev (ft) 998.22 Element Left OB Channel Right OB

Vel Head (ft) 0.67 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 997.55 Reach Len. (ft) 690.00 690.00 690.00

Crit W.S. (ft) Flow Area (sq ft) 464.76 207.49 37.07

E.G. Slope (ft/ft) 0.004459 Area (sq ft) 464.76 207.49 37.07

Q Total (cfs) 2950.00 Flow (cfs) 1164.34 1723.54 62.12

Top Width (ft) 156.50 Top Width (ft) 114.68 26.16 15.66

Vel Total (ft/s) 4.16 Avg. Vel. (ft/s) 2.51 8.31 1.68

Max Chl Dpth (ft) 8.58 Hydr. Depth (ft) 4.05 7.93 2.37

Conv. Total (cfs) 44179.3 Conv. (cfs) 17437.3 25811.8 930.2

Length Wtd. (ft) 690.00 Wetted Per. (ft) 115.84 28.38 16.89

Min Ch El (ft) 988.97 Shear (lb/sq ft) 1.12 2.04 0.61

Alpha 2.48 Stream Power (lb/ft s) 425.67 0.00 0.00

Frctn Loss (ft) 1.20 Cum Volume (acre-ft) 8.18 4.76 3.73

C & E Loss (ft) 0.15 Cum SA (acres) 1.93 0.55 0.76



Plan: 101015Model Chartiers Run 1 RS: 000 Profile: 100yr Storm

E.G. Elev (ft) 996.87 Element Left OB Channel Right OB

Vel Head (ft) 0.17 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 996.70 Reach Len. (ft)

Crit W.S. (ft) 992.88 Flow Area (sq ft) 567.43 393.95 434.39

E.G. Slope (ft/ft) 0.000916 Area (sq ft) 567.43 393.95 434.39

Q Total (cfs) 2950.00 Flow (cfs) 682.34 1672.94 594.71

Top Width (ft) 252.74 Top Width (ft) 129.14 43.00 80.60

Vel Total (ft/s) 2.11 Avg. Vel. (ft/s) 1.20 4.25 1.37

Max Chl Dpth (ft) 11.00 Hydr. Depth (ft) 4.39 9.16 5.39

Conv. Total (cfs) 97482.9 Conv. (cfs) 22548.1 55282.5 19652.3

Length Wtd. (ft) Wetted Per. (ft) 129.75 44.97 81.77

Min Ch El (ft) 985.70 Shear (lb/sq ft) 0.25 0.50 0.30

Alpha 2.45 Stream Power (lb/ft s) 2222.00 0.00 0.00

Frctn Loss (ft) Cum Volume (acre-ft)

C & E Loss (ft) Cum SA (acres)

Plan: 101015Model Westland Run 3 RS: 700 Profile: 100yr Storm

E.G. Elev (ft) 1000.70 Element Left OB Channel Right OB

Vel Head (ft) 0.17 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.53 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 386.70 176.84 133.83

E.G. Slope (ft/ft) 0.001310 Area (sq ft) 386.70 176.84 133.83

Q Total (cfs) 1283.25 Flow (cfs) 424.64 746.92 111.69

Top Width (ft) 224.94 Top Width (ft) 132.39 24.11 68.44

Vel Total (ft/s) 1.84 Avg. Vel. (ft/s) 1.10 4.22 0.83

Max Chl Dpth (ft) 8.01 Hydr. Depth (ft) 2.92 7.33 1.96

Conv. Total (cfs) 35453.0 Conv. (cfs) 11731.8 20635.5 3085.7

Length Wtd. (ft) 100.00 Wetted Per. (ft) 132.55 26.62 69.24

Min Ch El (ft) 992.52 Shear (lb/sq ft) 0.24 0.54 0.16

Alpha 3.20 Stream Power (lb/ft s) 453.67 0.00 0.00

Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 7.04 3.82 8.44

C & E Loss (ft) 0.02 Cum SA (acres) 1.98 0.36 2.06

Plan: 101015Model Westland Run 3 RS: 600 Profile: 100yr Storm

E.G. Elev (ft) 1000.57 Element Left OB Channel Right OB

Vel Head (ft) 0.12 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.45 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 285.67 143.75 428.32

E.G. Slope (ft/ft) 0.000988 Area (sq ft) 285.67 143.75 428.32

Q Total (cfs) 1283.25 Flow (cfs) 282.92 567.00 433.33

Top Width (ft) 243.11 Top Width (ft) 91.65 18.09 133.37

Vel Total (ft/s) 1.50 Avg. Vel. (ft/s) 0.99 3.94 1.01

Max Chl Dpth (ft) 8.84 Hydr. Depth (ft) 3.12 7.95 3.21

Conv. Total (cfs) 40835.9 Conv. (cfs) 9003.3 18043.2 13789.4

Length Wtd. (ft) 100.00 Wetted Per. (ft) 92.48 19.40 134.31

Min Ch El (ft) 991.61 Shear (lb/sq ft) 0.19 0.46 0.20

Alpha 3.32 Stream Power (lb/ft s) 400.80 0.00 0.00

Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 6.27 3.45 7.79

C & E Loss (ft) 0.01 Cum SA (acres) 1.72 0.31 1.83



Plan: 101015Model Westland Run 3 RS: 500 Profile: 100yr Storm

E.G. Elev (ft) 1000.46 Element Left OB Channel Right OB

Vel Head (ft) 0.19 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.27 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 393.35 175.88 90.11

E.G. Slope (ft/ft) 0.001148 Area (sq ft) 393.35 175.88 90.11

Q Total (cfs) 1283.25 Flow (cfs) 412.67 770.75 99.82

Top Width (ft) 178.02 Top Width (ft) 130.10 21.37 26.55

Vel Total (ft/s) 1.95 Avg. Vel. (ft/s) 1.05 4.38 1.11

Max Chl Dpth (ft) 8.67 Hydr. Depth (ft) 3.02 8.23 3.39

Conv. Total (cfs) 37878.0 Conv. (cfs) 12181.0 22750.5 2946.5

Length Wtd. (ft) 100.00 Wetted Per. (ft) 130.75 22.69 27.60

Min Ch El (ft) 991.60 Shear (lb/sq ft) 0.22 0.56 0.23

Alpha 3.16 Stream Power (lb/ft s) 382.90 0.00 0.00

Frctn Loss (ft) 0.09 Cum Volume (acre-ft) 5.49 3.09 7.20

C & E Loss (ft) 0.03 Cum SA (acres) 1.47 0.27 1.65

Plan: 101015Model Westland Run 3 RS: 400 Profile: 100yr Storm

E.G. Elev (ft) 1000.34 Element Left OB Channel Right OB

Vel Head (ft) 0.10 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.24 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 571.85 180.75 89.49

E.G. Slope (ft/ft) 0.000716 Area (sq ft) 571.85 180.75 89.49

Q Total (cfs) 1283.25 Flow (cfs) 587.31 626.66 69.29

Top Width (ft) 189.61 Top Width (ft) 137.02 20.15 32.45

Vel Total (ft/s) 1.52 Avg. Vel. (ft/s) 1.03 3.47 0.77

Max Chl Dpth (ft) 9.77 Hydr. Depth (ft) 4.17 8.97 2.76

Conv. Total (cfs) 47972.3 Conv. (cfs) 21955.5 23426.7 2590.1

Length Wtd. (ft) 100.00 Wetted Per. (ft) 137.68 23.24 32.92

Min Ch El (ft) 990.47 Shear (lb/sq ft) 0.19 0.35 0.12

Alpha 2.75 Stream Power (lb/ft s) 327.35 0.00 0.00

Frctn Loss (ft) 0.08 Cum Volume (acre-ft) 4.38 2.68 6.99

C & E Loss (ft) 0.00 Cum SA (acres) 1.16 0.22 1.58

Plan: 101015Model Westland Run 3 RS: 300 Profile: 100yr Storm

E.G. Elev (ft) 1000.26 Element Left OB Channel Right OB

Vel Head (ft) 0.11 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.14 Reach Len. (ft) 8.00 8.00 8.00

Crit W.S. (ft) 996.31 Flow Area (sq ft) 565.91 159.84 163.71

E.G. Slope (ft/ft) 0.000910 Area (sq ft) 565.91 159.84 163.71

Q Total (cfs) 1283.25 Flow (cfs) 576.30 607.76 99.19

Top Width (ft) 286.54 Top Width (ft) 164.60 18.13 103.80

Vel Total (ft/s) 1.44 Avg. Vel. (ft/s) 1.02 3.80 0.61

Max Chl Dpth (ft) 9.29 Hydr. Depth (ft) 3.44 8.82 1.58

Conv. Total (cfs) 42535.9 Conv. (cfs) 19102.7 20145.4 3287.8

Length Wtd. (ft) 8.00 Wetted Per. (ft) 165.28 21.44 104.19

Min Ch El (ft) 990.85 Shear (lb/sq ft) 0.19 0.42 0.09

Alpha 3.53 Stream Power (lb/ft s) 382.06 0.00 0.00

Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 3.08 2.29 6.70

C & E Loss (ft) 0.01 Cum SA (acres) 0.82 0.18 1.42



Plan: 101015Model Westland Run 3 RS: 292 BR U Profile: 100yr Storm

E.G. Elev (ft) 1000.23 Element Left OB Channel Right OB

Vel Head (ft) 0.22 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.01 Reach Len. (ft) 16.00 16.00 16.00

Crit W.S. (ft) 999.37 Flow Area (sq ft) 279.38 118.09 109.99

E.G. Slope (ft/ft) 0.009425 Area (sq ft) 279.38 118.09 109.99

Q Total (cfs) 1283.25 Flow (cfs) 521.63 610.28 151.34

Top Width (ft) 280.20 Top Width (ft) 164.32 18.13 97.74

Vel Total (ft/s) 2.53 Avg. Vel. (ft/s) 1.87 5.17 1.38

Max Chl Dpth (ft) 9.16 Hydr. Depth (ft) 1.70 6.51 1.13

Conv. Total (cfs) 13217.9 Conv. (cfs) 5373.0 6286.1 1558.9

Length Wtd. (ft) 16.00 Wetted Per. (ft) 194.60 57.70 118.16

Min Ch El (ft) 990.85 Shear (lb/sq ft) 0.84 1.20 0.55

Alpha 2.24 Stream Power (lb/ft s) 382.06 0.00 0.00

Frctn Loss (ft) 0.23 Cum Volume (acre-ft) 3.00 2.26 6.68

C & E Loss (ft) 0.04 Cum SA (acres) 0.79 0.17 1.40

Plan: 101015Model Westland Run 3 RS: 292 BR D Profile: 100yr Storm

E.G. Elev (ft) 999.97 Element Left OB Channel Right OB

Vel Head (ft) 0.59 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 999.37 Reach Len. (ft) 1.00 1.00 1.00

