HYDROLOGY REPORT 11

The drainage basin characteristics for Gordon Bridge (#0836) in Garland on
Avenue Road over Meadow Brook were provided by the Maine Department of
Transportation Environmental Office - Hydrology Section. The flows were computed
using the 1999 USGS full regression equation. No other flow data was available such as
gage data and existing studies. Therefore, only the flows associated with the 1999
USGS full regression equation have been used in design. The following is a summary of
the flow data used in design:

Summary

Drainage Area = 7.85 mi?

Ordinary High Water (Q1.1) = 130.5 cfs
10 Year Flood (Q10) = 5657.7 cfs
Design Discharge (Qso) = 856.2 cfs
Check Discharge (Q100) = 998.5 cfs

Qsoo =1354.1 cfs

Reported By: Richard E. Myers
Date: January 4, 2010



HYDRAULICS REPORT 12
(Existing Bridge)

Gordon Bridge (#0836) in Garland on Avenue Road over Meadow Brook was
constructed sometime in the early 1970s. The bridge is a twin structural steel plate pipe
arch structure consisting of (2) 11°-5” x 7°-3” pipe arches. The existing pipe arches are in
poor condition with moderate to heavy rusting, pitting, and section loss below the
waterline. There are also some areas of rust along the top of the pipe arches as well as
efflorescence, particularly around the bolts. The pipe arches are also distorted which
has likely caused the apparent gaps between some of the plate sections. Over time,
undermining of the north culvert at the downstream end has created about an 8” drop
from invert to streambed. Ice, debris, and flooding have not been a reported issue in the
past.

The existing bridge was analyzed using HY-8, version 7.2, the culvert hydraulic
analysis program distributed by the Federal Highway Administration. The hydraulic
computations require only one representative downstream cross section. Following is a
list of parameters used in the model:

Stream

o Cross section - Irregular; survey data was used to input stations and
elevations of 13 points representing a typical downstream
cross section. Bottom of streambed was set at an elevation
of 328'.

e Stream slope - 0.0043 ft/ft

¢ Manning’s “n” - 0.035 main channel
0.100 overbanks

Culverts

o Structural steel plate pipe arches: 136.8” x 86.9” ( 11.40’ x 7.24’)

e Slope = 0.0054 ft/ft

¢ Mitered ends

e Manning’s “n” = 0.034

The results of the analysis are summarized below. Complete input and output is
provided in the appendix of this report. The existing structure has an Hw/D (headwater

elevation to culvert depth) ratio of 0.98 at Q50 which is larger than the recommended
0.90. Therefore, the structure is barely adequate and not up to current standards.



HYDRAULICS REPORT 13
(Proposed Bridge)

The original scope of the project was to rehabilitate the existing structure;
therefore, the design team first analyzed invert and slipline options. Due to the
deformations of the pipe arches as well as the condition of the top of the culverts
described previously, it was decided that placing a concrete or composite invert would
not provide enough extended life to justify this option.

The slipline option, which was driven by hydraulics, was evaluated using HY-8.
The existing structure model discussed earlier was modified by adjusting the invert
elevations at the ends of the culvert and changing the pipe arches to (2) 114.2” x 77.3”
(9°-6” x 6’-5”) which provided a 4” minimum clearance between the existing pipe arch
and the slipline. This resulted in a 2’-0” increase in headwater at Q100 and an Hw/D
ratio equal to 1.25 at Q50. According to FEMA regulations, a headwater increase of
more than 1’-0” at Q100 is not allowed; therefore, the slipline option was deemed
unacceptable and a replacement is necessary.

The replacement option was again analyzed using HY-8. In order to minimize the
size and cost of the new structure, the design team determined that hydraulic conditions
slightly better than existing would be adequate. In other words, an Hw/D ratio equal to
0.90-0.97 would be acceptable. This design exception was determined based on the
fact that Avenue Road is a low volume road and that there has been no signs or reports
of past flooding. The same stream parameters used in the existing structure model were
also used in the proposed structure model. Following is a list of culvert input used for
the proposed structure:

e Aluminum plate pipe arches: 151" x 89” ( 12’-7” span x 7°-5” rise )
e Slope = level

e Mitered ends

e Manning's “n” = 0.034

Aluminum pipe arches were used instead of steel due to the fact that the existing
steel structure only lasted about 40 years. Aluminum pipe arches were used instead of
a concrete structure in order to keep costs down. The above input resulted in an Hw/D
ratio equal to an acceptable 0.96. However, the model does not account for the pipe
arches being buried below streambed 1’-0”. As a solution to this issue, it was
determined that a 13’-1” x 8'-2” pipe arch buried 1’-0” has approximately the same area
as the pipe arch used in the model. Therefore, it is recommended to use (2) 13’-1" x
8’-2” aluminum pipe arches. The results of the analysis are summarized below.
Complete input and output is provided in the appendix of this report.



