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1 Introduction

PPL is proposing a new facility, the Bell Bend Nuclear Power Plant (BBNPP), on a site near
Berwick, PA. The site is located in Salem Township, Luzerne County, northeast of Berwick
near the existing Susquehanna Steam Electric Station (SSES) nuclear power plant. The
water intake structure for the proposed facility will be located directly east of the proposed
site along the Susquehanna River, downstream of the intake structure of the existing plant.
The location is approximately 22 miles downstream of Wilkes-Barre, PA and 5 miles
upstream of Berwick, PA. A FEMA Flood Study exists for the section of the Susquehanna
River that will be impacted by the proposed intake structure. The FEMA study cross-sections
were used as a basis for the flood analysis.

The objectives of this study are to determine the hydraulic effect of the proposed intake
structure on the Susquehanna River and to determine the extent of the 100-year floodplain.
This report presents the existing (pre-construction) floodplain characteristics modeled in
HEC-RAS and how they compare to both the original FEMA floodplain characteristics taken
from the HEC-2 model and to the proposed (post-construction) floodplain characteristics
modeled in HEC-RAS.

2 Hydrology

Soils information and geology at the proposed BBNPP site and surrounding area were
determined from Penn State University's online soil map tool (www.soilmap.psu.edu). Soils
existing in the region of the proposed intake structure include Pope soils and Holly Silt Loams
(hydrologic soil groups “B” and “D”, respectively). A soils map is included in Appendix A.

The Hamilton Group geologic formation exists beneath the proposed intake structure site. It
is an east to west trending band of the lower and middle Devonian-age Hamilton Group and
is made up of two formations: the Mahantango Formation and the Marcellus Formation. The
Mahantango Formation is composed of gray, brown and olive shale and siltstone while the
Marcellus Formation is composed of black, carbonaceous shale. See the geologic map in
Appendix A.

The Susquehanna River is 444 miles long, with its headwaters in New York. The entire
Susquehanna River Basin covers 27,510 mi2; however, the drainage area to the location of
the proposed intake structure equals approximately 10,600 mi2. The 100-year peak flow
used in the FEMA Flood Insurance Study (FIS) for this drainage area is 260,000 cfs. The
maximum recorded flow rate was 345,000 cfs at the Wilkes-Barre gauging station (24 miles
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upstream) and 363,000 cfs at the Danville gauging station (28 mi downstream) during
Hurricane Agnes, which is similar to the 500 year flow rate (340,000 cfs) used in the FIS.

3 Hydraulics

3.1 General Description

The US Army Corps of Engineers HEC-RAS Version 4.1.0 software was used for the hydraulic
analysis. HEC-RAS is intended for calculating water-surface profiles for steady or unsteady
flow in natural or man-made channels. The computational procedure is based on the
solution of the one-dimensional energy equation with energy loss due to friction computed
using Manning's equation. The computational procedure is generally known as the Standard
Step Method and can be used for subcritical as well as supercritical flow conditions. For this
project, the water-surface profile for steady, subcritical flow was calculated.

The original FEMA FIS study was conducted in the vertical datum NGVD 29; therefore, the
Existing and Proposed HEC-RAS Conditions were both modeled in the NGVD 29 vertical
datum for comparison purposes. To illustrate the 100-year floodplain line in planform,
however, the water surface elevations from each study were converted to vertical datum
NAVD 88 to correspond to the most recent topographical information available. The
conversion factor from NGVD 29 to NAVD 88 is -0.7 ft.

3.2 FEMA Flood Insurance Study (FIS) HEC-2 Model (Duplicate Effective Model A)

The FEMA FIS HEC-2 input data text file was acquired from the Susquehanna River Basin
Commission (SRBC), which conducted the original study. The HEC-2 Input file was truncated
to only include the cross sections included in this study. These included Cross Sections CP to
CU from the FIS, which were labeled Cross Sections 6 through 12 in the HEC-2 Model. The
HEC-2 input file was then run in HEC-2, as required by FEMA to create a “Duplicate Effective
Model.” The intent of this model was to recreate the original study, with the original
software, on our equipment. Because Cross Section CP was the downstream limit of
Duplicate Effective Model A, downstream boundary conditions at Section CP were set to
match the modeled water surface elevations from the original FIS at this cross section for
each profile. The HEC-2 input data and output text files for Duplicate Effective Model A are
located in Appendix E.

3.3 FEMA (FIS) HEC-RAS Model (Duplicate Effective Model B)

The FEMA FIS HEC-2 input data was entered into HEC-RAS to develop a “control” model for
comparison with the more detailed existing and proposed models to be discussed later. The
model includes HEC-2 cross-sections extending from Station 1278+00 (FEMA FIS XS “CP”;
HEC-2 cross section 6) to Station 1396+00 (FEMA FIS XS “CU”; HEC-2 cross section 12). The
100-year peak flow used in the FEMA FIS was applied to the model and the 100-year water
surface elevation of 510.5 ft was used as the 100-year downstream boundary condition. A
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subcritical flow regime was selected, as used in the HEC-2 analysis. HEC-RAS data for
Duplicate Effective Model B is provided in Appendix F.

3.4 Corrected Effective Model

The Duplicate Effective Model B geometry was enhanced with more accurate topographic
data to create a Corrected Effective Model. The FEMA cross-sections were enhanced on the
west side of the Susquehanna River with existing topography from and aerial survey
supplemented with available GIS data. The river bottom of each cross-section (except
Station 1396+00, for lack of data) was also supplemented with bathymetry data from the
Ecology lll report entitled “Ecological Studies of the Susquehanna River in the vicinity of the
Susquehanna Steam Electric Station” (August, 1983). The 1983 bathymetry data by Ecology
Il (formerly Ichthyological Associates, Inc.) was used in this flood study over other bathymetry
reports for its accuracy, detail and long span of studied river in the area of the SSES and
proposed BBNPP facilities (see Appendix J). The corrected effective model included the same
cross sections as the duplicate effective model and utilized more accurate geometry data,
but did not include any man-made features.

3.5 Existing Conditions

The existing conditions model is the basis for comparison for the evaluation of potential
changes that could be caused by the proposed BBNPP intake structure. To accurately model
the river hydraulics for comparison, two cross sections were added to the corrected effective
model. One cross section was added at the location of the existing intake structure for SSES,
and one cross section was added at the location of the proposed BBNPP intake. These cross
sections were generated initially with the interpolation feature in HEC-RAS and then adjusted
based on bathymetry data and available one-foot topographical data. The existing intake
structure was modeled as a flow obstruction. The structure dimensions and invert for the
water intake were determined from PPL Drawing M-57-3, Rev. 4. Design drawings and
photographs of the existing intake structure are provided in Appendix K. Existing Manning's
‘n’ values were kept consistent with the FEMA FIS Manning's ‘n’ values.

The 100-year peak flow from the FEMA FIS of 260,000 cfs was used in the HEC-RAS existing
conditions model. The downstream boundary condition was the known 100-year water
surface elevation taken from the FEMA FIS (510.5 ft). A subcritical flow regime was assumed
in the HEC-RAS analysis, consistent with the original model. Based on the model output, the
subcritical flow assumption was verified. An encroachment analysis was also included in the
Existing Conditions Model to establish the Floodway based on the more accurate geometry
data used in this study. The Existing Conditions data is located in Appendix H).

3.6 Proposed Conditions

In the Proposed Conditions model, the existing conditions geometry was altered at Station
1331+38 to reflect the proposed intake structure conditions. The proposed structure was
represented by an obstructed area within the cross-sectional geometry. The grading near the
structure was also altered in the model; specifically the river bottom elevation was lowered to

Lind
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correctly represent the dredging to occur for the structure’s intake invert, and fill was added
to reflect the access drive and pad behind the structure. For details of the proposed intake
structure, see Appendix K. Floodplain Manning's ‘n’ values were decreased from existing
condition’s values to reflect the parking lot/impervious surfaces in proposed conditions.

The same flow information and boundary condition used in the existing conditions model
were used in proposed conditions (Q1o0 = 260,000 cfs, downstream WSEL100 = 510.5 ft). An
encroachment analysis was also included in the Proposed Conditions Model for comparison
with the Existing conditions Floodway. Proposed Conditions data can be found in Appendix .

4 Results and Conclusions

A summary of 100-year flood elevations and velocities for all of the above models is provided
in Appendix D. Duplicate Effective Model A successfully duplicates the flood elevations
reported in the current FIS. Duplicate Effective Model B reports higher water surface
elevations and lower velocities. It would appear that this is a result of slightly different
modeling routines in HEC-2 and HEC-RAS. The Corrected Effective Model is reasonably
consistent with the Duplicate Effective Model B, but the BFE does deviate by up to 0.50 ft
(higher) in some locations.

The Existing Conditions model results are essentially identical to the Corrected Effective
Model below the existing and proposed intake structures, where cross sections were added.
Above the existing structure there is a slight increase in the BFE (+/- 0.10 ft). This increase
is a result of the obstruction created by the existing intake structure.

The Proposed Conditions Model was compared to the Existing Conditions Model to determine
the effect of the proposed intake structure on the 100-year flood elevation. Below the
proposed intake structure, the BFE is identical to the Existing Conditions. At the proposed
intake structure, the model actually shows a 100-year WSE decrease of 0.01 ft, and a
velocity decrease of 0.12 ft/s. This is a result of the increased volume provided by the pool
to be excavated in front of the structure. The intake structure itself, although modeled as an
obstruction, is located primarily in a located that was modeled as ineffective flow area in the
Existing Conditions model. The decrease in water surface elevation transitions to -0.05 ft at
the existing intake structure (with a slight increase in velocity) and then stabilizes at -0.04 ft
for the remainder of the upstream reach.

Since the proposed water surface elevations are equal to or lower than the existing water
surface elevations, it can be concluded that the proposed intake structure for the BBNPP will
have no negative hydraulic effect on the Susquehanna River and its floodplain. The
elevation and extent of the 100-year floodplain will not be measurably increased at any
location as a result of this project.
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The Floodway in the Proposed Condition model is identical to that of the Existing Conditions
model with the exception of Station 133138, where the Floodway shifts inward slightly to
match the face of the proposed intake structure.