Crit W.S. (ft) 999.37 Flow Area (sq ft) 175.43 106.58 56.89

E.G. Slope (ft/ft) 0.023470 Area (sq ft) 175.43 106.58 56.89

Q Total (cfs) 1283.25 Flow (cfs) 375.98 811.66 95.62

Top Width (ft) 250.56 Top Width (ft) 163.00 18.13 69.43

Vel Total (ft/s) 3.79 Avg. Vel. (ft/s) 2.14 7.62 1.68

Max Chl Dpth (ft) 8.52 Hydr. Depth (ft) 1.08 5.88 0.82

Conv. Total (cfs) 8376.3 Conv. (cfs) 2454.2 5298.0 624.1

Length Wtd. (ft) 1.00 Wetted Per. (ft) 193.14 57.70 89.84

Min Ch El (ft) 990.85 Shear (lb/sq ft) 1.33 2.71 0.93

Alpha 2.67 Stream Power (lb/ft s) 382.06 0.00 0.00

Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 2.92 2.22 6.64

C & E Loss (ft) 0.00 Cum SA (acres) 0.73 0.17 1.37

Plan: 101015Model Westland Run 3 RS: 275 Profile: 100yr Storm

E.G. Elev (ft) 998.68 Element Left OB Channel Right OB

Vel Head (ft) 0.60 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 998.08 Reach Len. (ft) 75.00 75.00 75.00

Crit W.S. (ft) Flow Area (sq ft) 232.36 122.42 42.07

E.G. Slope (ft/ft) 0.004864 Area (sq ft) 232.36 122.42 42.07

Q Total (cfs) 1283.25 Flow (cfs) 320.83 900.78 61.64

Top Width (ft) 193.61 Top Width (ft) 150.80 18.13 24.68

Vel Total (ft/s) 3.23 Avg. Vel. (ft/s) 1.38 7.36 1.47

Max Chl Dpth (ft) 7.23 Hydr. Depth (ft) 1.54 6.75 1.70

Conv. Total (cfs) 18400.1 Conv. (cfs) 4600.3 12916.0 883.9

Length Wtd. (ft) 75.00 Wetted Per. (ft) 151.08 21.44 25.02

Min Ch El (ft) 990.85 Shear (lb/sq ft) 0.47 1.73 0.51

Alpha 3.69 Stream Power (lb/ft s) 382.06 0.00 0.00

Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 2.91 2.22 6.64

C & E Loss (ft) 0.15 Cum SA (acres) 0.72 0.17 1.37



Plan: 101015Model Westland Run 3 RS: 200 Profile: 100yr Storm

E.G. Elev (ft) 998.41 Element Left OB Channel Right OB

Vel Head (ft) 0.09 Wt. n-Val. 0.100 0.045 0.035

W.S. Elev (ft) 998.32 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 413.64 175.62 224.85

E.G. Slope (ft/ft) 0.000736 Area (sq ft) 413.64 175.62 224.85

Q Total (cfs) 1283.25 Flow (cfs) 311.18 549.13 422.94

Top Width (ft) 293.02 Top Width (ft) 162.15 23.22 107.65

Vel Total (ft/s) 1.58 Avg. Vel. (ft/s) 0.75 3.13 1.88

Max Chl Dpth (ft) 8.70 Hydr. Depth (ft) 2.55 7.56 2.09

Conv. Total (cfs) 47301.3 Conv. (cfs) 11470.3 20241.1 15589.9

Length Wtd. (ft) 100.00 Wetted Per. (ft) 162.25 26.93 107.73

Min Ch El (ft) 989.62 Shear (lb/sq ft) 0.12 0.30 0.10

Alpha 2.21 Stream Power (lb/ft s) 467.71 0.00 0.00

Frctn Loss (ft) 0.03 Cum Volume (acre-ft) 2.35 1.96 6.41

C & E Loss (ft) 0.02 Cum SA (acres) 0.45 0.13 1.26

Plan: 101015Model Westland Run 3 RS: 100 Profile: 100yr Storm

E.G. Elev (ft) 998.36 Element Left OB Channel Right OB

Vel Head (ft) 0.02 Wt. n-Val. 0.100 0.045 0.035

W.S. Elev (ft) 998.34 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 180.15 233.65 903.74

E.G. Slope (ft/ft) 0.000132 Area (sq ft) 180.15 233.65 903.74

Q Total (cfs) 1283.25 Flow (cfs) 52.89 320.79 909.57

Top Width (ft) 414.41 Top Width (ft) 79.51 30.30 304.60

Vel Total (ft/s) 0.97 Avg. Vel. (ft/s) 0.29 1.37 1.01

Max Chl Dpth (ft) 9.18 Hydr. Depth (ft) 2.27 7.71 2.97

Conv. Total (cfs) 111723.5 Conv. (cfs) 4604.6 27929.0 79190.0

Length Wtd. (ft) 100.00 Wetted Per. (ft) 79.85 33.92 304.79

Min Ch El (ft) 989.16 Shear (lb/sq ft) 0.02 0.06 0.02

Alpha 1.26 Stream Power (lb/ft s) 543.23 0.00 0.00

Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 1.67 1.49 5.12

C & E Loss (ft) 0.00 Cum SA (acres) 0.18 0.07 0.79

Plan: 101015Model Westland Run 3 RS: 000 Profile: 100yr Storm

E.G. Elev (ft) 998.35 Element Left OB Channel Right OB

Vel Head (ft) 0.01 Wt. n-Val. 0.100 0.045 0.035

W.S. Elev (ft) 998.34 Reach Len. (ft) 170.00 170.00 170.00

Crit W.S. (ft) Flow Area (sq ft) 180.53 263.35 1293.37

E.G. Slope (ft/ft) 0.000061 Area (sq ft) 180.53 263.35 1293.37

Q Total (cfs) 1283.25 Flow (cfs) 38.04 273.55 971.65

Top Width (ft) 483.82 Top Width (ft) 73.68 30.28 379.87

Vel Total (ft/s) 0.74 Avg. Vel. (ft/s) 0.21 1.04 0.75

Max Chl Dpth (ft) 9.47 Hydr. Depth (ft) 2.45 8.70 3.40

Conv. Total (cfs) 164084.0 Conv. (cfs) 4864.4 34978.1 124241.6

Length Wtd. (ft) 170.00 Wetted Per. (ft) 73.93 32.65 380.01

Min Ch El (ft) 988.87 Shear (lb/sq ft) 0.01 0.03 0.01

Alpha 1.21 Stream Power (lb/ft s) 645.48 0.00 0.00

Frctn Loss (ft) 0.07 Cum Volume (acre-ft) 1.26 0.92 2.60

C & E Loss (ft) 0.07 Cum SA (acres)

























































0 100 200 300 400 500 600 700
988

990

992

994

996

998

1000

1002

Houston Injection Plan: Existing_Final 10/16/2015

Main Channel Distance (ft)

E
le
v
a
ti
o
n
(f
t)

Legend

Crit 100yr Storm

EG 100yr Storm

WS 100yr Storm

Ground

Westland Run 3



0 200 400 600 800 1000 1200 1400
988

990

992

994

996

998

1000

1002

Houston Injection Plan: Existing_Final 10/16/2015

Main Channel Distance (ft)

E
le
v
a
ti
o
n
(f
t)

Legend

Crit 100yr Storm

EG 100yr Storm

WS 100yr Storm

Ground

Chartiers Run 2



0 100 200 300 400 500 600 700
984

986

988

990

992

994

996

998

1000

Houston Injection Plan: Existing_Final 10/16/2015

Main Channel Distance (ft)

E
le
v
a
ti
o
n
(f
t)

Legend

EG 100yr Storm

WS 100yr Storm

Crit 100yr Storm

Ground

Chartiers Run 1



C-2 HEC-RAS PROPOSED CONDITIONS MODEL DATA



HoustonInjection.rep

HEC-RAS Version 4.1.0 Jan 2010
U.S. Army Corps of Engineers
Hydrologic Engineering Center

609 Second Street
Davis, California

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X
X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X XXXXXX XXXX X X X X XXXXX

********************************************************************************

PROJECT DATA
Project Title: Houston Injection
Project File : HoustonInjection.prj
Run Date and Time: 1/17/2017 1:38:31 PM

Project in English units

********************************************************************************

PLAN DATA

Plan Title: Plan 36
Plan File : C:\Users\lydia.karlheim\Desktop\Houston Injection
HEC-RAS_011617\HoustonInjection.p36

Geometry Title: Houston Injection X-Sections Proposed R6
Geometry File : C:\Users\lydia.karlheim\Desktop\Houston Injection

HEC-RAS_011617\HoustonInjection.g12

Flow Title : 100yr Storm R4
Flow File : C:\Users\lydia.karlheim\Desktop\Houston Injection

HEC-RAS_011617\HoustonInjection.f04

Plan Summary Information:
Number of: Cross Sections = 25 Multiple Openings = 0

Culverts = 0 Inline Structures = 0
Bridges = 1 Lateral Structures = 0

Computational Information
Water surface calculation tolerance = 0.01
Critical depth calculation tolerance = 0.01
Maximum number of iterations = 20
Maximum difference tolerance = 0.3
Flow tolerance factor = 0.001

Computation Options
Critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Subcritical Flow

********************************************************************************
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HoustonInjection.rep
FLOW DATA

Flow Title: 100yr Storm R4
Flow File : C:\Users\lydia.karlheim\Desktop\Houston Injection
HEC-RAS_011617\HoustonInjection.f04

Flow Data (cfs)
*************************************************************
* River Reach RS * 100yr Storm *
* Chartiers Run 2 1300 * 1666.75 *
* Chartiers Run 1 690 * 2950 *
* Westland Run 3 700 * 1283.25 *
*************************************************************

Boundary Conditions
************************************************************************************
********************
* River Reach Profile * Upstream

Downstream *
************************************************************************************
********************
* Chartiers Run 2 100yr Storm * Normal S = 0.006588

*
* Chartiers Run 1 100yr Storm *
Known WS = 996.7 *
* Westland Run 3 100yr Storm * Normal S = 0.001774

*
************************************************************************************
********************

********************************************************************************

GEOMETRY DATA

Geometry Title: Houston Injection X-Sections Proposed R6
Geometry File : C:\Users\lydia.karlheim\Desktop\Houston Injection
HEC-RAS_011617\HoustonInjection.g12