HYDRAULICS REPORT 14

SUMMARY
Existing Recommended
Structure Structure
(2)11’-5” x 7°-3” (2) 13’-1” x 8’-2”
Stl. Pipe Arches | Alum. Pipe Arches
Total Area of Waterway Opening 128.0 ft? 152.8 ft°
Headwater Elevation @ Q 4 331.2 ft 330.6 ft
Headwater Elevation @ Qg 334.4 ft 333.5 ft
Headwater Elevation @ Qo5 335.3 ft 3345 ft
Headwater Elevation @ Qs 336.1 ft 335.2 ft
Headwater Elevation @ Qqo9 337.0 ft 3359 ft
Headwater Elevation @ Qszg 339.2 ft 338.3 ft
 Hw/D @ Qs 0.98 0.96
Discharge Velocity @ Qy 4 4.7 fi/s 2.5 fi/s
Discharge Velocity @ Qyo 7.3 fis 55 fi/s
Discharge Velocity @ Qas 8.1 ft/s 6.3 ft/s
Discharge Velocity @ Qso 8.7 fis 6.9 ft/s
Discharge Velocity @ Qqqo 9.4 fUs 7.5 fUs
Discharge Velocity @ Qsgo 10.8 f/s 9.3 ft/s

Reported By: Richard E. Myers
Date: January 5, 2010

Plain riprap will be used on the upstream and downstream side-slopes in order to
protect against erosion from road surface water runoff and stream flood water. Riprap
aprons will be used on the upstream end of the culverts as well to protect against
undermining of the culverts. On the downstream end, the natural bedrock will act as
protection against undermining.

Note: All elevations based on North American Vertical Datum (NAVD) of 1988.
Elevations based on the National Geodetic Vertical Datum (NGVD) of 1929 were
converted to NAVD by subtracting 0.604 feet.



APPENDIX C

Hydrology & Hydraulics
Data
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HY-8 Culvert Analysis Report

Existing Pipe Arches



Table 1 - Summary of Culvert Flows at Crossing: Gordon Bridge

Headwater Elevation
(ft)

Total Discharge (cfs)

Culvert 1 Discharge
(cfs)

Roadway Discharge
(cfs)

Iterations

331.23 Q).1 130.50 130.50 0.00 1
331.95 217.30 217.30 0.00 1
332.68 304.10 304.10 0.00 1
333.29 390.90 390.90 0.00 1
333.85 477.70 477.70 0.00 1
334.39 564.50 564.50 0.00 1
334.91 651.30 651.30 0.00 1
335.43 738.10 738.10 0.00 1
335.93 824.90 824.90 0.00 1
336.11 Q50 856.20 856.20 0.00 1
336.95 Q100 998.50 998.50 0.00 1
338.67 1260.22 1260.22 0.00 Overtopping




Table 2 - Culvert Summary Table: Culvert 1

Di;;%t::ge Diizlr\ll:rge H;:S:gﬁr Inlet Control (?0 l:]ttlfél Flow Normal Critical Outlet Tailwater V(gtg::ei:y 1;7;':)’ 2::;
(cfs) (cfs) () Depth (ft) Depth (f) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (#/s) (fs)
130.50 130.50 331.23 2.167 2.233 3-M2t 1.877 1.441 1.617 2:317 4.726 3.926
217.30 217.30 331.95 2.798 2.947 3-M2t 2.499 1.830 2.220 2.920 4.930 4.530
304.10 304.10 332.68 3.331 3.679 3-M2t 3.083 2.208 2.717 3.417 5.901 4.926
390.90 390.90 333.29 3.922 4.289 3-M2t 3.624 2518 3.148 3.848 6.390 5.238
477.70 477.70 333.85 4.389 4.847 3-M2t 4.179 2.829 3.535 4.235 6.859 5.505
564.50 564.50 334.39 4.821 5.391 3-M2t 4.778 3.098 3.891 4.591 7.309 5.734
651.30 651.30 334.91 5.242 5.913 3-M2t 5.480 3.356 4.223 4.923 7.745 5.935
738.10 738.10 335.43 5.667 6.426 3-M2t 7.242 3.614 4.536 5.236 8.172 6.114
824.90 824.90 335.93 6.111 6.932 3-M2t 7.242 3.839 4.832 5.532 8.592 6.275
856.20 856.20 336.11 6.277 7113 3-M2t 7.242 3.920 4.935 5.635 8.743 6.329
998.50 998.50 336.95 7.093 7.948 3-M2t 7.242 4.288 5.381 6.081 9.432 6.561