The existing and proposed 100-year and 500-year floodplain as well as the Floodway are
plotted on the Floodplain Map in Appendix B. The plan vertical datum is NAVD 88. Because
all models were prepared based on the NGVD 29 vertical datum, a conversion table is
provided in Appendix D.
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Flood Model Summary Table
(all elevations are NGVD 1929)

River Station/ Plan QTotal | MinChEIl | W.S.Elev | AWSE | Vel Chnl AV
Cross Section (cfs) (ft) (ft) (ft) (ft/s) (ft/s)
139600 FEMA (FIS) 260000 515.6 N/A
HEC-2 XS 12, CU |Duplicate Effective A (HEC-2) 260000 515.58 0.0 812 N/A
Duplicate Effective B (HEC-RAS) 260000 517.20 1.62 7.62 -0.50
Corrected Effective 260000 517.70 0.50 7.46 -0.16
Existing Conditions 260000 48150 517.79 0.09 7.43 -0.03
|Proposed Conditions 260000 481.50| 517.75| -0.04 7.46 0.03
137275 FEMA (FIS) 260000 514.6 N/A
HEC-2 XS 11, CT |Duplicate Effective A (HEC-2) 260000 514.58 0.0 8.94| N/A
Duplicate Effective B (HEC-RAS) 260000 516.13 1.55] 811 -0.83
Corrected Effective 260000 516.40 0.27 8.18 0.07
Existing Conditions 260000 476.20| 516.49 0.09 8.14 -0.04
Proposed Conditions 260000 476.20| 516.45 -0.04 8.16 0.02
134600 FEMA (FIS) 260000 513.7 N/A
HEC-2 XS 10, CS |Duplicate Effective A (HEC-2) 260000 513.73 0.0 828 N/A
Duplicate Effective B (HEC-RAS) 260000 514.87 1.14 7.98 -0.30
Corrected Effective 260000 514.87 0.00 8.29 0.31
Existing Conditions 260000 480.20| 514.98 0.41 8.25 -0.04
Proposed Conditions 260000 480.20| 514.94 -0.04 8.26 0.01
133431 Existing Conditions 260000 47250, 514.21 8.90
(Existing Intake) |Proposed Conditions 260000 47250, 514.16 -0.05 8.91) 0.01|
133138 Existing Conditions 260000 47440 514.16 8.24
(Proposed Intake) |Proposed Conditions 260000 47440, 514.15 -0.01 8.12 -0.12|
132450 FEMA (FIS) 260000 5129 N/A
HEC-2 XS 9,CR |Duplicate Effective A (HEC-2) 260000 . 512.85 0.0 871 N/A
Duplicate Effective B (HEC-RAS) 260000 513.77 0.92 8.27 -0.44
Corrected Effective 260000 513.90 0.13 7.93 -0.34
Existing Conditions 260000 470.20| 513.90 0.00 7.93 0.00
Proposed Conditions 260000 470.20| 513.90 0.00 7.93 0.00
130400 FEMA (FIS) 260000 512.3 N/A
HEC-2 XS 8,CQ |Duplicate Effective A (HEC-2) 260000 512.25 0.0 7.92| N/A
Duplicate Effective B (HEC-RAS) 260000 512.85 0.60 7.64 -0.28
Corrected Effective 260000 512.97 0.12 7.84 0.20
Existing Conditions 260000 482.20| 512.97 0.00 7.84 0.00
|Proposed Conditions 260000 482.20| 51297 0.00 7.84 0.00
128690 FEMA (FIS) 260000 510.7|* N/A
HEC-2XS 7 Duplicate Effective A (HEC-2) 260000 510.72 0.0 10.46| N/A
Duplicate Effective B (HEC-RAS) 260000 511.00 0.28 10.26 -0.20
Corrected Effective 260000 511.14 0.14 1047 -0.09
Existing Conditions 260000 476.20 511.14 0.00 10.17 0.00
Proposed Conditions 260000 476.20| 511.14 0.00 10.17 0.00
127800 [FEMA (FiS) 260000 510.5 N/A
HEC-2 XS 6, CP  |Duplicate Effective A (HEC-2) 260000 510.50 0.00 9.33| N/A
Duplicate Effective B (HEC-RAS) 260000 510.50 0.00 9.28 -0.05
Corrected Effective 260000 510.50 0.00 9.69 0.41
Existing Conditions 260000 476.20/ 510.50 0.00 9.69 0.00
|Proposed Conditions 260000 476.20| 510.50 0.00 9.69 0.00

* XS-7 elevation estimated here, not included in FIS
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Vertical Datum Conversion Table

(100-yr WSE)
River Station/ Plan NGVD 29 NAVD 88
Cross Section W.S. Elev (ft) W.S. Elev (ft)
139600 Existing Conditions 517.79 517.09
HEC-2 XS 12, CU |Proposed Conditions 517.75 517.05
137275 Existing Conditions 516.49 515.79
HEC-2 XS 11, CT |Proposed Conditions 516.45 515.75
134600 Existing Conditions 514.98 514.28
HEC-2 XS 10, CS |Proposed Conditions 514.94 514.24
133431 Existing Conditions 514.21 513.51
(Existing Intake) |Proposed Conditions 514.16 513.46
133138 Existing Conditions 514.16 513.46
(Proposed Intake) |Proposed Conditions 514.15 513.45
132450 Existing Conditions 513.90 513.20
HEC-2 XS 9, CR Proposed Conditions 513.90 513.20
130400 Existing Conditions 512.97 512.27
HEC-2 XS 8, CQ Proposed Conditions 512.97 512.27
128690 Existing Conditions 511.14 510.44
HEC-2 XS 7 Proposed Conditions 511.14 510.44
127800 Existing Conditions 510.50 509.80
HEC-2 XS 6, CP Proposed Conditions 510.50 509.80




Appendix E:
Duplicate Effective Model A

¢ HEC-2 Input Data
s HEC-2 Output Data



SUSQUEHANNA RIVER - INPUT

T1 SRBC SHICKSHINNY PA SITE UPDATE EAA PROJECT NO -16213.02
T2 SECTIONS 1 THRU 12 AUGUST 11, 2011
T3 SUSQUEHANNA RIVER 100-YEAR
]l 4 510.5
32 +1.0 0 -1.0 -.80
33 38 43 1 8 26 3 51 52 4
33 0 201
NC 0.1 .060 .040 0.10 0.30
QT 4 167000 232000 260000 340000 ,
ET 6 9.1 1074
X1 6 56 1074 1957 1015 960 945
GR 562.0 0000 559.0 0104 554.9 0200 553.7 0304 549.9
GR 546.8 0505 544.6 0605 543.0 0703 541.2 0753 541.2
GR 539.2 0838 517.5 0877 518.0 0892 518.0 0897 516.1
GR 507.4 0929 504.9 0985 501.0 1020 499.9 1074  487.0
GR 479.7 1115 -479.7 1920 487.0 1929 501.4 1957 503.2
GR™505.1 2080 505.1 2105 505.1 2116 504.4 2167 504.8
GR 506.2 2242 504.9 2272  495.2 2297  492.3 2339  495.2
GR 503.6 2439 506.0 2510 505.0 2582 504.2 2601  510.5
GR 510.5 2642 504.7 2654 504.7 2687 510.9 2710 512.1
GR 520.0 2787 520.7 2803 520.7 2808 520.1 2819 530.1
GR 542.4 2894 554.8 2958 560.7 3032 566.9 3131 570.2
GR 575.0 3274
NC .070 4
ET 7 9.1 852
X1 7 83 852 1713 970 900 890
GR 575.0 0000 571.1 0060 568.2 0110 554.9 0196 555.6
GR 553.2 0234 550.7 0272 550.7 0284 549.1 0355 547.2
GR 543.6 0499 542.1 0563 542.1 0577 540.2 0629 538.8
GR 536.1 0750 536.1 0769 536.2 0793 517.0 0823 517.0
GR 516.1 0852 487.1 0923  480.7 0940 480.7 1659 487.1
GR 501.4 1713 506.0 1787 505.8 1841  505.8 1857 505.1
GR 505.1 1935 506.3 1994 508.1 2062 508.1 2090 507.2
GR 506.6 2253 505.9 2348 503.0 2414  500.8 2422 500.8
GR 503.8 2487 504.8 2547  504.8 2568 501.2 2594  499.9
GR 501.1 2709 507.0 2732 506.3 2790 510.7 2839 510.7
GR 509.9 2879 504.8 2892 504.8 2926 511.1 2943 517.2
GR 517.2 2993 519.9 3002 520.5 3014 520.5 3023 520.0
GR 527.2 3063 535.0 3141 542.1 3232 '547.3 3303 550.8
GR 553.2 3481 557.1 3558 559.8 3603 565.8 3703 566.7
GR 566.0 3825 566.3 3852 567.3 3882 567.0 3940 566.3
GR 565.8 4047 565.5 4076 564.3 4115 563.8 4124 565.2
GR 558.1 4273 550.4 4382 575.0 4477
NC .080 .080
ET 8 9.1 1418
X1 8 90 1418 2483 2400 1120 1705
GR 575.0 0000  555.6 0101  541.2 0198 532.5 0289 525.5
GR 527.0 0385 527.0 0419 524.6 0441 518.0 0534 514.3
GR 509.8 0697 506.1 0775 504.0 0807 508.3 0849 510.8
GR 516.4 1007 513.5 1019 516.4 1037 516.4 1046 516.4
GR 502.3 1090 499.3 1172 491.1 1209 502.3 1288 506.2
GR 499.9 1418 488.0 1443  487.3 1514  487.2 1557 482.0
GR 482.0 2430 487.2 2443 500.9 2483 ° 504.9 2552 506.2
GR 508.5 2693  508.5 2706  508.0 2753 508.4 2817 508.1
GR 508.1 2985 ™ 507.9 3059 507.2 3132 505.1 3160  506.7
GR 507.0 3304 504.7 3367 504.7 3434  505.2 3464 509.5
GR 504.9 3500 504.9 3542 511.1 3559 505.1 3570 504.9
GR 504.9 3629 505.1 3692 506.6 3775 507.0 3832 519.0
GR 519.5 3905 519.5 3908 519.5 3911 519.0 3922 516.0
GR 520.1 3993 520.9 4056  525.0 4128  525.7 4189 526.3
GR 528.2 4302 530.0 4353 530.0 4392 531.9 4457 535.1
GR 542.6 4559 543.5 4573 543.5 4612 543.2 4620 541.1
GR 545.8 4730 560.0 4771  563.2 4827 564.0 4855 564.0
Page 1

39

1957

0402
0773
0906
1098
2008
2188
2391
2629
2760
2843
3221

1713

0217
0435
0724
0831
1670
1913
2160
2461
2676
2866
2973
3033
3402
3784
4007
4166

2483

0371
0614
0940
1055
1355
1600
2642
2897
3225
3486
3580
3890
3943
4233
4532
4687
4871



564.

575.
522.
509.
530.
516.
501.
503.
502.
481.
506.
511.
512.
520.
520.
527.
541.
556.
575.

ONOUVARROUIENOOWOANOWON

o
HE &
co0d

575.
540.
510.
513.
511.
515.
506.
504.
487.
517.
516.
504.
504.
512.
517.
525.
530.
575.

|l
VIONUVTUVTWANOOANNUVORRPOWOURAUVIVTIOOOWONONRERAWUNO

575.
504.
510.
510.
480.
507.
509.
508.
509.
508,
514.
517.
540,

w
N
R
NTNYS)

575.0
522.7

4914

86
0000
0263
0595
0892
1053
1210
1548
1856
2798
3089
3395
3541
3964
3996
4223
4547
4740
4933
.060

86
0000
0266

. 0592

0969
1264
1370
1679
2073
2348
3247
3602
3990
4064
4529
4580
4698
4881
5162

62
0000
0293
0416
0777
1555
1797
2239
2727
3124
3282
3597
3700
3924
.080

51
0000
0089

-

(0]

o
RPORPROMAWOWWOWORNOOWUVIREW

w

o

[¢5]
AONVNIOVWYWOONOO WU

10

106
521.0
521.0

SUSQUEHANNA RIVER - INPUT

4962

2869
0056
0331
0625
0979
1057
1244
1602
1921
2816
3175
3402
3637
3975
4026
4305
4584
4831

3228
0049
0335
0605
1056
1282
1395
1720

2140

2489
3255
3701
4013
4089
4541
4594
4700
4943

1622

0076
0341
0495
0802
1579
1882
2339
2824
3141
3298
3600
3731
4010
.040

1118
0042
0106

562.1

2030
553.
514.
518.
531.
515.
503,
505.
503.
507.
506.
504.
511.
520.
524.
534.
541.
570.

OCONONUVNOWONANNRANNOCOOW

499.
504.

512.
520.