Reach Connection Table
*********************************************************************************
* River Reach * Upstream Boundary * Downstream Boundary *
*********************************************************************************
* Chartiers Run 2 * * 1 *
* Chartiers Run 1 * 1 * *
* Westland Run 3 * * 1 *
*********************************************************************************

JUNCTION INFORMATION

Name: 1
Description: Junction 1
Energy computation Method

Length across Junction Tributary
River Reach River Reach Length Angle

Chartiers Run 2 to Chartiers Run 1 100
Westland Run 3 to Chartiers Run 1 170

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 1300
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HoustonInjection.rep

INPUT
Description: 13+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1022 11.07 1020 20.94 1018 31.74 1016 49.99 1014
61.77 1012 97.91 1010 114.36 1008 125.87 1006 150.8 1004
164.76 1003.7 209.44 1002 220.48 1000 241.86 999.64 248.2 994.3
248.83 994.03 257.48 992.72 266.49 994.07 269.08 994.26 273.78 1002.86
310.1 1004 365.51 1004 382.39 1004 468.73 1006 483.56 1008
492.69 1010 501.23 1012 505.96 1014 510.6 1016 516.34 1018
522.21 1020

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 241.86 .045 273.78 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
241.86 273.78 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 1200

INPUT
Description: 12+00
Station Elevation Data num= 26

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1022 6.34 1020 12.32 1018 18.56 1016 24.82 1014
34.91 1012 47.96 1010 74.92 1008 114.68 1006 133.11 1004
179.65 1002 263.05 999 325.95 995 328.64 994.32 330.02 993.89
335.85 993.28 342.23 993.95 344.59 994.23 347.57 995.41 526.28 1008
539.84 1010 550.59 1012 559.5 1014 568.23 1016 576.34 1018
583.58 1020

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 325.95 .045 347.57 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
325.95 347.57 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 1100

INPUT
Description: 11+00
Station Elevation Data num= 27

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1020 5.56 1018 11.69 1016 17.69 1014 23.49 1012
32.37 1010 57 1008 90.4 1006 102.86 1004 141.39 1002
252.85 1000 324.8 998.7 376.75 997 407.3 995.87 410.28 993.33
410.45 993.34 424.95 990.76 435.44 993.29 436.12 993.53 441.29 999.99
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481.01 1008 541.23 1010 557.62 1012 570.21 1014 577.45 1016
584.32 1018 591.16 1020

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 407.3 .045 441.29 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
407.3 441.29 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 1000

INPUT
Description: 10+00
Station Elevation Data num= 25

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1018 4.56 1016 10.03 1014 16.12 1012 24.25 1010
68.33 1008 85.19 1006 104.4 1004 164.4 1002 258.05 1000
410.45 997.45 412.99 993.5 413.63 993.25 424.72 993.2 444.4 992.71
444.68 992.61 444.8 995.57 463.16 1002 488.84 1002 493.82 1004
502.09 1006 513.73 1008 523.1 1010 529.27 1012 538.81 1014

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 410.45 .045 444.8 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
410.45 444.8 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 900

INPUT
Description: 9+00
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1018 5.23 1016 10.73 1014 17.6 1012 32.87 1010
63.06 1009.01 98.76 1008 125.63 1006 219.27 1004 260.04 1002
318.57 1000 386.21 998 449.32 996.78 455.58 992.73 456.44 992.36
463.97 991.03 472.18 992.35 472.73 992.49 474 993.9 542.58 997
561.7 1000 566.33 1002 570.19 1004 574.97 1006 581.02 1008
587.22 1010 593.8 1012 600.84 1014

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 449.32 .045 474 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
449.32 474 100 100 100 .1 .3

CROSS SECTION
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RIVER: Chartiers Run
REACH: 2 RS: 800

INPUT
Description: 8+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1020 19.45 1018 26.39 1016 31.97 1014 37.47 1012
48.15 1010 129.59 1008 168.44 1006 245.01 1004 291.83 1002
340.73 1000 426.05 998 496.92 996 504.12 996.79 508.56 992.47
509.61 991.92 517.95 990.97 526.71 991.92 530.58 992.42 532.68 993.34
540.9 994 578.32 996 584.86 998 589.05 1000 593.45 1002
599.36 1002.6 620.86 1004 632.98 1006 638.18 1008 640.47 1010
642.81 1012

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 504.12 .045 532.68 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
504.12 532.68 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 700

INPUT
Description: 7+00
Station Elevation Data num= 24

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1018 8.32 1016 31.4 1014 48.64 1012 65.7 1010
115.56 1008 130.19 1006 214.37 1004 269.16 1002 304.44 1000.89
335.41 1000 456.48 998 518.32 998 542.34 998 547.32 994
567.4 993.59 569.75 991.78 570.79 991.23 583.23 990.34 594.92 991.58
595.26 991.83 595.92 994.75 611.69 1013 614.49 1014

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 567.4 .045 595.92 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
567.4 595.92 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 600

INPUT
Description: 6+00
Station Elevation Data num= 21

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1018 8.28 1016 17.93 1014 24.97 1012 64.42 1010
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109.73 1008 134.72 1006 209.95 1004 262.21 1002 285.57 1001.19
328.45 1000 414.43 997 594.77 993.07 596.71 992.38 596.94 991.44
604.59 990.85 612.65 991.44 613.49 991.63 614.48 992.64 644.96 1007
649.16 1010

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 594.77 .045 614.48 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
594.77 614.48 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 500

INPUT
Description: 5+00
Station Elevation Data num= 22

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1018 7.61 1016 14.82 1014 28.12 1012 77.14 1010
105.48 1008 169.46 1006 204.58 1004 246.73 1002 265.12 1001.15
289.81 1000 393.16 998 556.64 994.5 574.81 993.73 577.67 991.19
578.9 990.88 585.96 989.8 592.87 991.16 593.94 991.28 594.81 992.76
619.22 1017 626.63 1020

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 574.81 .045 594.81 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
574.81 594.81 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 400

INPUT
Description: 4+00
4+00
Station Elevation Data num= 26

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1020 8.4 1018 16.74 1016 30.8 1014 87.62 1012
94.14 1010 112.83 1008 180.85 1006 197.47 1004 214.14 1002
268.8 1000 324.88998.5293 332.7996.4737 352.86 996.56 390.23 997.06
521.56 996 536.02 994.67 539.35 991.14 540.71 990.65 547.75 990.57
554.17 990.7 559.04 991.62 561.11 995.02 577.68 1007 599.84 1010
605.13 1012

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 536.02 .045 561.11 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
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536.02 561.11 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 300

INPUT
Description: 3+00
3+00
Station Elevation Data num= 32

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1016 13.91 1014 69.69 1012 108.77 1010 117.37 1008
151.47 1006 154.28 1005.17 176.22 1003.8 213.5 1001.41 247.56 1000.28
281.48 999.14 317.23 998.05 352.99 997.46 359.31995.4672 421.22 995.81
497.59 996 506.88 995.33 509.96 990.82 510.96 990.36 517.04 990.15
522.36 990.36 530.74 991.22 533.86 993.31 543.96 996 554.93 998
558.65 1000 561.82 1002 564.69 1004 567.54 1006 570.49 1008
574.04 1010 578.12 1012

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 506.88 .045 533.86 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
506.88 533.86 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 200

INPUT
Description: 2+00
Station Elevation Data num= 32

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1016 34.24 1014 54.23 1012 88.6 1010 105.26 1008
110.95 1006 134.75 1004 155.42 1002.4 163.09 1002.05 200.06 1000.43
234.34 999.48 267.77 998.38 301.14 997.53 340.5 996.86 370.78994.4543
441.46 995.02 503.4 994 512.46 993.6 516.73 990.33 517.06 990.2
524.95 989.49 531.11 990.03 531.36 990.1 532.92 992.04 553.69 994
559.79 998 564.6 1000 568.47 1002 571.85 1004 575.03 1006
578.47 1008 581.57 1010

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 512.46 .045 532.92 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
512.46 532.92 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 100

Page 7



HoustonInjection.rep
INPUT
Description: 1+00
Station Elevation Data num= 29

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1016 18.49 1014 33 1012 57.1 1010 95.37 1008
101.51 1006 105.78 1004 121.71 1002 153.3 1000 156.48 999.9
181.48 998.88 216.34 998.65 251.28 997.64 292.32 994.97 332.22 994.44
456.12 994.2 530.11 993.13 531.92 990.21 532.37 990.09 541.57 989.94
550.34 990.46 550.61 990.82 588.39 998 596.38 1000 599.1 1002
601.43 1004 603.89 1006 606.39 1008 609.02 1010

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 530.11 .045 550.61 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
530.11 550.61 100 100 100 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 2 RS: 000

INPUT
Description: 0+00
0+00
Station Elevation Data num= 34

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1016 38.1 1014 49.42 1012 58.9 1010 78.48 1008
110.64 1006 116.83 1004 123.89 1002 144.04 1000 168.76 998
171.2 997.18 199.55 997.13 234.47 995.71 275.65 995.12 317.06 994.56
368.67 994.07 405.94 993.92 581.95 994 593.22 990.81 594.99 990.31
595.58 990.32 604.62 989.88 612.46 990.26 613.01 990.33 615.31 990.86
648.51 996 655.74 998 666.41 1000 688.85 1002 697.85 1004
702.06 1006 705.65 1008 708.85 1010 711.9 1012

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .035 593.22 .045 615.31 .1

Bank Sta: Left Right Coeff Contr. Expan.
593.22 615.31 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 1 RS: 690

INPUT
Description: O
Station Elevation Data num= 32

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 3.834 1008.45 7.558 1006.45 12.239 1004.45 47.435 1002.45
51.871 1000.45 58.454 998.45 72.214 996.45 109.854 994.45 128.396 992.45
147.977 990.45 159.696 990.45 161.791 992.45 175.445 992.45 179.32 992.089
179.321 992.089 180.955 988.976 181.24 988.965 190.122 989.095 200.046 989.75
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205.477 991.618 206.483 992.45 210.978 994.45 215.831 996.45 225.482 998.45
235.577 1000.45 249.658 1002.45 327.388 1003.59 419.755 1004.45 422.291 1006.45
424.189 1008.45 425.672 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 179.32 .045 205.477 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
179.32 205.477 690 690 690 .1 .3

CROSS SECTION

RIVER: Chartiers Run
REACH: 1 RS: 000

INPUT
Description: N
Station Elevation Data num= 22

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

1715 1006.3 1725 1000.4 1773 1000.4 1782 1001.8 1793 1001.8
1808 1001.4 1832 999.9 1850 993.4 1866 993.3 1901 992.3
1970 990.6 1987 986.7 1997 986.2 2000 985.9 2005 985.7
2006 986.2 2013 990.8 2038 990.3 2084 991.9 2098 998.9
2145 999.3 2222 1007