Site Data - Culvert 1

Site Data Option: Culvert Invert Data

Inlet Elevation (invert): 329.00 ft, Outlet Elevation (invert): 328.70 ft

Culvert Length: 56.00 ft, Culvert Slope: 0.0054

Inlet Station: 0.00 ft

Inlet Elevation: 329.00 ft
Outlet Station: 56.00 ft
Outlet Elevation: 328.70 ft
Number of Barrels: 2

Culvert Data Summary - Culvert 1

Barrel Shape: Pipe Arch
Barrel Span: 136.80in - 11.40’
Barrel Rise: 86.90 in - 7.24’

Barrel Material: Steel Structural Plate

Embedment: 0.00 in
Barrel Manning's n: 0.0340
Inlet Type: Conventional
Inlet Edge Condition: Mitered
Inlet Depression: None




Table 3 - Downstream Channel Rating Curve (Crossing: Gordon Bridge)

Flow (cfs) Wag;\?t‘fgace Depth (f) | Velocity (ft's) | Shear (psf) | Froude Number
130.50 330.32 2.32 3.93 0.62 0.57
217.30 330.92 2.92 4.53 0.78 0.59
304.10 331.42 3.42 4.93 0.92 0.60
390.90 331.85 3.85 524 1.03 0.59
477.70 332.24 4.24 5.50 1.14 0.59
564.50 332.59 4.59 573 1.23 0.59
651.30 332.92 492 5.94 1.32 0.59
738.10 333.24 5.24 6.11 1.40 0.59
824.90 333.53 5.53 6.28 1.48 0.59
856.20 333.63 5.63 6.33 1.51 0.58
998.50 334.08 6.08 6.56 1.63 0.58

Tailwater Channel Data - Gordon Bridge

Tailwater Channel Option: Irregular Channel

Channel Slope: 0.0043

User Defined Channel Cross-Section:
Coord No. Station (ft) Elevation (ft) Manning's n
1 -30.00 338.49 0.1000
2 -25.00 336.10 0.1000
3 -20.00 333.63 0.1000
4 -15.00 331.75 0.1000
5 -10.00 329.94 0.0350
6 -5.00 328.46 0.0350
7 0.00 328.00 0.0350
8 5.00 328.43 0.0350
9 10.00 329.78 0.1000
10 15.00 331.40 0.1000
11 20.00 336.54 0.1000
12 25.00 339.56 0.1000
13 30.00 342.64 0.0000
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HY-8 Culvert Analysis Report

Slipline



Table 1 - Summary of Culvert Flows at Crossing: Gordon Bridge

Headwater Elevation

Total Discharge (cfs)

Culvert 1 Discharge

Roadway Discharge

iterations

(ft) (cfs) (cfs)
331.79 Q1] 13050 130.50 0.00 1
332.64 217.30 217.30 0.00 1
333.37 304.10 304.10 0.00 1
334.04 390.90 390.90 0.00 1
334.68 477.70 477.70 0.00 1
335.31 564.50 564.50 0.00 1
33593 651.30 651.30 0.00 1
336.56 738.10 738.10 0.00 1
337.20 824.90 824.90 0.00 1
337.43 050 856.20 856.20 0.00 1
338.92 Q10p 998.50 986.62 11.78 9
338.67 987.53 987.53 0.00 Overtopping