640

v

=

o
WONOLONUVNNAUVNIVIO

2375
522.1
481.5

Page

5028

9.1
1650
0072
0404
0686
1003
1074
1324
1661
1950
2869
3264
3421
3716
3981
4107
4377
4596
4862

9.1
2160
0102
0421
0679
1157
1339
1406
1826
2200
3141
3323
3806
4034
4110
4555
4602
4737
4985

7.1
2485
0160
0352
0580
0812
1622
1951
2460
2902
3169
3314
3614
3801

.055

7.1
2065
0060
0176

563.4

2050
544.
509.
520.
516.
503.
504.
505.

w
o
~
VEPFOONWONOUVINOR AW

5074

0107
0451
0743
1045
1103
1410
1712
1978
2956
3321
3451
3819
3983
4175
4473
4602
4908

0168
0493
0770
1228
1356
1489
1946
2278
3174
3401
3870
4041
4115
4567
4618
4761
5023

1625

0208
0366
0663
0848
1683
2036
2537
2989
3182
3552
3651
3867

.040
1118

0072
0180

575.0
1758

531.

516.
501.

w1
H
(o)}
NOMOUVNREARPONOOUNAIWWOOOD

504.
515.
513.
480.
509.
506.
510.
507.
509.
513.
517.
540.

1118

QOWUIOVWWUINAOWWOW

522.7
481.5

[¥,]
(=]
Y]

VIO R UVNNUVIOROOROOLOOLON

5110
2869

0190
0526
0821
1052
1146
1513
1794
1988
3016
3387
3472
3918
3987
4213
4535
4648
4923

3228

0251
0554
0868
1248
1362
1576
2005
2301
3228
3492
3951
4049
4123
4572
4660
4819
5096

0278
0387
0739
0864
1725
2127
2635
3058
3210
3589
3656
3911

.060

0083
0640



506.
509.
510.
508.
514.
518.
524.
533.
600.

QWO NNOWON

0678
1274
1697
2029
2239
2575
2844
2947
3289

481.
509.
509.
512.
515.
518.
532.
536.

NOORAONLOW

SUSQUEHANNA RIVER - INPUT
511.
507.
511.
507.
517.
518.
532.
552.

0754
1357
1758
2081
2331
2584
2876
3011

481.

508.
511.
514.
517.
517.
532.
539.

1040
1464
1824
2127
2417
2604
2889
3058

OOOONWNM

Page 3

NONOOWON

1118
1545

-1914

2166
2519
2676
2926
3123

510.
510.
510.
507.
516.
521.
530.
559.

RNRNONR OV

1190
1627
1999
2212
2566
2771
2945
3196



SUSQUEHANNA RIVER -~ OUTPUT

1********************************************

* HEC-2 WATER SURFACE PROFILES
4.6.2; Mmay 1991
11AuGll

3

version

o

RUN DATE TIME 15:49:00

FThhhddeddhhfhh v hdhhffdhhhhhhfh ki d

%
*
*
*
*
%

X X XXXXXXX XXXXX
X X X X X
X X X X
XXXXXXX  XXXX X XXXXX
X X X X
X X X X X
X X XXXXXXX XXXXX
11AuUGl1 15:49:00
Fedededee vkt Nhhh vt hddehhhhhhddk
HEC-2 WATER SURFACE PROFILES

version 4.6.2; May 1991

Vededeve e deveve e e e e Ve M fe NS N NN fe RS hd AN TeNy

T1 SRBC SHICKSHINNY PA SITE UPDATE EAA PROJECT NO 16213.02

T2 SECTIONS 1 THRU 12 AUGUST 11, 2011

T3 SUSQUEHANNA RIVER 100-YEAR

J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q

4
J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW
+1.0 0 -1.0 -.80
J3 VARIABLE CODES FOR SUMMARY PRINTOUT
38 43 1 8 26 3 51
0 201
NC 0.1 .060 .040 0.10 0.30
QT 4 167000 232000 260000 340000

Page 1

Khhhhdhdfehddehhdhdehhhdhh bbb hddiid

* U.S. ARMY CORPS OF ENGINEERS *
*  HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET, SUITE D *
* DAVIS, CALIFORNIA 95616-4687 *
* (916) 756-1104 *

Kdedededehhhhhhhdhddd A h bbb hhh ki

XXXXX
X X
X
XXXXX
X
X
XXXXXXX
PAGE 1
THIS RUN EXECUTED 1lAuGll 15:49:00
WSEL FQ
510.5
CHNIM ITRACE
52 4 39



562.
546.
539.
507.
479.
505.
506.
503.
510.
520.
542,
575.

OCPRrOUVIONRERENBNOOOO

575.
553.
543.
536.
516.
501.
505.

11AuGll

HRARERONONN

506.
503.
501.
509.
517.
527.
553.
566.
565.
558.

.08

575.

509.
516.
502.
499.
482.
508.
508.
507.
504.
504.

LOORVIOVLWRVOOWOO FHOOONNNOROON

56
0000
0505
0838
0929
1115
2080
2242
2439
2642
2787
2894
3274

.070

83
0000
0234
0499
0750
0852
1713
1935

15:49:00

2253
2487
2709
2879
2993
3063
3481
3825
4047
4273

.080

90
0000
0385
0697
1007
1090
1418
2430
2693
2985
3304
3500
3629

1074

559,
544 .
517.
504.
479.
505.
504
506.
504,
520.
554 .

571.
550.
542.
536.
487.
506.
506.

AUNWHEOWLWLWOMWY

RPONOUVINOWUVIHEOO

ONNOOVORNOUVIOO

WORRRENR

1957
0104
0605
0877
0985
1920
2105
2272
2510
2654
2803
2958

1713
0060
0272
0563
0769
0923
1787
1994

2348
2547
2732
2892
3002
3141
3558
3852

4076°

4382

2483
0101
0419
0775
1019
1172
1443
2443
2706
3059
3367
3542
3692

SUSQUEHANNA RIVER - OUTPUT

1015

554.
543.
518.
501.
487.
505.
495,
505.
504.
520.
560.

568.
550.
542.
536.
480.
505.
508.

503.

QWWOORWVNWOO

ORERNNOOVWHRMAOON

NNNONRFROOOOW

FOONN = NN

960
0200
0703
0892
1020
1929
2116
2297
2582
2687
2808
3032

9.1

900
0110
0284
0577
0793
0940
1841
2062

2414
2568
2790
2926
3014
3232
3603
3882
4115
4477

9.1
1120
0198
0441
0807
1037
1209
1514

- 2483
2753
3132
3434
3559
3775

Page 2

553,
541.
518.
. 499.
501.
504.
492.
504.
510.
520.
566.

554,
549.
540.
517.
480.
505.
508.

500.
501.
510.
511.
520.
547.
565.
567.
563.

505.
507.

ORNREAONWAWOWV

ORRONWARMOONN

HMONONRW

OO0 W U= NN 0o

0304
0753
0897
1074
1957
2167
2339
2601
2710
2819

3131

0196
0355
0629
0823
1659
1857
2090

2422
2594
2839
2943
3023
3303
3703
3940
4124

0289
0534
0849
1046
1288
1557
2552
2817
3160
3464
3570
3832

1074

549.
541.
516.
487.
503.
504.
495.
510.
512.
530.
570.

NREROUNCNOHNWD

852

555.
547.
538.
517.
487.
505.
507.

NFROWNG

500.
499,
510.
517.
520.
550.
566.
566.
565.

NWNOOONNO

1418

525.5
514.
510.
516.
506.
482.
506.
508.
506.
509.
504.
519.

CONNERENONRMOOW

1957

0402
0773
0906
1098
2008
2188
2391
2629
2760
2843
3221

1713

0217
0435
0724
0831
1670
1913
2160

PAGE 2

2461
2676
2866
2973
3033
3402
3784
4007
4166

2483

0371
0614
0940
1055
1355
1600
2642
2897
3225
3486
L3580
3890



519.
520.
528.
542.
545.
564.

575.
522.
509.
530.
516.
501.
503.
502.
481.
506.
511.
512.
520.
520.
527.
541.
556.
575.

11AuUGl

.0

575.
540.
510.
513.
511.
515.
506.
504.
487.
517.
516.
504.
504.
512.
517.
525.
530.
575.

1

60 .

g
CORNNVOOWVONBRNRBAWNOOOO

=
=

3905
3993
4302
4559
4730
4914

86
0000
0263
0595
0892
1053
1210
1548
1856
2798
3089
3395
3541
3964
3996
4223
4547
4740
4933

15:49:00

.060

86
0000
0266
0592
0969
1264
1370
1679
2073
2348
3247
3602
3990
4064
4529
4580
4698
4881
5162

519.
520.
530.
543.
560.
564.

NOVOwwWm

1921
553.
518.
514.
531.
516.
503.
504.
505.
487.
505.
511.
512.
520.
521.
530.
541.
565.

QWO AONCONUNTULINUVNILWOOWNL

N
N
~
(o]

571.
531.
510.
513.
512.
514.
506.
501.
480.
517.
512.
504.
504.
516.
513.
525.
544.

RPORPROAWOWOWOVOWORNOOWUVIFW

3908
4056
4353
4573
4771
4962

2869
0056
0331
0625
0979
1057
1244
1602
1921
2816
3175
3402
3637
3975
4026
4305
4584
4831

3228
0049
0335
0605
1056
1282
1395
1720
2140
2489
3255
3701
4013
4089
4541
4594
4700
4943

SUSQUEHANNA RIVER - OUTPUT

519.
525.
530.
543.
563.
562.

HNUNOOW

520.
524.

541.
570.

w1

o

~
OQONONUVNIOWOOANNRAMNNOLOW

480.
517.

513.
515.
515.
525.
547.

VIR ONRRNOWORWRAROWR

4128
4392
4612
4827
5028

9.1
1650
0072
0404
0686
1003
1074
1324
1661
1950
2869
3264
3421
3716
3981
4107
4377
4596
4862

9.1
2160
0102
0421
0679
1157
1339
1406
1826
2200
3141
3323
3806
4034
4110
4555
4602
4737
4985

7.1
Page 3

519.0
525.7
531.9
543.2
564.0
563.4

2050
544.
509.
520.
516.
503.
504.
505.
487.
507.
506.
504.
513.
520.
526.
537.
544.
573.

VEFOONWONOAUVNINOKHAOONY

212
562.
516.
513.
512.
515.
509.
508.
500.
487.
517.
507.
512.
513.
517.
513.
525.
550.

777

HRNUVORWUNNRRERRBROWW

3922
4189
4457
4620
4855
5074

0107
0451
0743
1045
1103
1410
1712
1978
2956
3321
3451
3819
3983
4175
4473
4602
4908

0168
0493
0770
1228
1356
1489
1946

2278

3174
3401
3870
4041
4115
4567
4618
4761
5023

1625

516.0
526.3
535.1
541.1
564.0
575.0

1758

531.
509.
529.
516.
501.
504.
504.
481.
509.
505.
510.
517.
520.
527.
540.
546.
573,

2139

540.
510.
512.
511.
515.
508.
505.
493,
517.
516.
505.
512.
512.
518.
522.
522.
563.