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
1715 .1 1970 .045 2013 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
1970 2013 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 700

INPUT
Description: 7+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 19.55 1008.45 32.84 1006.45 45.16 1004.45 60.48 1002.45
83.63 1000.45 105 998.45 199.77 996.45 215.09 995.25 216.25 993.4
216.84 992.88 221.96 992.52 226.8 992.87 234.82 992.86 239.2 996.42
241.34 996.45 244.65 998.45 271.7 998.45 295.52 998.45 303.77 1000.45
335.24 1001.1 401.57 1002.45 429.04 1004.45 434.97 1006.45 437.76 1008.45
440.58 1010.45 443.43 1012.45 445.83 1014.45 448.43 1016.45 451.05 1018.45
453.67 1020.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 215.09 .045 239.2 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
215.09 239.2 100 100 100 .1 .3
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CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 600

INPUT
Description: 6+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 2.65 1008.45 5.6 1006.45 9.02 1004.45 12.9 1002.45
17.22 1000.45 24.53 998.45 98.22 996.45 102.18 994.45 108.86 995.33
111.12 992.92 112.83 992.29 116.79 991.61 120.05 992.21 122.46 992.44
126.95 992.92 134.4 994.45 151.84 996.45 161.39 998.45 188.75 998.45
232.09 996.45 239.86 996.45 252.57 998.45 260.19 1000.45 329.76 1002.45
366.35 1004.45 376.68 1006.45 386.51 1008.45 392.81 1010.45 396.78 1012.45
400.8 1014.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 108.86 .045 126.95 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
108.86 126.95 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 500

INPUT
Description: 5+00
Station Elevation Data num= 25

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 3.08 1008.45 6.16 1006.45 9.23 1004.45 12.31 1002.45
15.44 1000.45 19.05 998.45 122.08 996.6 130.35 996.45 144.22 994.45
145.87 994.28 146.95 992.58 148.02 992.28 157.18 991.6 166.49 992.18
166.94 992.63 167.24 992.91 172.62 994.45 178.98 996.45 184.49 998.45
194.71 1000.45 356.68 1002.45 369.21 1004.45 379.49 1008.45 382.9 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 145.87 .045 167.24 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
145.87 167.24 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 400

INPUT
Description: 4+00
Station Elevation Data num= 27

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
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********************************************************************************

0 1010.45 3.11 1008.45 6.28 1006.45 9.45 1004.45 12.61 1002.45
15.72 1000.45 19.21 998.45 36.98 996.45 41.65 996.45 99.21 996.45
153.1 993.51 154.68 991.6 154.95 991.35 162.85 990.47 169.62 991.31
171.8 991.69 173.25 994.78 184.83 996.45 193.92 998.45 207.07 1000.45
236.59 1002.45 250.86 1002.45 282.12 1002.45 288.86 1004.45 309.36 1006.45
317.96 1008.45 327.35 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 153.1 .045 173.25 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
153.1 173.25 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 300

INPUT
Description: 3+00
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 3 1008.45 6.97 1006.45 12.45 1004.45 17.34 1002.45
21.7 1000.45 25.86 998.45 81.48 996.45 131.06 996.45 171.03 996.45

181.63 994.45 186.94 993.61 188.03 991.3 188.87 991.47 196.07 990.85
202.62 991.23 203.61 991.2 205.07 994.1 216.1 996.45 231 998.23
233.34 998.45 318.93 1000.37 321.99 1000.45 334.41 1002.45 349.12 1004.45
360.12 1006.45 371.36 1008.45 382.06 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 186.94 .045 205.07 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
186.94 205.07 25 25 25 .1 .3

BRIDGE

RIVER: Westland Run
REACH: 3 RS: 292

INPUT
Description:
Distance from Upstream XS = 8
Deck/Roadway Width = 16
Weir Coefficient = 2.6
Upstream Deck/Roadway Coordinates

num= 28
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord

************************************************************************
0 998.416 996.249 3 998.416 996.249 6.97 998.416 996.249

12.45 998.416 996.249 17.34 998.416 996.249 21.7 998.416 996.249
25.86 998.416 996.249 81.48 998.416 996.249 131.06 998.416 996.249
171.03 998.416 996.249 181.63 998.416 996.249 186.94 998.416 996.249
188.03 998.416 996.249 188.87 998.416 996.249 196.07 998.416 996.249
202.62 998.416 996.249 203.61 998.416 996.249 205.07 998.416 996.249
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216.1 998.416 996.249 231 998.416 996.249 233.34 998.416 996.249
318.93 998.416 996.249 321.99 998.416 996.249 334.41 998.416 996.249
349.12 998.416 996.249 360.12 998.416 996.249 371.36 998.416 996.249
382.06 998.416 996.249

Upstream Bridge Cross Section Data
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 3 1008.45 6.97 1006.45 12.45 1004.45 17.34 1002.45
21.7 1000.45 25.86 998.45 81.48 996.45 131.06 996.45 171.03 996.45

181.63 994.45 186.94 993.61 188.03 991.3 188.87 991.47 196.07 990.85
202.62 991.23 203.61 991.2 205.07 994.1 216.1 996.45 231 998.23
233.34 998.45 318.93 1000.37 321.99 1000.45 334.41 1002.45 349.12 1004.45
360.12 1006.45 371.36 1008.45 382.06 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 186.94 .045 205.07 .1

Bank Sta: Left Right Coeff Contr. Expan.
186.94 205.07 .1 .3

Downstream Deck/Roadway Coordinates
num= 28
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord

************************************************************************
0 998.416 996.249 3 998.416 996.249 6.97 998.416 996.249

12.45 998.416 996.249 17.34 998.416 996.249 21.7 998.416 996.249
25.86 998.416 996.249 81.48 998.416 996.249 131.06 998.416 996.249
171.03 998.416 996.249 181.63 998.416 996.249 186.94 998.416 996.249
188.03 998.416 996.249 188.87 998.416 996.249 196.07 998.416 996.249
202.62 998.416 996.249 203.61 998.416 996.249 205.07 998.416 996.249
216.1 998.416 996.249 231 998.416 996.249 233.34 998.416 996.249
318.93 998.416 996.249 321.99 998.416 996.249 334.41 998.416 996.249
349.12 998.416 996.249 360.12 998.416 996.249 371.36 998.416 996.249
382.06 998.416 996.249

Downstream Bridge Cross Section Data
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 3 1008.45 6.97 1006.45 12.45 1004.45 17.34 1002.45
21.7 1000.45 25.86 998.45 81.48 996.45 131.06 996.45 171.03 996.45

181.63 994.45 186.94 993.61 188.03 991.3 188.87 991.47 196.07 990.85
202.62 991.23 203.61 991.2 205.07 994.1 216.1 996.45 231 998.23
233.34 998.45 318.93 1000.37 321.99 1000.45 334.41 1002.45 349.12 1004.45
360.12 1006.45 371.36 1008.45 382.06 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 186.94 .045 205.07 .1

Bank Sta: Left Right Coeff Contr. Expan.
186.94 205.07 .1 .3

Upstream Embankment side slope = .212 horiz. to 1.0 vertical
Downstream Embankment side slope = .258 horiz. to 1.0 vertical
Maximum allowable submergence for weir flow = .98
Elevation at which weir flow begins =
Energy head used in spillway design =
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Spillway height used in design =
Weir crest shape = Broad Crested

Number of Bridge Coefficient Sets = 1

Low Flow Methods and Data
Energy

Selected Low Flow Methods = Highest Energy Answer

High Flow Method
Energy Only

Additional Bridge Parameters
Add Friction component to Momentum
Do not add Weight component to Momentum
Class B flow critical depth computations use critical depth

inside the bridge at the upstream end
Criteria to check for pressure flow = Upstream energy grade line

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 275

INPUT
Description:
Station Elevation Data num= 28

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 3 1008.45 6.97 1006.45 12.45 1004.45 17.34 1002.45
21.7 1000.45 25.86 998.45 81.48 996.45 131.06 996.45 171.03 996.45

181.63 994.45 186.94 993.61 188.03 991.3 188.87 991.47 196.07 990.85
202.62 991.23 203.61 991.2 205.07 994.1 216.1 996.45 231 998.23
233.34 998.45 318.93 1000.37 321.99 1000.45 334.41 1002.45 349.12 1004.45
360.12 1006.45 371.36 1008.45 382.06 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 186.94 .045 205.07 .1

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
186.94 205.07 75 75 75 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 200

INPUT
Description: 2+00
Station Elevation Data num= 26

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 3.65 1008.45 6.15 1006.45 8.35 1004.45 10.72 1002.45
14.43 1000.45 18.13 998.45 86.3 996.45 114.76 994.45 156.3 994.45
184.6 994.34 188.13 990.61 189.66 990.12 196.34 989.62 202.93 990.18
204.23 990.52 207.82 994.73 213.02 994.45 269.55 996.45 318.58 998.45
393.56 1000.45 424.45 1002.45 433.17 1004.45 446.7 1006.45 459.07 1008.45
467.71 1010.45
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Manning's n Values num= 3

Sta n Val Sta n Val Sta n Val
************************************************

0 .1 184.6 .045 207.82 .035

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
184.6 207.82 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 100

INPUT
Description: 1+00
Station Elevation Data num= 31

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 3.34 1008.45 6.55 1006.45 9.27 1004.45 11.61 1002.45
15.5 1000.45 18.5 998.45 67.97 996.45 81.85 994.45 100.64 992.06
104.5 990.01 105.55 989.65 114.96 989.16 121.1 989.65 124.43 990.35
130.94 997.21 161.66 994.45 169.6 994.48 189.96 994.45 221.79 994
295.39 994.96 395.01 996.45 437.81 998.45 460.09 1000.45 463.45 1000.45
473.66 1000.45 494.19 1002.45 520.57 1004.45 527.43 1006.45 534.56 1008.45
543.23 1010.45

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 100.64 .045 130.94 .035

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
100.64 130.94 100 100 100 .1 .3

CROSS SECTION

RIVER: Westland Run
REACH: 3 RS: 000

INPUT
Description: 0+00
Station Elevation Data num= 34

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
********************************************************************************

0 1010.45 2.62 1008.45 5.23 1006.45 7.84 1004.45 10.47 1002.45
13.09 1000.45 30.96 998.45 67.11 996.45 89.34 994.45 106.61 992.51
110.75 989.74 110.96 989.64 126.33 988.87 134.71 989.63 136.89 992.53
186.09 994.45 193.64 994.47 247.36 994.45 320 994.45 354.52 994.45
374.47 994.6 427.76 995.27 468.24 995.82 500.95 996.69 517.8 998.45
551.34 1000.45 557.73 1001.22 568.93 1002.45 583.64 1004.45 597.42 1006.45
616.28 1008.45 622.68 1010.45 630.2 1012.45 645.48 1013.88