Table 2 - Culvert Summary Table: Culvert 1

DisTcZ’:r'ge Dﬁgn’:r';e Fleadwater | et Control Sutet | Fiow | Nomal Critical Outlet | Tailwater V‘:l‘g'cen‘y Tva;:‘g’z‘g'
(cfs) (cfs) ) Depth (ft) Depth (ft) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (fUs) (fs)
130.50 | 13050 33179 2.138 2367 | 2M2c | 2011 1.403 1.400 2.317 5510 3.926
21730 | 217.30 332.64 3.040 3219 | 2M2c | 2744 1.903 1.809 2.920 6.272 4530
30410 | 304.10 333.37 3.701 3947 | 3M2t | 3453 2.289 2.297 3417 8.053 4.926
390.90 | 390.90 334.04 4.261 4624 | 3M2t | 4205 2.654 2.728 3848 8.523 5238
47770 | 477.70 334.68 479 5265 | aM2t | 5427 2.977 3115 4.235 9.014 5.505
56450 | 56450 335.31 5.348 5892 | aM2t | 6442 3.289 3.471 4.591 9.505 5734
65130 | 651.30 33503 5.949 6509 | aM2t | 6442 3.570 3.803 4923 9.995 5935
73810 | 738.10 336.56 6.618 7435 | 3M2t | 6442 3.851 4116 5236 10.485 6.114
82490 | 824.90 337.20 7.365 7782 | 3M2t | 6442 4.096 4.412 5532 10.978 6.275
85620 | 85620 337.43 7.654 8.014 | 3M2t | 6442 4.184 4515 5635 11.158 6.329
99850 | 986.62 338.92 8.969 10833 | 7-M2t | 6442 4.543 4.961 6.081 11.850 6.561

Inlet Elevation (invert): 329.42 ft, Outlet Elevation (invert): 329.12 ft

Culvert Length: 56.00 ft, Culvert Slope: 0.0054

Site Data - Culvert 1

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 329.42 ft

Outlet Station: 56.00 ft

Outlet Elevation: 329.12 ft

Number of Barrels: 2

Culvert Data Summary - Culvert 1

Barrel Shape: Pipe Arch

Barrel Span: 114.20in - 1-52°
Barrel Rise: 77.30in - 6.4+ ~
Barrel Material: Steel Structural Plate
Embedment: 0.00 in

Barrel Manning's n: 0.0340

Inlet Type: Conventional

Inlet Edge Condition: Mitered

Inlet Depression: None




Table 3 - Downstream Channel Rating Curve (Crossing: Gordon Bridge)

Flow (cfs) Wag;\?t‘f’t‘;""ce Depth () | Velocity (ft/s) | Shear (psf) | Froude Number
130.50 33032 232 3.93 062 0.57
217.30 330.92 2.92 453 0.78 0.59
304.10 331.42 342 493 0.92 0.60
390.90 331.85 3.85 5.4 103 0.59
477.70 332,24 424 550 114 0.59
564.50 332.59 4.59 5.73 123 0.59
651.30 332.92 4.92 5.04 132 0.59
738.10 33324 5.24 6.11 140 0.59
824.90 333.53 5.53 6.28 148 0.59
856.20 333.63 563 6.33 151 0.58
998 50 334.08 6.08 6.56 163 0.58

Tailwater Channel Data - Gordon Bridge

Tailwater Channel Option: Irregular Channel

Channel Slope:

0.0043

User Defined Channel Cross-Section:
Station (ft)

Coord No.

0 N OO O A W -

- A A a0
w N -~ O

-30.00
-25.00
-20.00
-15.00
-10.00
-5.00
0.00
5.00
10.00
15.00
20.00
25.00
30.00

Elevation (ft) Manning's n

338.49
336.10
333.63
331.75
329.94
328.46
328.00
328.43
329.78
331.40
336.54
339.56
342.64

0.1000
0.1000
0.1000
0.1000
0.0350
0.0350
0.0350
0.0350
0.1000
0.1000
0.1000
0.1000
0.0000
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HY-8 Culvert Analysis Report

Replacement
Twin Aluminum Pipe Arches



Table 1 - Summary of Culvert Flows at Crossing: Gordon Bridge

Headwater Elevation

Total Discharge (cfs)

Culvert 1 Discharge

Roadway Discharge

Iterations

(ft) (cfs) (cfs)

330.56 @1.] 130.50 130.50 0.00 1
331.23 217.30 217.30 0.00 1
331.95 304.10 304.10 0.00 1
332.58 390.90 390.90 0.00 1
333.09 477.70 477.70 0.00 1
333.59 564.50 564.50 0.00 1
334.06 651.30 651.30 0.00 1
334.53 738.10 738.10 0.00 1
334.99 824.90 824.90 0.00 1
335.15 Q50 856.20 856.20 0.00 1
335.91 Q1op 998.50 998.50 0.00 1
338.67 1418.75 1418.75 0.00 Overtopping