NOOAOUVMIRALRLAONOOUVNAEAOO

VIO UVNINUVIOROROOOWOWLOOH®

3943
4233
4532
4687
4871
5110

2869

0190
0526
0821
1052
1146
1513
1794
1988
3016
3387
3472
3918
3987
4213
4535
4648
4923

PAGE 3

3228

0251
0554
0868
1248
1362
1576
2005
2301
3228
3492
3951
4049
4123
4572
4660
4819
5096



SUSQUEHANNA RIVER - OUTPUT

X1 11 62 777 1622 2785 2485 2690
GR 575.0 0000 556.1 0076 ~ 523.0 0160 512.0 0208 504.5 0278
GR 504.5 0293 515.5 0341 515.5 0352 515.9 0366 515.9 0387
GR 510.2 0416 510.9 0495 510.5 0580 512.1 0663 513.3 0739
GR 510.2 0777 503.0 0802 502.4 0812 488.0 0848 480.6 0864
GR 480.6 1555 488.0 1579 499.7 1622 501.2 1683 509.2 1725
GR 507.8 1797 509.8 1882 504.5 1951 504.8 2036 506.5 2127
GR 509.2 2239 513.7 2339 510.2 2460 510.7 2537 510.3 2635
GR 508.4 2727 508.8 2824 508.9 2902 511.0 2989 507.9 3058
GR 509.3 3124 504.9 3141 504.9 3169 509.5 3182 509.0 3210
GR 508.5 3282 513.9 3298 509.7 3314 509.7 3552 513.5 3589
GR 514.5 3597 513.5 3600 512.0 3614 518.0 3651 517.9 3656
GR 517.2 3700 518.7 3731 520.8 3801 525.1 3867 540.0 3911
GR 540.0 3924 575.0 4010
NH 5 .080 106 .040 640 .055 754 .040 1118 .060
NH 3289
ET 12 7.1 106 1118
X1 12 51 106 1118 2375 2065 2340
GR 575.0 0000 521.0 0042 522.1 0060 522.1 0072 522.7 0083
GR 522.7 0089 521.0 0106 481.5 0176 481.5 0180 ' 481.5 0640
GR 506.2 0678 481.5 0754 “481.5 © 1040 511.2 1118 510.5 1190
GR 509.9 1274 509.9 1357 508.2 1464 507.0 1545 510.1 1627
GR 510.8 1697 509.2 1758 511.3 1824 511.3 1914 510.2 1999
GR 508.7 2029 512.0. 2081 514.2 2127 507.0 2166 507.0 2212
GR 514.2 2239 515.4 2331 517.0 2417 517.0 2519 516.7 2566
GR 518.6 2575 518.6 2584 517.0 2604 518.2 2676 521.1 2771
GR 524.8 2844 532.0 2876 532.0 2889 532.0 2926 530.2 2945
GR 533.3 2947 536.2 3011 539.0 3058 552.7 3123 559.1 3196
GR 600.0 3289
1
11AuG11 15:49:00 PAGE
SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV
Q QLOB QCH QROB ALOB ACH AROB voL TWA R-BANK ELEV
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST
*PROF 1
0
CCHvV= .100 CEHvV= .300
*SECNO 6.000
3265 DIVIDED FLOW
6.000 30.80 510.50 .00 510.50 511.78 1.28 .00 .00 499,90
260000.0 1315.2 246044.9 12639.9 1063.3 26365.5 5527.6 .0 .0 501.40
.00 1.24 9.33 2.29 .100 .032 .060 .000 479.70 920.80
.000443 1015. 945. 960. 0 0 0 .00 1774.71 2708.52

*SECNO 7.000
Page 4



7.000 30.02 510.72 .00
260000.0 - .0 248098.0 11902.1
.02 .00 10.46 1.79
.000606 970. 890. 900,

*SECNO 8.000
3265 DIVIDED FLOW

3301 HV CHANGED MORE THAN HVINS

8.000 30.25 512.25 .00
260000.0 8340.1 242799.4 8860.5
.09 1.61 7.92 1.13

.000332 2400. 1705. 1120.

*SECNO 9.000

3265 DIVIDED FLOW

9.000 31.75 512.85 .00
260000.0 12228.3 243327.8 4443.8
.16 1.53 8.71 1.15
.000392 2030. 2050. 1650.
11AuG11 15:49:00
SECNO DEPTH CWSEL CRIWS
Q QLOB QCH QROB
TIME VLOB VCH VROB
SLOPE XLOBL XLCH XLOBR

*SECNO 10.000
3265 DIVIDED FLOW

10.000 33.73 513.73 .00
260000.0 13637.0 242280.3 4082.7
.23 1.72 8.28 1.42
.000330 2075. 2125. 2160.

*SECNO 11.000
3265 DIVIDED FLOW

11.000 33.98 514.58 .00
260000.0 2693.7 237639.0 19667.3

SUSQUEHANNA RIVER - OUTPUT

Page 5

.00 512.34 1.62 .46
.0 23728.1 6651.5 649.4
.000 .032 .070 .000
2 0 0. .00
.00 513.16 91 .74
5170.3  30659.7 7873.7 2043.0
.080 .032 .080 .000
2 0 0 .00
.00 513.95 1.10 .73
7993.4  27937.1 3852.3 3950.6
.080 .032 .080 .000
2 0 0 .00
WSELK EG HV HL
ALOB ACH AROB VOL
XNL XNCH XNR WTN
ITRIAL =~ 1IDC ICONT CORAR
.00 514.72 .99 .76
7921.0  29277.7 2879.7 5892.1
.060 .032 .060 .000
2 0 0 .00
.00 515.71 1.14 .95
2047.7  26594.8 11593.4 8348.8

.10
39.7
480.70
2076.81

.07
128.7
482.00
3097.49

.06
259.2
481.10
2910.39

OLOSS

ELMIN
TOPWID

.01
415.0
480.00
3513.31

.04
623.4

516.10
501.40
865.17
2941.98

499.90
500.90
651.87
3857.36

505.50
507.60
416.33
3793.00

L-BANK
R~-BANK
SSTA
ENDST

500.70
517.00
519.63

"4620.37-

510.20
499.70

ELEV
ELEV

PAGE

‘5



.32 1.32 8.94
.000377 2785. 2690.
1490 NH CARD USED
*SECNO 12.000
12.000 34.08 515.58
260000.0 .0 248251.9
.40 .00 8.12
.000337 2375. 2340.
11AUG11 15:49:00

1.70
2485,

.00
11748.1
1.84
2065.

Fehkhdddedeh kR hhNhhh kRN dhhfh i ik

HEC-2 WATER SURFACE PROFILES

version

4.6.2; May 1991

Vedekhdekdedefhhhhfdhhdh v hdhd S ddedehh Nk

.06

.0

0
2

0

.0

.00

0
2

SUSQUEHANNA RIVER - OUTPUT

032 060

0 0
516.56 .98
30562.0 6393.1
.032 .048

0 0

.000
.00

.83
10366.2
.000
.00

480.60
3376.35

.02
763.9
481.50
2224.83

THIS RUN EXECUTED 11AUG1l1l

196.76
3629.88

521.00
511.20
115.61
2340.44

NOTE- ASTERISK (*) - AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

SUSQUEHANNA RIVER 1

SUMMARY PRINTOUT
SECNO Q CWSEL
6.000 260000.00  510.50
7.000 260000.00  510.72
8.000 260000.00  512.25
9.000 260000.00  512.85
10.000 260000.00  513.73
11.000 260000.00  514.58
12.000 260000.00  515.58

11AUGl1l 15:49:00

DEPTH

30.
30.
30.
31.
33.
33.
34.

80
02
25
75
73
98
08

vC

10.

© 0 o 00 ~N

H

.33
46
.92
.71
.28
.94
.12

EG

511.

512
513

513.
514.

515

516.

78
.34
.16
95
72
.71
56

Page 6

DIFWSX
.00
.22
1.52
.60
.88
.85
1.06

DIFKWS
.00
.00
.00
.00
.00
.00
.00

TOPWI
1774.
2076.
3097.
2910.
3513.
3376.
2224.

D

71
81
49
39
31
35
83

XLCH

.00

890.
1705
2050.
2125.
2690.
2340.

00

.00

00
00
00
00

PAGE

15:49:00
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SUMMARY OF ERRORS AND SPECIAL NOTES

11AuG11

15:49:00

SUSQUEHANNA RIVER - OUTPUT

FLOOD INSURANCE ZONE DATA FOR SUSQUEHANNA RIVER

FLOOD HAZARD FACTOR FOR ENTIRE REACH USING SECTIONS

SECTION CUMULATIVE

NUMBER DISTANCE
6.000 0.
7.000 890.
8.000 2595.
9.000 4645.
10.000 6770.
11.000 9460.
12.000 11800.

510.
510.
512.
512.
513.
514.
515.

ELEVATION DIFFERENCE
BETWEEN BASE FLOOD AND
2

50
72
25
85
73
58
58

.00
.00

0.2

.00
.00

WEIGHTED AVG FOR REACH 513.

FHF FOR THE REACH = 005 WITH 18.0 PERCENT OF THE REACH WITHIN

ZONE FOR THE REACH = A 1

CONTINUOUS FLOOD HAZARD FACTORS BY EVEN INCREMENTS

INC TOTAL
NO. LENGTH

0.
890.
890.

1780.
2595.
2670.
3560.
4450.
4645.
5340.
6230.
6770.
7120.

0 NO Uvibhw N B

AVG ELEVATION DATA

10

510.61
511.12
511.89
512.40
51266

512.96
513.32

513.67

.00
.00
.00
.00

.00
.00

.00

510.
511.
511.
.40
.66

.96
513.

.67

512
512

512

513

61
12
89

32

DIFF.

WTD.
AVG.

510.
510.
511.
511.
511.

511.
512.

512.

SEC.

61

SEC.

86

FHF

005
005

"005

005
005

"005

005

005

PERCENT
WITHIN

.5 FEET

PAGE
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9 8010. 513.
10 8900. 514.
9460.

11 9790. 514.
12 10680. 514.

13 11570. 515.
11800.
11AuGl11 15:

98 .00 513.98
26 .00 514.26

56 .00 514.56

91 .00 514.91
29 .00 515.29

49:00

SUSQUEHANNA RIVER - OUTPUT

512.51 005
512.69 005
SEC.
512.86 005
513.03 005
513.20 005
SEC.

THIS REACH CAN BE SUBDIVIDED BY INC NO. TO MEET FIA REQUIREMENTS
INPUT 20N WHERE N IS THE NUMBER OF REACHES AND THEN INPUT THE END
OF EACH REACH BY INC NO. FOR EXAMPLE

A NEGATIVE INC NO. WILL SUPPRESS INTERMEDIATE INC OUTPUT.

202 2 13

CONTINUOUS FLOOD HAZARD FACTORS BY EVEN INCREMENTS

INC TOTAL WEIGHTED AVG DIFFERENCE

NO. LENGTH BETWEEN BASE FLOOD AND
10 0.2
2 1780. 510.86 .00 .00

FHF FOR REACH 1=

ZONE FOR THE REACH

005 WITH 100. PE
=A1l

RCENT OF THE REACH WITHIN

FEET

5 4450. 512.

FHF FOR REACH 2 =

ZONE FOR THE REACH

32 .00

005 wiTH 100. PE
=A1l

.00

RCENT OF THE REACH WITHIN

FEET

8 7120. 513.

FHF FOR REACH 3 =

ZONE FOR THE REACH

32 .00

005 wiTH 100. PE
=A1l

.00

RCENT OF THE REACH WITHIN

FEET

12 10680. 514.

FHF FOR REACH 4 =

ZONE FOR THE REACH

43 .00

005 WITH 100. PE
=A1l

.00

RCENT OF THE REACH WITHIN

FEET

13 11570. 515.