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

************************************************
0 .1 106.61 .045 136.89 .035

Bank Sta: Left Right Coeff Contr. Expan.
106.61 136.89 .1 .3

********************************************************************************
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SUMMARY OF MANNING'S N VALUES

River:Chartiers Run
*****************************************************************
* Reach * River Sta. * n1 * n2 * n3 *
*****************************************************************
*2 * 1300 * .1* .045* .1*
*2 * 1200 * .035* .045* .1*
*2 * 1100 * .035* .045* .1*
*2 * 1000 * .035* .045* .1*
*2 * 900 * .035* .045* .1*
*2 * 800 * .035* .045* .1*
*2 * 700 * .035* .045* .1*
*2 * 600 * .035* .045* .1*
*2 * 500 * .035* .045* .1*
*2 * 400 * .035* .045* .1*
*2 * 300 * .035* .045* .1*
*2 * 200 * .035* .045* .1*
*2 * 100 * .035* .045* .1*
*2 * 000 * .035* .045* .1*
*1 * 690 * .1* .045* .1*
*1 * 000 * .1* .045* .1*
*****************************************************************

River:Westland Run
*****************************************************************
* Reach * River Sta. * n1 * n2 * n3 *
*****************************************************************
*3 * 700 * .1* .045* .1*
*3 * 600 * .1* .045* .1*
*3 * 500 * .1* .045* .1*
*3 * 400 * .1* .045* .1*
*3 * 300 * .1* .045* .1*
*3 * 292 *Bridge * * *
*3 * 275 * .1* .045* .1*
*3 * 200 * .1* .045* .035*
*3 * 100 * .1* .045* .035*
*3 * 000 * .1* .045* .035*
*****************************************************************

********************************************************************************

SUMMARY OF REACH LENGTHS

River: Chartiers Run
*****************************************************************
* Reach * River Sta. * Left * Channel * Right *
*****************************************************************
*2 * 1300 * 100* 100* 100*
*2 * 1200 * 100* 100* 100*
*2 * 1100 * 100* 100* 100*
*2 * 1000 * 100* 100* 100*
*2 * 900 * 100* 100* 100*
*2 * 800 * 100* 100* 100*
*2 * 700 * 100* 100* 100*
*2 * 600 * 100* 100* 100*
*2 * 500 * 100* 100* 100*
*2 * 400 * 100* 100* 100*
*2 * 300 * 100* 100* 100*
*2 * 200 * 100* 100* 100*
*2 * 100 * 100* 100* 100*
*2 * 000 * * * *
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*1 * 690 * 690* 690* 690*
*1 * 000 * 100* 100* 100*
*****************************************************************

River: Westland Run
*****************************************************************
* Reach * River Sta. * Left * Channel * Right *
*****************************************************************
*3 * 700 * 100* 100* 100*
*3 * 600 * 100* 100* 100*
*3 * 500 * 100* 100* 100*
*3 * 400 * 100* 100* 100*
*3 * 300 * 25* 25* 25*
*3 * 292 *Bridge * * *
*3 * 275 * 75* 75* 75*
*3 * 200 * 100* 100* 100*
*3 * 100 * 100* 100* 100*
*3 * 000 * * * *
*****************************************************************

********************************************************************************

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: Chartiers Run

*******************************************************
* Reach * River Sta. * Contr. * Expan. *
*******************************************************
*2 * 1300 * .1* .3*
*2 * 1200 * .1* .3*
*2 * 1100 * .1* .3*
*2 * 1000 * .1* .3*
*2 * 900 * .1* .3*
*2 * 800 * .1* .3*
*2 * 700 * .1* .3*
*2 * 600 * .1* .3*
*2 * 500 * .1* .3*
*2 * 400 * .1* .3*
*2 * 300 * .1* .3*
*2 * 200 * .1* .3*
*2 * 100 * .1* .3*
*2 * 000 * .1* .3*
*1 * 690 * .1* .3*
*1 * 000 * .1* .3*
*******************************************************
River: Westland Run

*******************************************************
* Reach * River Sta. * Contr. * Expan. *
*******************************************************
*3 * 700 * .1* .3*
*3 * 600 * .1* .3*
*3 * 500 * .1* .3*
*3 * 400 * .1* .3*
*3 * 300 * .1* .3*
*3 * 292 *Bridge * *
*3 * 275 * .1* .3*
*3 * 200 * .1* .3*
*3 * 100 * .1* .3*
*3 * 000 * .1* .3*
*******************************************************

********************************************************************************
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Plan: Plan 36 Chartiers Run 2 RS: 1300 Profile: 100yr Storm

E.G. Elev (ft) 1001.42 Element Left OB Channel Right OB

Vel Head (ft) 2.07 Wt. n-Val. 0.045

W.S. Elev (ft) 999.36 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) 999.06 Flow Area (sq ft) 144.43

E.G. Slope (ft/ft) 0.018310 Area (sq ft) 144.43

Q Total (cfs) 1666.75 Flow (cfs) 1666.75

Top Width (ft) 29.67 Top Width (ft) 29.67

Vel Total (ft/s) 11.54 Avg. Vel. (ft/s) 11.54

Max Chl Dpth (ft) 6.64 Hydr. Depth (ft) 4.87

Conv. Total (cfs) 12317.6 Conv. (cfs) 12317.6

Length Wtd. (ft) 100.00 Wetted Per. (ft) 34.80

Min Ch El (ft) 992.72 Shear (lb/sq ft) 4.74

Alpha 1.00 Stream Power (lb/ft s) 522.21 0.00 0.00

Frctn Loss (ft) 0.53 Cum Volume (acre-ft) 15.03 5.74 2.83

C & E Loss (ft) 0.53 Cum SA (acres) 5.33 0.76 0.80

Plan: Plan 36 Chartiers Run 2 RS: 1200 Profile: 100yr Storm

E.G. Elev (ft) 1000.36 Element Left OB Channel Right OB

Vel Head (ft) 0.29 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 1000.07 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 209.23 131.58 154.27

E.G. Slope (ft/ft) 0.002465 Area (sq ft) 209.23 131.58 154.27

Q Total (cfs) 1666.75 Flow (cfs) 757.94 709.05 199.76

Top Width (ft) 180.51 Top Width (ft) 92.71 21.62 66.18

Vel Total (ft/s) 3.37 Avg. Vel. (ft/s) 3.62 5.39 1.29

Max Chl Dpth (ft) 6.79 Hydr. Depth (ft) 2.26 6.09 2.33

Conv. Total (cfs) 33572.7 Conv. (cfs) 15267.0 14282.1 4023.6

Length Wtd. (ft) 100.00 Wetted Per. (ft) 92.86 22.08 66.34

Min Ch El (ft) 993.28 Shear (lb/sq ft) 0.35 0.92 0.36

Alpha 1.63 Stream Power (lb/ft s) 583.58 0.00 0.00

Frctn Loss (ft) 0.20 Cum Volume (acre-ft) 14.78 5.42 2.66

C & E Loss (ft) 0.02 Cum SA (acres) 5.23 0.70 0.73

Plan: Plan 36 Chartiers Run 2 RS: 1100 Profile: 100yr Storm

E.G. Elev (ft) 1000.14 Element Left OB Channel Right OB

Vel Head (ft) 0.23 Wt. n-Val. 0.035 0.045

W.S. Elev (ft) 999.92 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 254.51 234.52

E.G. Slope (ft/ft) 0.001636 Area (sq ft) 254.51 234.52

Q Total (cfs) 1666.75 Flow (cfs) 622.17 1044.58

Top Width (ft) 183.70 Top Width (ft) 149.77 33.93

Vel Total (ft/s) 3.41 Avg. Vel. (ft/s) 2.44 4.45

Max Chl Dpth (ft) 9.16 Hydr. Depth (ft) 1.70 6.91

Conv. Total (cfs) 41209.8 Conv. (cfs) 15382.9 25826.9

Length Wtd. (ft) 100.00 Wetted Per. (ft) 149.83 38.50

Min Ch El (ft) 990.76 Shear (lb/sq ft) 0.17 0.62

Alpha 1.26 Stream Power (lb/ft s) 591.16 0.00 0.00

Frctn Loss (ft) 0.25 Cum Volume (acre-ft) 14.25 5.00 2.48

C & E Loss (ft) 0.04 Cum SA (acres) 4.95 0.64 0.65



Plan: Plan 36 Chartiers Run 2 RS: 1000 Profile: 100yr Storm

E.G. Elev (ft) 999.85 Element Left OB Channel Right OB

Vel Head (ft) 0.58 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 999.27 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 99.31 207.31 19.58

E.G. Slope (ft/ft) 0.004414 Area (sq ft) 99.31 207.31 19.58

Q Total (cfs) 1666.75 Flow (cfs) 263.32 1375.39 28.04

Top Width (ft) 153.87 Top Width (ft) 108.95 34.35 10.57

Vel Total (ft/s) 5.11 Avg. Vel. (ft/s) 2.65 6.63 1.43

Max Chl Dpth (ft) 6.66 Hydr. Depth (ft) 0.91 6.04 1.85

Conv. Total (cfs) 25086.4 Conv. (cfs) 3963.2 20701.2 422.0

Length Wtd. (ft) 100.00 Wetted Per. (ft) 108.97 39.42 11.20

Min Ch El (ft) 992.61 Shear (lb/sq ft) 0.25 1.45 0.48

Alpha 1.44 Stream Power (lb/ft s) 538.81 0.00 0.00

Frctn Loss (ft) 0.32 Cum Volume (acre-ft) 13.85 4.50 2.46

C & E Loss (ft) 0.09 Cum SA (acres) 4.65 0.56 0.64

Plan: Plan 36 Chartiers Run 2 RS: 900 Profile: 100yr Storm

E.G. Elev (ft) 999.44 Element Left OB Channel Right OB

Vel Head (ft) 0.28 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 999.16 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 134.51 162.10 269.34