Table 2 - Culvert Summary Table: Culvert 1

Di ;‘::rlg . Dgzlr‘: : r'; 5 H;:g:;:s" Inlet Control é)o lﬁ:ﬁ:l Flow Nomal Critical Outlet Tailwater V(::g:;t'y 1;7;':)’33'
(cfs) (cfs) ) Depth (ft) Depth (ft) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (#s) (fs)
130.50 130.50 330.56 2.147 2.550 3-M2t 5.045 1.324 2317 2.317 2.455 3.926
217.30 217.30 331.23 2.781 3.220 3-M2t 7.417 1.421 2.920 2.920 2.907 4.530
304.10 304.10 331.95 3.296 3.936 3-M2t 7.417 2.055 3.417 3.417 4.204 4926
390.90 390.90 332.58 3.754 4.566 3-M2t 7.417 2.342 3.848 3.848 4675 5.238
477.70 477.70 333.09 4.221 5.082 3-M2t 7.417 2.582 4.235 4235 5.118 5.505
564.50 564.50 333.59 4654 5577 3-M2t 7.417 2.823 4.591 4.591 5.539 5.734
651.30 651.30 334.06 5.067 6.051 3-M2t 7.417 3.109 4923 4923 5.945 5.935
738.10 738.10 334,53 5.475 6.516 3-M2t 7.417 3.467 5.236 5.236 6.343 6.114
824.90 824.90 334.99 5.886 6.977 3-M2t 7.417 3.770 5.632 5.532 6.736 6.275
856.20 856.20 335.15 6.037 7.136 3-M2t 7.417 3.839 5.635 5.635 6.877 6.329
998.50 998.50 335.91 6.756 7.900 3-M2t 7.417 4152 6.081 6.081 7.525 6.561
Inlet Elevation (invert): 328.01 ft, Outlet Elevation (invert): 328.00 ft
Culvert Length: 56.00 ft, Culvert Slope: 0.0002
Site Data - Culvert 1

Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft

Inlet Elevation: 328.01 ft
Outlet Station: 56.00 ft
Outlet Elevation: 328.00 ft
Number of Barrels: 2

Culvert Data Summary - Culvert 1

Barrel Shape: Pipe Arch
Barrel Span: 151.00in - 12.58’
Barrel Rise: 89.00 in - 7.42’

Barrel Material: Aluminum Structural Plate

Embedment: 0.00 in
Barrel Manning's n: 0.0340
Inlet Type: Conventional
Inlet Edge Condition: Mitered
Inlet Depression: None




Table 3 - Downstream Channel Rating Curve (Crossing: Gordon Bridge)

Flow (cfs) WatEel;f‘(‘f’t';ace Depth (ffy | Velocity (ft's) | Shear (ps) | Froude Number
130.50 33032 2.32 3.93 062 057
21730 330.92 2.02 453 0.78 0.59
30410 331.42 3.42 493 0.92 0.60
390.90 331.85 3.85 5.4 103 0.59
47770 33224 424 5.50 114 0.59
564.50 332.59 459 5.73 123 0.59
651.30 332.92 4.92 5.94 132 0.59
73810 333.24 5.24 6.11 140 0.59
824.90 333.53 5.53 6.28 148 0.59
856 20 33363 563 633 151 0.58
998 50 334.08 6.08 6.56 163 0.58

Tailwater Channel Data - Gordon Bridge

Tailwater Channel Option: Irregular Channel

Channel Slope:

0.0043

User Defined Channel Cross-Section:
Station (ft)

Coord No.

0 N O oA~ W N -

a A A a0
w N = O

-30.00
-25.00
-20.00
-15.00
-10.00
-5.00
0.00
5.00
10.00
15.00
20.00
25.00
30.00

Elevation (ft) Manning's n

338.49
336.10
333.63
331.75
329.94
328.46
328.00
328.43
329.78
331.40
336.54
339.56
342.64

0.1000
0.1000
0.1000
0.1000
0.0350
0.0350
0.0350
0.0350
0.1000
0.1000
0.1000
0.1000
0.0000
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