FHF FOR REACH 5=

ZONE FOR THE REACH

29 .00

005 wITH 100. PE
=Al

.00

RCENT OF THE REACH WITHIN

Page 8
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Appendix F:
Duplicate Effective Model B

e HEC-RAS Reports
e HEC-RAS Cross-Sections
e HEC-RAS Profiles



HEC-RAS Plan: Dupl. Effe

7 Reach

ver, Sta

| E.G. Slope,;

) e / s S fiReRd ,

167000.00 481.50 511.07 511.70 0.000387 6.39 26130.95 994.06 0.22

232000.00 481.50 515.53 516.32 0.000416 7.27 36915.58 222213 0.23

260000.00 481.50 517.20 518.05 0.000429 7.62 40736.70 2455.61 0.24

340000.00 481.50 52144 522.42 0.000444 8.36 51651.41 2683.56 0.25

167000.00 480.60 509.87 492.62 510.68 0.000482 7.26 24832.17 1475.85 0.25

232000.00 480.60 514.38 495.50 515.28 0.000471 7.96 39587.07 3371.22 0.25

260000.00 480.60 516.13 496.64 517.02 0.000456 8.1 45511.95 3449.45 0.25

340000.00 480.60 520.50 498.71 521.40 0.000422 848 60960.07 3620.12 0.24

167000.00 480.00 508.76 491.71 509.44 0.000416 6.67 27196.78 1696.99 0.23

232000.00 480.00 513.17 494.35 514.03 0.000449 7.63 35114.02 1821.87 0.24

260000.00 480.00 514.87 495.40 515.79 0.000459 7.98 38207.27 1834.66 0.25

340000.00 480.00 519.42 498.16 520.29 0.000402 8.14 62114.85 4191.91 0.24

1 167000.00 481.10 507.67 492.11 508.44 0.000529 71 26147.60 1865.76 0.25
1 232000.00 481.10 512.07 494.73 512.99 0.000531 7.96 37152.01 2555.50 0.26
1 ! 260000.00 481.10 513.77 495.80 514.74 0.000530 8.27 41752.06 2752.58 0.26
1 132450 1 |500 yr 340000.00 481.10 518.23 498.59 519.31 0.000514 8.92 54331.59 2889.54 0.27
1 130400 10 yr 167000.00 482.00 506.70 492.33 507.37 0.000482 6.62 2724470 1574.11 0.24
1 130400 .~ {50 yr 232000.00 482.00 511.13 494.66 511.93 0.000477 7.39 39455.45 2783.88 0.25
1 130400° " 71100 yr 260000.00 482.00 512.85 496.58 513.68 0.000470 7.64 44252.76 2796.46 0.25
1 130400 - {500 yr 340000.00 482.00 517.31 498.08 518.28 0.000467 8.37 57278.68 3358.23 0.25
1 128690 .0 [10yr 167000.00 480.70 505.02 492.46 506.22 0.000888 8.82 19037.51 892.08 0.33
1 1128690° - | 232000.00 480.70 509.29 495.28 510.77 0.000911 8.93 27482.55 2012.27 0.34
1 128690 .- 260000.00 480.70 511.00 496.42 512.55 0.000901 10.26 30951.43 2078.23 0.34
1 128690 | 340000.00 480.70 515.53 499.40 517.19 0.000850 10.91 40441.86 2111.38 0.34
1 127800, ' {10yr 167000.00 479.70 504.50 490.62 505.47 0.000671 7.91 21486.01 1081.21 0.29
1 127800 50 yr 232000.00 479.70 508.80 493.29 509.99 0.000684 892 29957.90 1752.84 0.30
1 127800 |, |100yr 260000.00 479.70 510.50 494.35 511.76 0.000685 9.28 32956.34 1774.71 0.30
1 127800 - 1500 yr 340000.00 479.70 515.00 497.18 516.46 0.000677 10.13 41223.56 1861.00 0.30




Elevation (ft)

Elevation (ft)

NBSR REV3
River = Susquehanna Reach =1

600

580

=5

Plan: Duplicate Effective B 8/12/2011
RS = 139600 FEMA CU

.06

Ground

Levee

500-
s L S S SR S T
0 500 1000 1500 2000 2500 3000 3500
Station (ft)
NBSR REV3 Plan: Duplicate Effective B 8/12/2011

River = Susquehanna Reach =1

RS = 132450 FEMACR

Crit 100 yr
L

®
Bank Sta

K 08— .04 - {0
- fe0a-op !
[
560-
| Crit 100 yr
1 —
1 Ground
540~ Levee
°
1 Bank Sta
520
500~
480 - gy
0 1000 2000 3000 4000 5000
Station (ft)

Elevation (ft)

Elevation (ft)

NBSR REV3 Plan: Duplicate Effective B 8/12/2011
River = Susquehanna Reach=1 RS =137275 FEMACT
[<.06>< 04 >< —— 06" -
0] %8704 .
560
540
520 |
5004 | i
0 g A T T
0 1000 2000 3000 4000 5000

NBSR REV3
River = Susquehanna Reach =1

[<.08 + .04 + .08

580
L
560

540+

520

Station (ft)
Plan: Duplicate Effective B 8/12/2011
RS = 130400 FEMA CQ

g

1000 2000 3000 4000
Station (ft)

5000 6000

Elevation (ft)

Elevation (ft)

NBSR REV3  Plan: Duplicate Effective B 8/12/2011
River = Susquehanna Reach=1 RS =134600 FEMA CS

560

ss0| 06 >t .045x 06 ]

Legend

EG 100 yr
WS 100 yr
Crit 100 yr
— .

Ground
Levee

®
Bank Sta

480 T

0 1000 2000 3000 4000 5000 6000

Station (ft)

NBSR REV3  Plan: Duplicate Effective B 8/12/2011
RS = 128690

River = Susquehanna Reach = 1

580~("1+'04+' o7

540

520

1

*

Legend

EG 100 yr
WS 100 yr
Crit100 yr
-
Ground
Levee

®
Bank Sta

Station (ft)

0 1000 2000 3000 4OIOO 5(;00




Elevation (ft)

NBSR REV3 Plan: Duplicate Effective B 8/12/2011
River = Susquehanna Reach=1 RS =127800 FEMA CP

580—_(— 1 —+— .04 —+— .06 —-—*’"

WS 100 yr

N
Crit 100 yr
-
Ground
Levee

[
Barnk Sta

460

T T T T T Ty
0 500 1000 1500 2000 2500 3000 3500
Station (ft)




Elevation (ft)
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DUpEffB.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

XOXXXXXX 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: NBSR REV3

Project File : NBSRREV3.prj

Run Date and Time: 8/12/2011 3:38:22 PM

Project in english units

FLOW DATA

Flow Title: FEMA EX Flow ;
Flow File : C:\Users\benl\Desktop\FEMA REV DATA\HECRAS\NBSRREV3.f01l

Flow Data (cfs)

River Reach RS 10 yr 50 yr
100 yr 500 yrl00-yr encroachment

Ssusquehanna 1 139600 167000 232000
260000 340000 260000

Boundary Conditions

River Reach Profile Upstream
Downstream

Susquehanna 1 10 yr Critical

Known WS = 504.5

Susquehanna 1 50 yr Critical

Known WS = 508.8

susquehanna 1 100 yr critical

Known WS = 510.5 -

Susquehanna 1 500 yr Critical
Known WS = 515

Susquehanna i 100-yr encroachment Critical

Known WS = 511.5

Page 1



GEOMETRY DATA

Geometry Title: Existing
Geometry File :

CROSS SECTION
RIVER: Susquehanna
REACH:- 1

INPUT

Description: FEMA CU
Station Elevation Data

Sta Elev Sta
0 575 42
89  522.7 106
647 486.36 678
1118 511.2 1190
1545 507 1627
1914 511.3 1999
2166 507 2212
2519 517 2566
2676  518.2 2771
2926 532 2945
3123  552.7 3196
Manning's n values
Sta n val Sta
0 .08 106
Bank Sta: Left Right
106 1118
Right Levee Station=
Blocked Obstructions
StaL StaR Elev
2575 3289 518.6

CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT
Description: FEMA CT
Station Elevation Data

Sta Elev Sta

0 575 76
293 504.5 341
416 510.2 495
777 510.2 802
1555 480.6 1579
1797 507.8 1882
2239 509.2 2339
2727 508.4 2824
3124 509.3 3141
3282 508.5 3298
3597 514.5 3600
3700 517.2 3731
3924 540 4010

DupeffB.rep

HEC2 FEMA

RS: 139600
num= 53
Elev Sta Elev
521 60 522.1
521 176  481.5
506.2 733 486.36
510.5 1274 509.9
510.1 1697 510.8
510.2 2029 508.7
507 2239 514.2
516.7 2575 518.6
521.1 2844 524.8
530.2 2947 533.3
559.1 3289 600
num= 5
n val Sta n val
.04 647 .055
Lengths: Left Channel
2375 2340
1118 Elevation=
num= :
RS: 137275
num= 62
Elev Sta Elev
556.1 160 523
515.5 352 515.5
510.9 580 510.5
503 812 502.4
488 1622 499.7
509.8 1951 504.5
513.7 2460 510.2
508.8 2902 508.9
504.9 3169 504.9
513.9 3314 509.7
513.5 3614 512
518.7 3801 520.8
575

Page 2

Sta

Right
2065
511.2

Sta
208
366
663
848
1683
2036
2537
2989
3182
3552
3651
3867

Elev
522.1
481.5
481.5
509.9

+509.2

512
515.4
518.6

532
536.2

n val
.04

C:\Users\benl\Desktop\FEMA REV DATA\HECRAS\NBSRREV3.gl2

Sta
83
640
1040
1464
1824
2127
2417
2604
2889
3058

Sta
1118

Coeff cContr.

Elev
512
515.9
512.1
488
501.2
504.8
510.7
511
509.5
509.7

525.1

1

Sta
278
387
739
864
1725
2127
2635
3058
3210
3589
3656
3911

Elev
522.7
481.5
481.5
508.2
511.3
514.2

517
517
532
539

n val
.06

Expan.



Manning's n values
Sta n val
0 .06

Sta
777

Left
777
Left Levee
Right Levee

Bank Sta: Right
1622
Station=

Station=
CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT
Description: FEMA CS

Station Elevation Data
Sta Elev Sta
0 575 49
266 540 335
592 510.5 605
969 513.3 1056
1264 511.4 1282
1370 515.1 - 1395
1679 506.2 1720
2073 504.8 2140
2348  487.7 2489
3247 517.9 3255
3602 516 3701
3990 504 4013
4064 504.9 4089
4529  512.5 4541
4580 517.5 4594
4698 525.4 4700
4881 530.9 4943
5162 575
Manning's n values
Sta n val Sta
0 .06 2278
Bank Sta: Left Right
2278 3228
Lteft Levee Station=
Right Levee Station=

CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT
Description: FEMA CR
Station Elevation Data

Sta Elev Sta
0 575 56
263 522.2 331
595 509.6 625
892 530.9 979
516.9 - 1057

1053

DUpEffB.rep

num= 3
n val Sta n val
.04 1622 .06
Lengths: Left Channel
- 2785 2690
739 Elevation=
2339 Elevation=
RS: 134600
num= 86
Elev Sta Elev
571.9 102 570.1
531.1 421 522.3
510.5 679 510.9
513.3 1157 513.1
512.9 1339 512.4
514.8 1406 510.3
506.2 1826 506.1
501.1 2200 500.9
480 3141 480
517.9 3323 517.7
512.9 3806 510.1
504 4034 505.2
504.9 4110 513.9
516.6 4555 515.1
513.1 4602 515.8
525.6 4737 525.6
544.1 4985 547.5
num= 3
n val Sta n val
.04 3228 .06
Lengths: Left Channel
2075 2125
1362 Elevation=
3247 Elevation=
RS: 132450
num= 86
Elev Sta Elev
553.9 .72 553.9
518.7 404 514
514.9 686 518.8
531.8 1003 531.7
516.9 1074 515.2

Page 3

Right
2485
513.3
513.7

Sta

168

493

770
1228
1356
1489
1946
2278
3174
3401
3870
4041
4115
4567
4618
4761
5023

Right
2160
515.5
517.9

Sta
107
451
743
1045
1103

Coeff Contr.