E.G. Slope (ft/ft) 0.002489 Area (sq ft) 134.51 162.10 269.34

Q Total (cfs) 1666.75 Flow (cfs) 341.70 885.99 439.06

Top Width (ft) 209.39 Top Width (ft) 102.36 24.68 82.35

Vel Total (ft/s) 2.95 Avg. Vel. (ft/s) 2.54 5.47 1.63

Max Chl Dpth (ft) 8.13 Hydr. Depth (ft) 1.31 6.57 3.27

Conv. Total (cfs) 33411.1 Conv. (cfs) 6849.6 17760.2 8801.2

Length Wtd. (ft) 100.00 Wetted Per. (ft) 102.39 26.82 82.59

Min Ch El (ft) 991.03 Shear (lb/sq ft) 0.20 0.94 0.51

Alpha 2.06 Stream Power (lb/ft s) 600.84 0.00 0.00

Frctn Loss (ft) 0.21 Cum Volume (acre-ft) 13.58 4.07 2.12

C & E Loss (ft) 0.02 Cum SA (acres) 4.41 0.49 0.53

Plan: Plan 36 Chartiers Run 2 RS: 800 Profile: 100yr Storm

E.G. Elev (ft) 999.21 Element Left OB Channel Right OB

Vel Head (ft) 0.23 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.99 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 180.41 194.69 206.98

E.G. Slope (ft/ft) 0.001783 Area (sq ft) 180.41 194.69 206.98

Q Total (cfs) 1666.75 Flow (cfs) 423.68 928.33 314.74

Top Width (ft) 203.04 Top Width (ft) 120.23 28.56 54.25

Vel Total (ft/s) 2.86 Avg. Vel. (ft/s) 2.35 4.77 1.52

Max Chl Dpth (ft) 8.02 Hydr. Depth (ft) 1.50 6.82 3.82

Conv. Total (cfs) 39476.4 Conv. (cfs) 10034.7 21987.1 7454.6

Length Wtd. (ft) 100.00 Wetted Per. (ft) 120.31 30.78 54.85

Min Ch El (ft) 990.97 Shear (lb/sq ft) 0.17 0.70 0.42

Alpha 1.77 Stream Power (lb/ft s) 642.81 0.00 0.00

Frctn Loss (ft) 0.22 Cum Volume (acre-ft) 13.22 3.66 1.58

C & E Loss (ft) 0.02 Cum SA (acres) 4.15 0.43 0.37



Plan: Plan 36 Chartiers Run 2 RS: 700 Profile: 100yr Storm

E.G. Elev (ft) 998.97 Element Left OB Channel Right OB

Vel Head (ft) 0.46 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.51 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 158.54 211.03 6.10

E.G. Slope (ft/ft) 0.002726 Area (sq ft) 158.54 211.03 6.10

Q Total (cfs) 1666.75 Flow (cfs) 376.25 1285.07 5.43

Top Width (ft) 173.43 Top Width (ft) 141.66 28.52 3.25

Vel Total (ft/s) 4.44 Avg. Vel. (ft/s) 2.37 6.09 0.89

Max Chl Dpth (ft) 8.17 Hydr. Depth (ft) 1.12 7.40 1.88

Conv. Total (cfs) 31926.1 Conv. (cfs) 7207.0 24615.1 104.0

Length Wtd. (ft) 100.00 Wetted Per. (ft) 143.08 31.79 4.97

Min Ch El (ft) 990.34 Shear (lb/sq ft) 0.19 1.13 0.21

Alpha 1.52 Stream Power (lb/ft s) 614.49 0.00 0.00

Frctn Loss (ft) 0.09 Cum Volume (acre-ft) 12.83 3.20 1.33

C & E Loss (ft) 0.12 Cum SA (acres) 3.85 0.36 0.31

Plan: Plan 36 Chartiers Run 2 RS: 600 Profile: 100yr Storm

E.G. Elev (ft) 998.76 Element Left OB Channel Right OB

Vel Head (ft) 0.06 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.70 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 703.01 144.42 39.01

E.G. Slope (ft/ft) 0.000420 Area (sq ft) 703.01 144.42 39.01

Q Total (cfs) 1666.75 Flow (cfs) 1290.80 352.68 23.27

Top Width (ft) 261.72 Top Width (ft) 229.14 19.71 12.87

Vel Total (ft/s) 1.88 Avg. Vel. (ft/s) 1.84 2.44 0.60

Max Chl Dpth (ft) 7.85 Hydr. Depth (ft) 3.07 7.33 3.03

Conv. Total (cfs) 81352.8 Conv. (cfs) 63003.2 17214.0 1135.7

Length Wtd. (ft) 100.00 Wetted Per. (ft) 229.22 21.06 14.23

Min Ch El (ft) 990.85 Shear (lb/sq ft) 0.08 0.18 0.07

Alpha 1.10 Stream Power (lb/ft s) 649.16 0.00 0.00

Frctn Loss (ft) 0.06 Cum Volume (acre-ft) 11.84 2.79 1.28

C & E Loss (ft) 0.01 Cum SA (acres) 3.43 0.31 0.29

Plan: Plan 36 Chartiers Run 2 RS: 500 Profile: 100yr Storm

E.G. Elev (ft) 998.69 Element Left OB Channel Right OB

Vel Head (ft) 0.13 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.56 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 467.05 154.16 16.95

E.G. Slope (ft/ft) 0.001000 Area (sq ft) 467.05 154.16 16.95

Q Total (cfs) 1666.75 Flow (cfs) 1065.68 588.18 12.89

Top Width (ft) 236.56 Top Width (ft) 210.72 20.00 5.84

Vel Total (ft/s) 2.61 Avg. Vel. (ft/s) 2.28 3.82 0.76

Max Chl Dpth (ft) 8.76 Hydr. Depth (ft) 2.22 7.71 2.90

Conv. Total (cfs) 52709.1 Conv. (cfs) 33700.9 18600.5 407.7

Length Wtd. (ft) 100.00 Wetted Per. (ft) 210.78 22.07 8.23

Min Ch El (ft) 989.80 Shear (lb/sq ft) 0.14 0.44 0.13

Alpha 1.24 Stream Power (lb/ft s) 626.63 0.00 0.00

Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 10.50 2.45 1.22

C & E Loss (ft) 0.00 Cum SA (acres) 2.92 0.26 0.27



Plan: Plan 36 Chartiers Run 2 RS: 400 Profile: 100yr Storm

E.G. Elev (ft) 998.58 Element Left OB Channel Right OB

Vel Head (ft) 0.16 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.42 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 398.30 179.44 7.99

E.G. Slope (ft/ft) 0.001308 Area (sq ft) 398.30 179.44 7.99

Q Total (cfs) 1666.75 Flow (cfs) 934.05 727.39 5.31

Top Width (ft) 240.51 Top Width (ft) 210.72 25.09 4.70

Vel Total (ft/s) 2.85 Avg. Vel. (ft/s) 2.35 4.05 0.67

Max Chl Dpth (ft) 7.85 Hydr. Depth (ft) 1.89 7.15 1.70

Conv. Total (cfs) 46082.9 Conv. (cfs) 25824.8 20111.1 146.9

Length Wtd. (ft) 100.00 Wetted Per. (ft) 211.04 28.70 5.80

Min Ch El (ft) 990.57 Shear (lb/sq ft) 0.15 0.51 0.11

Alpha 1.27 Stream Power (lb/ft s) 605.13 0.00 0.00

Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 9.50 2.06 1.19

C & E Loss (ft) 0.01 Cum SA (acres) 2.44 0.21 0.26

Plan: Plan 36 Chartiers Run 2 RS: 300 Profile: 100yr Storm

E.G. Elev (ft) 998.46 Element Left OB Channel Right OB

Vel Head (ft) 0.13 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.32 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 408.76 197.89 51.65

E.G. Slope (ft/ft) 0.001016 Area (sq ft) 408.76 197.89 51.65

Q Total (cfs) 1666.75 Flow (cfs) 893.87 730.04 42.84

Top Width (ft) 247.24 Top Width (ft) 198.59 26.98 21.67

Vel Total (ft/s) 2.53 Avg. Vel. (ft/s) 2.19 3.69 0.83

Max Chl Dpth (ft) 8.17 Hydr. Depth (ft) 2.06 7.33 2.38

Conv. Total (cfs) 52299.1 Conv. (cfs) 28047.9 22907.1 1344.1

Length Wtd. (ft) 100.00 Wetted Per. (ft) 198.93 30.15 22.28

Min Ch El (ft) 990.15 Shear (lb/sq ft) 0.13 0.42 0.15

Alpha 1.33 Stream Power (lb/ft s) 578.12 0.00 0.00

Frctn Loss (ft) 0.06 Cum Volume (acre-ft) 8.58 1.63 1.12

C & E Loss (ft) 0.02 Cum SA (acres) 1.97 0.15 0.23

Plan: Plan 36 Chartiers Run 2 RS: 200 Profile: 100yr Storm

E.G. Elev (ft) 998.37 Element Left OB Channel Right OB

Vel Head (ft) 0.06 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.31 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 665.29 162.59 124.12

E.G. Slope (ft/ft) 0.000431 Area (sq ft) 665.29 162.59 124.12

Q Total (cfs) 1666.75 Flow (cfs) 1150.24 415.51 101.01

Top Width (ft) 290.08 Top Width (ft) 242.00 20.46 27.62

Vel Total (ft/s) 1.75 Avg. Vel. (ft/s) 1.73 2.56 0.81

Max Chl Dpth (ft) 8.82 Hydr. Depth (ft) 2.75 7.95 4.49

Conv. Total (cfs) 80289.2 Conv. (cfs) 55408.1 20015.5 4865.5

Length Wtd. (ft) 100.00 Wetted Per. (ft) 242.13 22.59 28.97

Min Ch El (ft) 989.49 Shear (lb/sq ft) 0.07 0.19 0.12

Alpha 1.22 Stream Power (lb/ft s) 581.57 0.00 0.00

Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 7.34 1.22 0.92

C & E Loss (ft) 0.01 Cum SA (acres) 1.46 0.10 0.17



Plan: Plan 36 Chartiers Run 2 RS: 100 Profile: 100yr Storm

E.G. Elev (ft) 998.34 Element Left OB Channel Right OB

Vel Head (ft) 0.03 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.31 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 1071.71 165.18 147.51

E.G. Slope (ft/ft) 0.000160 Area (sq ft) 1071.71 165.18 147.51

Q Total (cfs) 1666.75 Flow (cfs) 1338.46 261.83 66.46

Top Width (ft) 361.50 Top Width (ft) 301.98 20.50 39.02

Vel Total (ft/s) 1.20 Avg. Vel. (ft/s) 1.25 1.59 0.45

Max Chl Dpth (ft) 8.37 Hydr. Depth (ft) 3.55 8.06 3.78

Conv. Total (cfs) 131794.3 Conv. (cfs) 105835.8 20703.2 5255.3

Length Wtd. (ft) 100.00 Wetted Per. (ft) 302.09 22.34 39.73

Min Ch El (ft) 989.94 Shear (lb/sq ft) 0.04 0.07 0.04

Alpha 1.14 Stream Power (lb/ft s) 609.02 0.00 0.00

Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 5.35 0.84 0.61

C & E Loss (ft) 0.00 Cum SA (acres) 0.84 0.05 0.09

Plan: Plan 36 Chartiers Run 2 RS: 000 Profile: 100yr Storm

E.G. Elev (ft) 998.32 Element Left OB Channel Right OB

Vel Head (ft) 0.01 Wt. n-Val. 0.035 0.045 0.100

W.S. Elev (ft) 998.31 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 1561.94 179.34 171.62