1

Elev Sta
562.3 251
516 554
513.1 868
512.1 1248
515.1 1362
509.1 1576
508.1 2005
500.7 2301
487.7 3228
517.5 3492
507.3 3951
512.1 4049
513.9 4123
517.5 4572
513.2 4660
525.1 4819
550.1 5096

Coeff Con}r.

Elev Sta
544.9 190
509.6 526
520.6 821
516.4 1052
503.1 1146

Expan.
.3

Elev
540
510.8
512.9
511.4
515.5
508
505.9
493.7
517
516.4
505.4
512.1
512.5
518
522.6
522.9
563.2

Expan.
.3

Elev
531.8
509.6

529
516.9
501.9



1210 501.9 1244
1548 503 1602
1856  502.2 1921
2798 481.1 2816
3089 506.5 3175
3395 511.8 3402
3541 512.1 3637
3964 520.4 3975
3996 520.4 4026
4223  527.5 4305
4547 541.9 4584
4740  556.2 4831
4933 575
Manning's n values
Sta n val Sta
0 .08 1921
Bank Sta: Left Right
1921 2869
Left Levee Station=
Right Levee Station=

CROSS SECTION

RIVER: Susquehanna

- REACH: 1

INPUT
Description: FEMA CQ
Station Elevation Data

Sta Elev Sta
0 575 101
385 527 419
697 509.8 775
1007 516.4 1019
1090 502.3 1172
1418  499.9 1443
2430 482 2443
2693 508.5 2706
2985 508.1 3059 .
3304 507 3367
3500 504.9 3542
3629 504.9 3692
3905 519.5 3908
3993 520.1 4056
4302 528.2 4353
4559 542.6 4573
4730 545.8 4771
4914 564.2 4962
Manning's n values
. Sta n val Sta
0 .08 1418 .
Bank Sta: Left Right
1418 2483
Left Levee Station=
Right Levee Station=
Blocked Obstructions
Sta L Sta R Elev
0 1046 516.4

DupteffB.re

503.5 1324 503.4
504.7 1661 505.2
505.5 1950 503.2
487.5 2869 507.6
505.7 3264 506.8
511.8 3421 504.9
512.2 3716 511.5
520 3981 520.7
521.4 4107 524.9
530.8 4377 534.2
541.9 4596 541
565 4862 570.9
num= 3
n val Sta n val
.04 2869 .08
Lengths: Left Channel
2030.01 2050
979 Elevation=
3016 Elevation=
RS: 130400
num= 90
Elev Sta Elev
555.6 198 541.2
527 441 524.6
506.1 807 504
513.5 1037 516.4
499.3 1209 491.1
488 1514  487.3
487.2 2483 500.9
508.5 2753 508
507.9 3132 507.2
504.7 3434 504.7
504.9 3559 511.1
505.1 3775 506.6
519.5 3911 519.5
520.9 4128 525
530 4392 530
543.5 4612 543.5
560 4827 563.2
564.2 5028 562.1
num= 3
n val Sta n val
.04 2483 .08
tengths: Left Channel
2400 1705
1355 Elevation=
2693 Elevation=
num=

Page 4

1410
1712
1978
2956
3321
3451
3819
3983
4175
4473
4602
4908

Right
1650
531.8
509.8

Sta

289

534

849
1046
1288
1557
2552
2817
3160
3464
3570
3832
3922
4189
4457
4620
4855
5074

Right
1120
506.2
508.5

wvi

[en]

(o]
ONWONOUVINWY

1513
1794
1988
3016
3387
3472
3918
3987
4213
4535
4648
4923

Coeff Con}r.

Elev
532.5

508.
516.
502.
487.
504.
508.
505.
505.
505.

507

525.7
531.9
543.2

564
563.4

RPNRFRERONWRAW

Sta

371

614

940
1055
1355
1600
2642
2897
3225
3486
3580
3890
3943
4233
4532
4687
4871
5110

Coeff Contr.
.1

504.9

504
481.4
509.8
505.1

517.5
520.
527.
540.
546.
573.

VIS = Ut~

EXpan.
.3

Elev
525.5
514.3
510.8
516.4
506.2

482
506.2
508.1
506.7
509.5
504.9

519

516
526.3
535.1
541.1

564

575

Expan.
.3



CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT
Description:
Station Elevation Data

Sta Elev Sta

0 575 60
234 553.2 272
499 543.6 563
750 536.1 769
852 516.1 923
1713 501.4 1787
1935 505.1 1994
2253 506.6 2348
2487 503.8 2547
2709 501.1 2732
2879 509.9 2892
2993 517.2 3002
3063 527.2 3141
3481 553.2 3558
3825 566 3852

4047  565.8 4076
4273  558.1 4382

Manning's n values
Sta n val Sta
0 .1 852

Bank Sta: Left Right
852 1713
Right Levee Station=

CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT
Description: FEMA CP
Station Elevation Data

Sta Elev Sta
0 562 104
505 . 546.8 605
838 539.2 877
929 507.4 985
1115 479.7 1920
2080 505.1 2105
2242 506.2 2272
2439 503.6 2510
2642 510.5 2654
2787 520 2803
2894 542.4 2958

3274 575

Manning's n values

sta n val Sta
0 1 1074

DupeffB.rep

RS: 128690
num= 83
Elev Sta Elev
571.1 110 568.2
550.7 284 550.7
542.1 577 542.1
536.1 793 536.2
487.1 940 480.7
506 1841 505.8
506.3 2062 508.1
505.9 2414 503
504.8 2568 504.8
507 2790 506.3
504.8 2926 504.8
519.9 3014 520.5
535 3232 542.1
557.1 3603 559.8
566.3 3882 567.3
565.5 4115 564.3
550.4 4477 575
num= 3 .
n val Sta n val
.04 1713 .07
Lengths: Left Channel
970 890
2062 Elevation=
RS: 127800
num= 56
Elev Sta Elev
559 200 554.9
544.6 703 543
517.5 892 518
504.9 1020 501
479.7 1929 487
505.1 2116 505.1
504.9 2297 495.2
506 2582 505
504.7 2687 504.7
520.7 2808 520.7
554.8 3032 560.7
num= 3
n val Sta n val
.04 1957 .06

Page 5

Sta
196
355
629
823
1659
1857
2090
2422
2594
2839
2943

3023

3303
3703
3940
4124

Right
900
508.1

Sta
304
753
897
1074
1957
2167
2339
2601
2710
2819
3131

Elev
554.9
549.1
540.2

480.
505.
508.
500.
501.
510.
511.
520.
547.
565.

567
563.8

OWUNRENNOOBR 00N

Coeff Con}r.

Elev
553.7
541.2

499.
501.
504.
492.
504.
510.
520.
566.

ORONWD MO

Sta

217

435

724

831
1670
1913
2160
2461
2676
2866
2973
3033
3402
3784
4007
4166

- Sta

402

773

906
1098
2008
2188
2391
2629
2760
2843
3221

Elev
549.9
541.2
516.1

487
503.
504.
495,
510.
512.
530.
570.

NERUINOON



DupeffB.rep

Bank Sta: Left Right Lengths: Left Channel Right Coeff cContr. Expan.
1074 1957 1015 945 960 1 .3
Right Levee Station= 2242 Elevation=  506.2

Profile Output Table - Standard Table 1

Reach River Sta Profile Q Total Min ch E1 W.S. Elev Crit

Ww.S. E.G. Elev  E.G. Slope vel chnl Flow Area  Top width Froude # Chl

(cfs) (ft) (ft)

(fo (ft) (ft/ft) (ft/s) (sq ft) (ft) ;
1 139600 100 yr 260000.00 481.50 517.20

496.49 518.05 0.000429 7.62 40736.70 2455.61 0.24
1 137275 100 yr 260000.00 480.60 516.13

496.64 517.02 0.000456 8§.11 45511.95 3449.45 0.25
1 134600 100 yr 260000.00 480.00 514.87

495.40 515.79 0.000459 7.98 38207.27 1834.66 0.25
1 132450 100 yr 260000.00 481.10 513.77

495.80 514.74 0.000530 8.27 41752.06 2752.58 0.26
1 130400 100 yr 260000.00 482.00 512.85

495.58 513.69 0.000470 . 7.64 44252.76 2796.46 0.25
1 128690 100 yr 260000.00 '480.70 511.00

496.42 512.55 0.000901 10.26 30951.43 - 2078.23 0.34
1 127800 100 yr = 260000.00 479.70 510.50 '

494 _35 511.76 0.000685 9.28 32956.34 1774.71 0.30
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Appendix G: -
Corrected Effective Model

e HEC-RAS Reports
¢ HEC-RAS Cross-Sections
¢ HEC-RAS Profiles



hanna Reach: 1

ot

Flow Area .

s

K]
167000.00 0.000356 6.21 28635.68 2040.35

232000.00 481.50 516.07 516.82 0.000388 7.1 38120.82 2252.04 0.22

260000.00 481.50 517.70 518.52 0.000403 7.46 41979.43 2458.90 0.23

340000.00 481.50 521.88 522.83 0.000422 822 52843.65 2704.31 0.24

167000.00 476.20 510.18 511.01 0.000515 7.38 25783.76 241584 0.25

232000.00 476.20 514.69 515.60 0.000494 8.03 39795.30 3378.69 0.26

260000.00 476.20 516.40 §17.30 0.000476 8.18 45612.57 3452.31 0.25

340000.00 476.20 520.75 521.65 0.000437 8.52 61018.59 3629.44 025

167000.00 480.20 508.66 493.47 509.44 0.000519 7.13 25493.07 1934.54 0.25

232000.00 480.20 513.16 496.07 514.10 0.000534 8.02 34154.00 3528.34 0.26

260000.00 480.20 514.87 497.11 515.85 0.000531 8.29 38687.77 3815.97 0.26

340000.00 480.20 519.28 499.87 520.36 0.000519 8.91 50831.84 4100.61 0.27

£1132450°. 10yr 167000.00 470.20 507.81 489.53| . 508.46 0.000384 6.52 28467.38 2043.27 0.22

. [132450 50 yr 232000.00 470.20 512.22 492.19 513.07 0.000421 7.54 36723.05 2806.81 0.24

-]132450 100 yr 260000.00 470.20 513.90 493.25 514.82 0.000434 7.93 40041.43 3026.76 0.24

132450 500 yr 340000.00 470.20 518.34 496.05 519.34 0.000428 8.56 56130.57 3276.41 0.25

1 167000.00 482.20 506.78 507.51 0.000566 6.93 26871.45 2206.41 0.26

1 232000.00 482.20 511.26 512.10 0.000536 7.63 39338.38 3060.18 0.26

1 260000.00 482.20 512.97 513.84 0.000520 7.84 44648.72 3124.96 0.26

1 340000.00 482.20 517.46 518.40 0.000487 8.37 59174.85 3365.02 0.26

1 128690 10 yr 167000.00 476.20 505.13 506.29 0.000851 8.69 20191.82 1314.88 0.32

1 128690 50 yr 232000.00 476.20 509.44| 510.88 0.000882 9.84 27827.54 2015.02 0.33

1 ‘1128690 100 yr 260000.00 476.20 511.14 512.66 0.000875 10.17 31290.12 2079.02 0.34

1 128690 500 yr 340000.00 476.20 515.65 517.29 0.000831 10.84 40741.18 2112.24 0.33

1 127800 10yr 167000.00 476.20| - 504.50 492.07 505.53 0.000780 8.22 21646.01 1282.26 0.31

1 127800 50 yr 232000.00 476.20 508.80 494.79 510.10 0.000799 9.35 28737.90 1752.84 0.32

1 127800 100 yr 260000.00 476.20 510.50 495.92 511.87 0.000790 9.69 31736.34 1774.71 0.32

1 127800 500 yr 340000.00 476.20 515.00 498.70 516.55 0.000762 10.49 40003.56 1861.00 0.32
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Coreff.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 XOXXXXX 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 XOXXXX

PROJECT DATA

Project Title: NBSR REV3

Project File : NBSRREV3.

Run Date and Time: 8/12/2011 3:45:23 PM

Project in English units

PLAN DATA

Plan Title: Corrected Effective
Plan File : C:\Users\benl\Desktop\FEMA REV DATA\HECRAS\NBSRREV3.pl3

Geometry Title: Corrected Effective
Geometry File : C:\Users\benl\Desktop\FEMA REV DATA\HECRAS\NBSRREV3.gl3

Flow Title : FEMA EX F16w
Flow File : C:\Users\benl\Desktop\FEMA REV DATA\HECRAS\NBSRREV3.f0l

Plan Summary Information:

Number of: Cross Sections = 20 Multiple Openings = 0
Culverts = 0 Inline Structures = 0
Bridges = 0 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
FLOW DATA

Flow Title: FEMA Ex Flow
Page 1



. Coreff.rep :
Flow File : C:\Users\benl\Desktop\FEMA REV DATA\HECRAS\NBSRREV3.f01

Flow Data (cfs)

River Reach RS 10 yr 50 yr
100 yr 500 yr100-yr encroachment

Susquehanna 1 139600 167000 232000
260000 340000 260000

Boundary Conditions

River Reach profile , Upstream
Downstream

Susquehanna 1 10 yr Critical

Known WS = 504.5

Susquehanna 1 50 yr Critical

Known WS = 508.8

susquehanna 1 100 yr Critical

Known WS = 510.5

Susquehanna 1 500 yr Critical
Known WS = 515 :

susquehanna 1 100-yr encroachment Critical

Known WS = 511.5

GEOMETRY DATA

Geometry Title: Corrected Effective )
Geometry File : C:\Users\benl\Desktop\FEMA REV DATA\HECRAS\NBSRREV3.gl3

CROSS SECTION

RIVER: Susquehanna

REACH: 1 RS: 139600
INPUT
Description: FEMA CU
" Station Elevation Data num= 53
Sta Elev Sta Elev Sta Elev Sta Elev Sta . Elev
0 575 42 521 60 522.1 72 522.1 83 522.7
89 522.7 106 521 176  481.5 180 481.5 640 481.5
647 486.36 678 506.2 733 486.36 754 481.5 1040  481.5
1118 511.2 1190 510.5 1274 509.9 1357 509.9 1464 508.2
1545 507 1627 510.1 1697 510.8 1758 509.2 1824 511.3
1914 511.3 1999 510.2 2029 508.7 2081 512 2127 514.2
2166 507 2212 507 2239 514.2 2331 515.4 2417 517
2519 517 2566 516.7 2575 518.6 2584 518.6 2604 517
2676 518.2 2771 521.1 2844 524.8 2876 532 2889 532
2926 532 2945 530.2 2947 533.3 3011 536.2 3058 539
3123 552.7 3196 559.1 3289 600
Manning's n values num= 5
Sta n val Sta n val Sta n val Sta n val sta n val

Page 2



0 .08 106
Bank Sta: Left Right
106 1118
Blocked Obstructions
Sta L Sta R
2575 3289

CROSS SECTION

Elev
518.6

RIVER: Susquehanna
REACH: 1

INPUT
Description:
Station Elevation Data
Sta Elev sta
0 575 23.49
90.58 519.79 95.17
119.64 520.51 128.6
179.3 520.09 188.08
240.2 518.84 251.25
342.47 480.44 345.72
794.52 484.33 811.56
1113.58 491.12 1157.08
1205.44 504.75 1218.8
1377.92 509.49 1381.08
1571.72 507.5 1602.7
1790.95 510. 1809.37
1995.88 511. 2030.71
2158.16 509. 2201.05
2333.42 507. 2334.67
2486.42 514, 2543.77
2647.81 514. 2653.34
2704.93 516. 2714.11
2787.8 516. 2807.95
3011.94 527. 3025.2
3062.94 528. 3065.99
3104.93 530. 3145.74
3239.39 542.27 3263.88
3353.45 560.49 3433.2

Manning's n values
sta n val
0 .076
3433.2 .06

Sta
240.2

Bank Sta: teft Right
240.2 1218.8

CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT
Description:
Station Elevation Data
Sta Elev Sta
0 575 36.62
141.18 515.96 148.35

.04

Coreff.rep

647

.055

Lengths: Left Channel

num=

475.
1

01

RS: 139135.*

num=
Elev
560.56
518.38
519.56
520.37
513.99
480.44
480.44
497.03
508.9
509.
507.
510.
511.
511.
507.
515.
514.
516.65
516.5
527.91
527.77
532.26
546.66
595

num=
n val

3042.
3082.

3149
330

.64
0.6

6
Sta

.04 763.34

468

Elev
542.15
520.12
519.76
520.54

512.5
480.44
480.
499.13
508.
509.
506.
509.
510.
512.
513.
515.
515.
515.
518.82

528.3
527.13
532.44

549.7

n val
.054

Lengths: Left channel

475.

01

RS: 138670.*

num=

Elev
559.44
515.76

11

77.1 537.36 100.23

164

7
Sta

.31

468

Elev
518.97

Page 3

733 .04 1118
Right

Coeff Contr.
412.99 1

Elev
533.21
520.19
519.86
520.46

504.7
484,33

482.1
501.85
509.33
509.84
507.87

510.4
510.
513.
513.
515.
515.
515.
521.78

528.5

Sta
64.3
108.
153.
204.
271.
724.
1052.
1189.
1292.
1462.
1687.
1883.
2117.
2247.
2405.
2611.
2691.
2758.12
2979.3
3050.22
3084.36
3174.48
3338.34

85.
113.
163.
228.
309.
749.
1068.
1203.
1314.
1523.
1737.
1938.
2148.
2287.
2456.
2627.
2695.
2772.96

3008.5
3053.01
529.68 3100.3
533.86 3197.58
555.06 3341.4

n val Sta
.042 1218.8

Sta
846.51

Right

coeff contr.
412.99 1

Elev Sta
527.91 133.96
519.02 176.36

Sta
169.61

.06

Expan.
.3

Elev
521.89
520.37
519.83
519.87
492.68

500.2
484.
504.
510.
508.
509.
511.
509.
507.
514.
514.
515.
516.
526.

528.3
530.81
535.09
556.33

n val
.06

Expan.
.3

Elev
517.54
519.25



186.48
279.47
374.4
508.94
856.04
1156.03
1298.83
1481.84
1679.43
1902.
2111.
2277.
2456.
2612.
2776.
2834,
2919.
3147.
3199.89
3242.7
3379.8
3496.09

519.36
517.69
516.68
479.38
482.3
488.
500.
509.
506.
510.
510.
509.
507.
513.
512.
514.
514.6
523.23
524.14
527.69
536.9
555.37

131

232

2782

3202
328

357

Manning's n values
Sta n val
0 .072 37
Left Righ
374.4 1319.
Ineffective Flow
- Sta L sta R E
0 314.35

Bank Sta:

CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT
Description:
Station Elevation Dat
Sta Elev
0 575
191.79 512.14
253.32 518.2
379.65 515.3
508.6 514.
675. 478.
917. 480.
1198. 486.
1392. 496.
1585. 508.
1787. 506.
2014. 509.
2227. 510.
2396. 509.
2578. 508.
2737. 512.
2905. 509.
2964 . 512.
3050.9 512.
3283.83 518.

27

142

279

200.
293.
388.
511.
869.
1223.

1485.
1711.
1921.
2147.

2457.
2670.

2844,
2939.
3161.

3404.

518.

49.
201.

398.
526.
677.
926.
1290.

1589.
1819.
2034.
2264.
2441.
2580.

2911.
2974.
3071.
3297.

45
16
94
44
12
65
9.6
06
03
75
43
1.1
34
54
.25
21
89
41
.99
4.3
76
7.4

Sta
4.4

t

6
num=
lev
38

a

Sta
75
52
2.3
24
63
15
69
22
0.4
04
35
12
14
15
01
7.3
17
32
84
61

- 510.

Coreff.rep
211.92 517.42
314.35 518.38
394.75 509.97
798.08 479.38
1047.34 479.38

1247.8 494.9
1377.27 506.88
1565.42 509.86
1763.67 506.54
1985. 510.
2184. 510.
2364. 511.
2485. 512.
2677. 513.
2794, 513.
2865. 513.
3038. 516.
3179. 524.6
3219. 524.06
3288. 528.68

3442.2 543.55

517.22
518.04
511.24
479.38
479.38
493,32
506.6
509.06
506.57
510.
510.
510.
507.
513.
512.
514.
514.8
523.82
523.83
528.5
540.63
590

num= 5
n val Sta
.04 1047.34

n val
.045

Lengths: Left Channel
475.01 468
1
Permanent
F

RS: 138205.%*

117

104.
223.
287.
427.
533.
877.
1051.
1322.
1479.
1670.
1873.
2098.
2302.
2485.
2608.
2804.2
2923.7
2995.52
3172.53 514,
3315.9 520.9
Page 4

num=
Elev
558.
513.
514.
515.
508.
478.
478.
489,
504.3
508.
505.
510.

Elev
532.
517.
515.
516.
507.
478.
478.
490.
504.
509.

506.3
511.
510.
510.
510.
511.
512.
512.

510.
508.
511.
509.
512.
513.1
519.73

238,

319.

415,

802.
1061.
1274.
1394.
1568.
1797.
1997.
2235.
2368.
2529.
2739.
2821.
2889.
3114.
3186.
3221.
3313.
3480.

Sta
1319.6

Right
412.99

136.
230.
324.
433,
559.
880.
1070.
1359.
1496.
1673.
1907.
2111.
2354,
2489.
2653.
2867.8
2950.68
3020.06
3249.91
3323.61

517.62
518.37
500.53

482.3
481.
497,
508.
509.
507.
511.
510.
511.
512.
513.
513.
513.
518.

526.07

530.07
551.01

n val

254,
356.
465.
821.
1085.
1296.
1416.
1630.
1848.
2053.

2267.
240
258

2755.
2825.
2904.
3144.
3189.
3237.

3337.
348

9.5
1.1
78
49
22
37
75
97
16
3.8

Sta

.06 3577.4

Coeff COHEF.

Elev
522.
517.
515.
516.
496.
480.
480.
493,

509.
507.
512.
510.
510.
511.
512.
512.
512.
515.
521.5

181.
239,
345.
483.
621.
893,
1103.
1388.
1519.
1737.
1959.
2168.
2386.
2531.
2706.
2884.
2955.
3035.