E.G. Slope (ft/ft) 0.000079 Area (sq ft) 1561.94 179.34 171.62

Q Total (cfs) 1666.75 Flow (cfs) 1397.43 211.98 57.33

Top Width (ft) 492.41 Top Width (ft) 428.26 22.09 42.07

Vel Total (ft/s) 0.87 Avg. Vel. (ft/s) 0.89 1.18 0.33

Max Chl Dpth (ft) 8.43 Hydr. Depth (ft) 3.65 8.12 4.08

Conv. Total (cfs) 187218.4 Conv. (cfs) 156967.2 23811.1 6440.1

Length Wtd. (ft) 100.00 Wetted Per. (ft) 428.88 22.24 42.76

Min Ch El (ft) 989.88 Shear (lb/sq ft) 0.02 0.04 0.02

Alpha 1.12 Stream Power (lb/ft s) 711.90 0.00 0.00

Frctn Loss (ft) 0.04 Cum Volume (acre-ft) 2.33 0.44 0.24

C & E Loss (ft) 0.07 Cum SA (acres)

Plan: Plan 36 Chartiers Run 1 RS: 690 Profile: 100yr Storm

E.G. Elev (ft) 998.22 Element Left OB Channel Right OB

Vel Head (ft) 0.67 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 997.55 Reach Len. (ft) 690.00 690.00 690.00

Crit W.S. (ft) Flow Area (sq ft) 464.74 207.54 37.09

E.G. Slope (ft/ft) 0.004457 Area (sq ft) 464.74 207.54 37.09

Q Total (cfs) 2950.00 Flow (cfs) 1164.02 1723.84 62.14

Top Width (ft) 156.49 Top Width (ft) 114.67 26.16 15.66

Vel Total (ft/s) 4.16 Avg. Vel. (ft/s) 2.50 8.31 1.68

Max Chl Dpth (ft) 8.58 Hydr. Depth (ft) 4.05 7.93 2.37

Conv. Total (cfs) 44189.1 Conv. (cfs) 17436.3 25822.0 930.8

Length Wtd. (ft) 690.00 Wetted Per. (ft) 115.83 28.37 16.89

Min Ch El (ft) 988.97 Shear (lb/sq ft) 1.12 2.04 0.61

Alpha 2.48 Stream Power (lb/ft s) 425.67 0.00 0.00

Frctn Loss (ft) 1.20 Cum Volume (acre-ft) 8.17 4.76 3.73

C & E Loss (ft) 0.15 Cum SA (acres) 1.93 0.55 0.76



Plan: Plan 36 Chartiers Run 1 RS: 000 Profile: 100yr Storm

E.G. Elev (ft) 996.87 Element Left OB Channel Right OB

Vel Head (ft) 0.17 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 996.70 Reach Len. (ft)

Crit W.S. (ft) 992.88 Flow Area (sq ft) 567.43 393.95 434.39

E.G. Slope (ft/ft) 0.000916 Area (sq ft) 567.43 393.95 434.39

Q Total (cfs) 2950.00 Flow (cfs) 682.34 1672.94 594.71

Top Width (ft) 252.74 Top Width (ft) 129.14 43.00 80.60

Vel Total (ft/s) 2.11 Avg. Vel. (ft/s) 1.20 4.25 1.37

Max Chl Dpth (ft) 11.00 Hydr. Depth (ft) 4.39 9.16 5.39

Conv. Total (cfs) 97482.9 Conv. (cfs) 22548.1 55282.5 19652.3

Length Wtd. (ft) Wetted Per. (ft) 129.75 44.97 81.77

Min Ch El (ft) 985.70 Shear (lb/sq ft) 0.25 0.50 0.30

Alpha 2.45 Stream Power (lb/ft s) 2222.00 0.00 0.00

Frctn Loss (ft) Cum Volume (acre-ft)

C & E Loss (ft) Cum SA (acres)

Plan: Plan 36 Westland Run 3 RS: 700 Profile: 100yr Storm

E.G. Elev (ft) 1000.70 Element Left OB Channel Right OB

Vel Head (ft) 0.17 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.53 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 386.70 176.84 133.83

E.G. Slope (ft/ft) 0.001310 Area (sq ft) 386.70 176.84 133.83

Q Total (cfs) 1283.25 Flow (cfs) 424.64 746.92 111.69

Top Width (ft) 224.94 Top Width (ft) 132.39 24.11 68.44

Vel Total (ft/s) 1.84 Avg. Vel. (ft/s) 1.10 4.22 0.83

Max Chl Dpth (ft) 8.01 Hydr. Depth (ft) 2.92 7.33 1.96

Conv. Total (cfs) 35453.0 Conv. (cfs) 11731.8 20635.5 3085.7

Length Wtd. (ft) 100.00 Wetted Per. (ft) 132.55 26.62 69.24

Min Ch El (ft) 992.52 Shear (lb/sq ft) 0.24 0.54 0.16

Alpha 3.20 Stream Power (lb/ft s) 453.67 0.00 0.00

Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 7.04 3.82 8.59

C & E Loss (ft) 0.02 Cum SA (acres) 1.98 0.36 2.06

Plan: Plan 36 Westland Run 3 RS: 600 Profile: 100yr Storm

E.G. Elev (ft) 1000.57 Element Left OB Channel Right OB

Vel Head (ft) 0.12 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.45 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 285.67 143.75 428.32

E.G. Slope (ft/ft) 0.000988 Area (sq ft) 285.67 143.75 428.32

Q Total (cfs) 1283.25 Flow (cfs) 282.92 567.00 433.33

Top Width (ft) 243.11 Top Width (ft) 91.65 18.09 133.37

Vel Total (ft/s) 1.50 Avg. Vel. (ft/s) 0.99 3.94 1.01

Max Chl Dpth (ft) 8.84 Hydr. Depth (ft) 3.12 7.95 3.21

Conv. Total (cfs) 40835.9 Conv. (cfs) 9003.3 18043.2 13789.4

Length Wtd. (ft) 100.00 Wetted Per. (ft) 92.48 19.40 134.31

Min Ch El (ft) 991.61 Shear (lb/sq ft) 0.19 0.46 0.20

Alpha 3.32 Stream Power (lb/ft s) 400.80 0.00 0.00

Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 6.27 3.45 7.94

C & E Loss (ft) 0.01 Cum SA (acres) 1.72 0.31 1.83



Plan: Plan 36 Westland Run 3 RS: 500 Profile: 100yr Storm

E.G. Elev (ft) 1000.46 Element Left OB Channel Right OB

Vel Head (ft) 0.19 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.27 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 393.35 175.88 90.11

E.G. Slope (ft/ft) 0.001148 Area (sq ft) 393.35 175.88 90.11

Q Total (cfs) 1283.25 Flow (cfs) 412.67 770.75 99.82

Top Width (ft) 178.02 Top Width (ft) 130.10 21.37 26.55

Vel Total (ft/s) 1.95 Avg. Vel. (ft/s) 1.05 4.38 1.11

Max Chl Dpth (ft) 8.67 Hydr. Depth (ft) 3.02 8.23 3.39

Conv. Total (cfs) 37878.0 Conv. (cfs) 12181.0 22750.5 2946.5

Length Wtd. (ft) 100.00 Wetted Per. (ft) 130.75 22.69 27.60

Min Ch El (ft) 991.60 Shear (lb/sq ft) 0.22 0.56 0.23

Alpha 3.16 Stream Power (lb/ft s) 382.90 0.00 0.00

Frctn Loss (ft) 0.09 Cum Volume (acre-ft) 5.49 3.08 7.35

C & E Loss (ft) 0.03 Cum SA (acres) 1.47 0.27 1.65

Plan: Plan 36 Westland Run 3 RS: 400 Profile: 100yr Storm

E.G. Elev (ft) 1000.34 Element Left OB Channel Right OB

Vel Head (ft) 0.10 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.24 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 571.85 180.75 89.49

E.G. Slope (ft/ft) 0.000716 Area (sq ft) 571.85 180.75 89.49

Q Total (cfs) 1283.25 Flow (cfs) 587.31 626.66 69.29

Top Width (ft) 189.61 Top Width (ft) 137.02 20.15 32.45

Vel Total (ft/s) 1.52 Avg. Vel. (ft/s) 1.03 3.47 0.77

Max Chl Dpth (ft) 9.77 Hydr. Depth (ft) 4.17 8.97 2.76

Conv. Total (cfs) 47972.3 Conv. (cfs) 21955.5 23426.7 2590.1

Length Wtd. (ft) 100.00 Wetted Per. (ft) 137.68 23.24 32.92

Min Ch El (ft) 990.47 Shear (lb/sq ft) 0.19 0.35 0.12

Alpha 2.75 Stream Power (lb/ft s) 327.35 0.00 0.00

Frctn Loss (ft) 0.08 Cum Volume (acre-ft) 4.38 2.67 7.14

C & E Loss (ft) 0.00 Cum SA (acres) 1.16 0.22 1.58

Plan: Plan 36 Westland Run 3 RS: 300 Profile: 100yr Storm

E.G. Elev (ft) 1000.26 Element Left OB Channel Right OB

Vel Head (ft) 0.11 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.14 Reach Len. (ft) 8.00 8.00 8.00

Crit W.S. (ft) 996.31 Flow Area (sq ft) 565.91 159.84 163.71

E.G. Slope (ft/ft) 0.000910 Area (sq ft) 565.91 159.84 163.71

Q Total (cfs) 1283.25 Flow (cfs) 576.30 607.76 99.19

Top Width (ft) 286.54 Top Width (ft) 164.60 18.13 103.80

Vel Total (ft/s) 1.44 Avg. Vel. (ft/s) 1.02 3.80 0.61

Max Chl Dpth (ft) 9.29 Hydr. Depth (ft) 3.44 8.82 1.58

Conv. Total (cfs) 42535.9 Conv. (cfs) 19102.7 20145.4 3287.8

Length Wtd. (ft) 8.00 Wetted Per. (ft) 165.28 21.44 104.19

Min Ch El (ft) 990.85 Shear (lb/sq ft) 0.19 0.42 0.09

Alpha 3.53 Stream Power (lb/ft s) 382.06 0.00 0.00

Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 3.07 2.28 6.85

C & E Loss (ft) 0.01 Cum SA (acres) 0.82 0.18 1.42



Plan: Plan 36 Westland Run 3 RS: 292 BR U Profile: 100yr Storm

E.G. Elev (ft) 1000.23 Element Left OB Channel Right OB

Vel Head (ft) 0.22 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 1000.01 Reach Len. (ft) 16.00 16.00 16.00