3280.
332

Sta
97
57
46
73
34

6.5

517.56
518.23
491.06

494.2
483.
499,
509.
507.
509.
511.
509.
507.
513.
512.
513.
516.
522.

524.6

527.6
531.18
552.25

n val
.06

Expan.
.3

Elev
513.2
518.13
515.29
516.59
489.44
488.2
482.
495,
509.
506.
508.
511.
509.
507.
512.
509.
512.
515.
518.
520.9



3336.83
3380.47

3520.2
3638.73

520.21 3339.99
524.43 3422.87
531.54 3545.64

550.

25

3721.6

Manning's n values
n val

Sta
0
3721.6

Bank Sta:

Sta L

.0

Left

68
06

Sta
508.6

Right

508.6 1420.4
Ineffective Flow

Sta

R

-0 253.32

CROSS SECTION

num=

Elev
518.2

RIVER: Susquehanna

REACH: 1

INPUT
Descripti

on:

station Elevation Data

Sta
-0
242.39
320.16
479.82
642.8
841.89
979.08
1240.92
1485.61
1689.67
1894.87
2126.99
2343.97
2515.79
2701.35
2863.36
3034.23
3094.71
3182.45
3419.78
3473.77
3518.23
3660.6
3781.36

El

5
508.
517.
512
512.
477.
478.
484.
492.
508.
505.
509.
510.
510.
508.
511.
507.
510.
511.
514.
516.
521.
526.
545.

ev
75
32
05
.9
36
26
23

Sta
62.87
254.69
344.15
503.32
664.31
842.87
984.25
1356.79
1521.2
1693.02
1927.68
2146.5
2380.85
2561.2
2702.68
2924.07
3040.08
3104.43
3203.78
3433.81
3477
3561.43
3686.53
3865.8

Manning's n values
n val

Sta
0
3865.8

Bank Sta:

Sta L

.0

Left

64
06

Sta
642.8

Right

642.8 1521.2
Ineffective Flow

Sta

R

0 320.16

CROSS SECTION

num=

Elev
517.05

519.89
524.73
534.59

585

num=
n val
.04

Lengths: Left Channel
4

1
Permane
F

RS: 137

num=

Elev
557.21
510.53
512.54
513.38
505.75
477.26
477.26
485.91

508.22
505.39
510.24
510.62
509.88
508.44
509.98
507.31
510.78
511.4
515.64
515.94
520.97
528.56
580

num=
n val
.04

Coreff.rep

3356.97
3426.93
3583.8

6
Sta
1051.02

75.01

nt

740.%

117
Sta
132.37
282.1
363.85
539.71
672.92
956.17
1054.69
1398.17
1581.09
1776.47
1982.34
2212.38
2419.57
2606.12
2731.84
2931.1
3052.85
3126.03
3306.38
3452.45
3494.29
3565.57
3725.4

6
Sta
1120.9

520.99
524.92
537.4

n val
.052

468

Elev
527.79
516.66
512.75
514.06
504.92
477.26
477.26
486.43
503.09
509.82
506.07
512.33
510.73
509.52
509.91
509.72
510.98
510.34
511.98

517.2
517.93
521.16
531.25

n val
.052

Lengths: Left Channel

1
Permane
F

475.01

nt

468

Page 5

3359.
3452.
3623.

09
74
02

Sta
1103.

44

Right
412.99

Sta
172.

08

291.2
409.51

548.

49

703.9

957.
1079.

89
52

1443.7

1598.
1779.
2017.
2225.
2472.
2610.
2777.

96
31
02
17
65
88
94

2995.9

3080.
3151.
3385.
3460.
3496.
3591.
3765.

34
03
22
31
45
87
36

Sta
1240.

92

Right
412 .99

522.45

3375.65

526.28 3476.75
546.97 3626.2

n val

Sta

.047 1420.4

Coeff Congr.

Elev
517.3
516.67
513.14
514.19
492.18
478.23
479.18
488.61
505.83
509.64
506.84
512.88
510.42
509.58
510.07
510.84
510.55
510.28
512.72
518
518.83
522.49
542.93

n val
.05

Sta
229.99
302.79
436.62
611.36
777.35
965.53
1120.9
1480.94
1622.33
1844.22
2070.9
2283.65
2505.05
2653
2831.2
3012.59
3084.99
3166.74
3416.12
3463.25

3513.32.

3616.33
3768.6

Sta
1521.2

coeff Contr.
.1

524.4
527.27
548.17

n val
.06

Expan.
.5

Elev
508.85
517.02
513.02
514.94
487.82

482.2
481.3
490.69
509.43
505.39
508.28
511.84
510.02
508.28
511.25
507.32
510.51
514.65
514.01
517.2
521.2
523.36
544 .08

n val
.06

Expan.
.3



RIVER: Susquehanna
REACH: 1

INPUT
Description: FEMA CT
Station Elevation Data

Sta Elev Sta

0 575 76

293 504.5 341

416 510.2 495

777 510.2 - 802
1008.36 476.2 1058.36
1423.36 482.2 1473.36
1622 499.7 1683
1951 504.5 2036
2460 510.2 2537
2902 508.9 2989
3169 504.9 3182
3314 509.7 3552
3614 512 3651

3801 520.8 3867

Manning's n values
Sta n val Sta
0 .06 777

Bank Sta: Left Right
777 1622

CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT
Description:
Station Elevation Data
Sta Elev Sta
0 575 22.09
113.18 550.26 119.94
222.3 520.28 249.8
306.17 509.71 347.2
436.93 513.13 450.79
511.6 515.44 521.7
569.95 510.51 578.06
617.74 511.4 629.02
710.63 510.25 757.07
876.46 511.43 877.47
976.93 511.25 992
"1066.46 500.04 1068.65
12312.5 485.71 1259.3
1455.12 480.34 1550.03
1739.27 482.87 1755.83
1783.66 485.52 1788.11
1805.92 487.1 1806.42
1841.54 489.89 1846.89
1858.11 493.65 1863.54
1885.34 501.33 1890.77
2060.14 509.78 2078.96
2135.87 510.65 2142.41

Coreff.rep

RS: 137275

num=
Elev
556.1
515.5
510.9
503
476.2
482.2
501.2
504.8
510.7
511
509.5
509.7
518
525.1

num=
n val
.04

70
Sta
160
352
580
812
1088.36
1528.36
1725
2127
2635
3058
3210
3589
3656
3911

3
Sta
1622

Elev
523
515.
510.
502.
478.
484,
509.
506.
510.
507.
509
513.5
517.9
540

OWUINNN AT

n val
.06

Lengths: Left Channel

464.22

RS: 136829.%*

num=

Elev
571.02
548.58
515.44
507.3
515.13
514.18
510.81
511.41
509.81
511.44
510.46
499.91
481.15
481.74
483.12
485.83
487 .14
490.28
495,18
502.87
510.16
510.66

1027.17
1079.68
1301.39
1585.73
1756.88
1792.57
1810.38
1846.96
1869.04
1949.81
2107.22
2144.96

448.38

Elev
566.97
539.37
512.91
505.92
515.13
510.54
510.87
510.69
509.78
511.34
508.62

496.6
476.87
482.33
483.18
486.15
487 .45
490.29
496.73
504.21
510.57
510.45
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Sta

208

366

663

848
1138.36
1573.36
1797
2239
2727
3124
3282
3597
3700
3924

Right
414.27

Sta
75.75
189.83
272.8
387.34
476.16
553.71
611.43
654.37
775.56
934.73
1040.08
1111.32
1383.06
1639.08
1774.76
1797.02
1814.83
1852.04
1874.47
1990.46
2120.99
2159.85

Elev
512
515.9
512.1
488
480.
486.
507.
509.
508.
509.
508.
514.
517.

(%2
N

ONUVUVNWAERNOONN

933
1283
1
1
2
2
3
3
3
3
4

Sta
278
387
739
.36
.36
579
882
339
824
141
298
600
731
010

Coeff Conir.

Elev
561.01
528.27
512.06

505.9
515.33
510.54
511.36
510.69
509.89
511.46
504.84
487.58
476.87
482.53
484 .88
486.47

487.8
491.94
498.26
510.95
510.68

509.3

100
211
274
391
483
562
614
67
823
964
105

1169.
1410.
1711.
1779.
1801.
1819.

1852
187
1991
212
2191

Sta
.47
.51
.97
.39
.84
.73
.14
1.4
.36
.94
6.8
49
08
84
21
47
28
.32
9.9
.15
8.2
.17

Elev
504.5
515.9
513.3
486.2
482.2

509.
513.
508.
504.
513.
513.
518.

57

V1N U110 WO 00~ 0o

Expan.

Elev
554.68
522.18
511.75
506.49
515.46
510.47
511.44
510.55
510.45
511.15
500.82

486.5
478.59
482.78

485.2
486.78
488.15
492 .02

499.8
510.94
510.66
507.06



2209.19 505.81 2247.5
2379.53 507.02 2487.93
2615.56 511.77 2639.55
2795.71 509.47 2829.15
2847.28 509.95 2850.52
2872.53 510.34 2874.37
2931.28 509.63 2947.17
2960.27 508.62 3054.13
3344.48 509.37 3360.94
3415.46 509.64 3427.72
3479.86 509.47 3482.96
3494.79 510.22 3497.4
3529.89 511.03 3538.67
3588.05 510.7 3602.47
3621.98 511.53 3624.91
3649.31 512.37 3676.74
3742.17 512.53 3758.72
3805.18 516 3810.81
3859.38 519.93 3876.56
3921.27 520.75 3926.45
3940.41 522.08 3944.69
3956.92 523.34 3959.81
3998.82 525.26 3999.72
4063.6 529.76 4097.77
4202 575

Manning's n values
Sta n val Sta
0 .06 1027.17

Bank Sta: Left Right
1027.17 1890.77

CROSS SECTION

RIVER: Susquehanna
REACH: 1

INPUT

Description:
Station Elevation Data
Sta Elev
0 575 27.48
140.74 548.21 149.15
276.44 519.42 310.64
380.73 509.95 431.76
543.34 513.16 560.58
636.2 514.98 648.76
708.76 510.69 718.85
768.19 512.14 782.21
883.7 509.8 941.46
1089.93 510.75 1091.17
1214.86 509.2 1233.6
1322.77 497.57 1325.3
1491.63 485.21 1545.75
1771.88 480.49 1856.34
2024.73 483.53 2039.47
2064.23 487.75 2068.19
2084.04 490.02 2084.48
2115.74 493.86 2120.49
2130.47 497.46 2135.31
2154.7 504.61 2159.54

Coreff.rep

505.82 2291.46 505.79
509.17 2552.42 511.62

511 2681.86 509.78
509.35 2838 509.48
510.11 2853.54 510.26
510.14 2924.9 509.25
509.35 2951.59 509.1
508.95 3129.62 509.03
505.7 3388.04 505.7
509.45 3433.14 509.42
509.62 3486.15 509.77
510.2 3506.43 512.82
510.87 3547.8 510.7
510.87 3608.97 511.03
511.7 3627.77 511.87
512.53 3683.86 512.53
512.6 3782.96 514.84
515.51 3818.73 514.82
519.8 3898.83 519.66
521.14 3931.4 521.51
522.36 3948.18 522.62
523.59 3962.81 523.83
525.28 4024.08 526.65

540.83 4106.18 543.48

num= 3

n val Sta n val
.04 1890.77 .06

Lengths: Left Channel
464.22 448.38

RS: 136383.*

num= 231
Elev Sta Elev
57