Crit W.S. (ft) 999.37 Flow Area (sq ft) 279.38 118.09 109.99

E.G. Slope (ft/ft) 0.009425 Area (sq ft) 279.38 118.09 109.99

Q Total (cfs) 1283.25 Flow (cfs) 521.63 610.28 151.34

Top Width (ft) 280.20 Top Width (ft) 164.32 18.13 97.74

Vel Total (ft/s) 2.53 Avg. Vel. (ft/s) 1.87 5.17 1.38

Max Chl Dpth (ft) 9.16 Hydr. Depth (ft) 1.70 6.51 1.13

Conv. Total (cfs) 13217.9 Conv. (cfs) 5373.0 6286.1 1558.9

Length Wtd. (ft) 16.00 Wetted Per. (ft) 194.60 57.70 118.16

Min Ch El (ft) 990.85 Shear (lb/sq ft) 0.84 1.20 0.55

Alpha 2.24 Stream Power (lb/ft s) 382.06 0.00 0.00

Frctn Loss (ft) 0.23 Cum Volume (acre-ft) 2.99 2.26 6.83

C & E Loss (ft) 0.04 Cum SA (acres) 0.79 0.17 1.40

Plan: Plan 36 Westland Run 3 RS: 292 BR D Profile: 100yr Storm

E.G. Elev (ft) 999.97 Element Left OB Channel Right OB

Vel Head (ft) 0.59 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 999.37 Reach Len. (ft) 1.00 1.00 1.00

Crit W.S. (ft) 999.37 Flow Area (sq ft) 175.43 106.58 56.89

E.G. Slope (ft/ft) 0.023470 Area (sq ft) 175.43 106.58 56.89

Q Total (cfs) 1283.25 Flow (cfs) 375.98 811.66 95.62

Top Width (ft) 250.56 Top Width (ft) 163.00 18.13 69.43

Vel Total (ft/s) 3.79 Avg. Vel. (ft/s) 2.14 7.62 1.68

Max Chl Dpth (ft) 8.52 Hydr. Depth (ft) 1.08 5.88 0.82

Conv. Total (cfs) 8376.3 Conv. (cfs) 2454.2 5298.0 624.1

Length Wtd. (ft) 1.00 Wetted Per. (ft) 193.14 57.70 89.84

Min Ch El (ft) 990.85 Shear (lb/sq ft) 1.33 2.71 0.93

Alpha 2.67 Stream Power (lb/ft s) 382.06 0.00 0.00

Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 2.91 2.22 6.80

C & E Loss (ft) 0.00 Cum SA (acres) 0.73 0.17 1.37

Plan: Plan 36 Westland Run 3 RS: 275 Profile: 100yr Storm

E.G. Elev (ft) 998.68 Element Left OB Channel Right OB

Vel Head (ft) 0.60 Wt. n-Val. 0.100 0.045 0.100

W.S. Elev (ft) 998.07 Reach Len. (ft) 75.00 75.00 75.00

Crit W.S. (ft) Flow Area (sq ft) 231.25 122.29 41.89

E.G. Slope (ft/ft) 0.004896 Area (sq ft) 231.25 122.29 41.89

Q Total (cfs) 1283.25 Flow (cfs) 319.62 902.13 61.51

Top Width (ft) 193.34 Top Width (ft) 150.60 18.13 24.62

Vel Total (ft/s) 3.25 Avg. Vel. (ft/s) 1.38 7.38 1.47

Max Chl Dpth (ft) 7.22 Hydr. Depth (ft) 1.54 6.75 1.70

Conv. Total (cfs) 18339.2 Conv. (cfs) 4567.7 12892.4 879.0

Length Wtd. (ft) 75.00 Wetted Per. (ft) 150.88 21.44 24.96

Min Ch El (ft) 990.85 Shear (lb/sq ft) 0.47 1.74 0.51

Alpha 3.69 Stream Power (lb/ft s) 382.06 0.00 0.00

Frctn Loss (ft) 0.12 Cum Volume (acre-ft) 2.91 2.21 6.79

C & E Loss (ft) 0.16 Cum SA (acres) 0.72 0.17 1.37



Plan: Plan 36 Westland Run 3 RS: 200 Profile: 100yr Storm

E.G. Elev (ft) 998.40 Element Left OB Channel Right OB

Vel Head (ft) 0.09 Wt. n-Val. 0.100 0.045 0.035

W.S. Elev (ft) 998.32 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 412.73 175.49 224.24

E.G. Slope (ft/ft) 0.000740 Area (sq ft) 412.73 175.49 224.24

Q Total (cfs) 1283.25 Flow (cfs) 311.04 549.78 422.43

Top Width (ft) 292.69 Top Width (ft) 161.96 23.22 107.51

Vel Total (ft/s) 1.58 Avg. Vel. (ft/s) 0.75 3.13 1.88

Max Chl Dpth (ft) 8.70 Hydr. Depth (ft) 2.55 7.56 2.09

Conv. Total (cfs) 47186.7 Conv. (cfs) 11437.3 20216.0 15533.4

Length Wtd. (ft) 100.00 Wetted Per. (ft) 162.06 26.93 107.60

Min Ch El (ft) 989.62 Shear (lb/sq ft) 0.12 0.30 0.10

Alpha 2.21 Stream Power (lb/ft s) 467.71 0.00 0.00

Frctn Loss (ft) 0.03 Cum Volume (acre-ft) 2.35 1.96 6.57

C & E Loss (ft) 0.02 Cum SA (acres) 0.45 0.13 1.26

Plan: Plan 36 Westland Run 3 RS: 100 Profile: 100yr Storm

E.G. Elev (ft) 998.36 Element Left OB Channel Right OB

Vel Head (ft) 0.02 Wt. n-Val. 0.100 0.045 0.035

W.S. Elev (ft) 998.34 Reach Len. (ft) 100.00 100.00 100.00

Crit W.S. (ft) Flow Area (sq ft) 179.70 233.48 902.03

E.G. Slope (ft/ft) 0.000133 Area (sq ft) 179.70 233.48 902.03

Q Total (cfs) 1283.25 Flow (cfs) 52.86 321.20 909.19

Top Width (ft) 414.15 Top Width (ft) 79.38 30.30 304.48

Vel Total (ft/s) 0.98 Avg. Vel. (ft/s) 0.29 1.38 1.01

Max Chl Dpth (ft) 9.18 Hydr. Depth (ft) 2.26 7.71 2.96

Conv. Total (cfs) 111447.2 Conv. (cfs) 4590.9 27895.1 78961.2

Length Wtd. (ft) 100.00 Wetted Per. (ft) 79.71 33.92 304.67

Min Ch El (ft) 989.16 Shear (lb/sq ft) 0.02 0.06 0.02

Alpha 1.26 Stream Power (lb/ft s) 543.23 0.00 0.00

Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 1.67 1.49 5.27

C & E Loss (ft) 0.00 Cum SA (acres) 0.18 0.07 0.79

Plan: Plan 36 Westland Run 3 RS: 000 Profile: 100yr Storm

E.G. Elev (ft) 998.35 Element Left OB Channel Right OB

Vel Head (ft) 0.01 Wt. n-Val. 0.100 0.045 0.035

W.S. Elev (ft) 998.34 Reach Len. (ft) 170.00 170.00 170.00

Crit W.S. (ft) Flow Area (sq ft) 180.20 263.22 1343.78

E.G. Slope (ft/ft) 0.000056 Area (sq ft) 180.20 263.22 1343.78

Q Total (cfs) 1283.25 Flow (cfs) 36.16 260.39 986.70

Top Width (ft) 483.70 Top Width (ft) 73.60 30.28 379.82

Vel Total (ft/s) 0.72 Avg. Vel. (ft/s) 0.20 0.99 0.73

Max Chl Dpth (ft) 9.47 Hydr. Depth (ft) 2.45 8.69 3.54

Conv. Total (cfs) 172227.5 Conv. (cfs) 4853.0 34947.8 132426.7

Length Wtd. (ft) 170.00 Wetted Per. (ft) 73.85 32.65 379.97

Min Ch El (ft) 988.87 Shear (lb/sq ft) 0.01 0.03 0.01

Alpha 1.19 Stream Power (lb/ft s) 645.48 0.00 0.00

Frctn Loss (ft) 0.07 Cum Volume (acre-ft) 1.26 0.92 2.69

C & E Loss (ft) 0.07 Cum SA (acres)





















































0 100 200 300 400 500 600 700
988

990

992

994

996

998

1000

1002

Houston Injection Plan: Plan 36 1/17/2017

Main Channel Distance (ft)

E
le

v
a
ti
o
n

(f
t)

Legend

Crit 100yr Storm

EG 100yr Storm

WS 100yr Storm

Ground

Westland Run 3



0 200 400 600 800 1000 1200 1400
988

990

992

994

996

998

1000

1002

Houston Injection Plan: Plan 36 1/17/2017

Main Channel Distance (ft)

E
le

v
a
ti
o
n

(f
t)

Legend

Crit 100yr Storm

EG 100yr Storm

WS 100yr Storm

Ground

Chartiers Run 2



0 100 200 300 400 500 600 700
984

986

988

990

992

994

996

998

1000

Houston Injection Plan: Plan 36 1/17/2017

Main Channel Distance (ft)

E
le

v
a
ti
o
n

(f
t)

Legend

EG 100yr Storm

WS 100yr Storm

Crit 100yr Storm

Ground

Chartiers Run 1


	Insert from: "B7 - 422144V000 - Effective FIS.pdf"
	INTRODUCTION
	AREA STUDIED
	ENGINEERIMG METHODS
	FLOOD PLAIN MANAGEMENT APPLICATIONS
	INSURANCE APPLICATION
	OTHER STUDIES
	LOCATION OF DATA
	BIBLIOGRAPHY AND REFERENCES

	Insert from: "Floodplain Figure - Proposed-Layout1.pdf"
	Sheets and Views
	Layout1


	Insert from: "Floodplain Figure - Proposed-Layout Rev1.pdf"
	Sheets and Views
	Layout1



