Preliminary Design Report, Hydrology and
Hydraulics

MaineDOT Bridge # 2979, Billings Bridge,

Route 117 over Little Androscoggin River in Paris

For VHB and Maine Department of Transportation
March 22, 2017



NHI Paris Billings Bridge # 2979
Preliminary Design H-H Page 1



Preliminary Design Report, Hydrology and Hydraulics
MaineDOT Bridge # 2979, Billings Bridge
Route 117 over Little Androscoggin River in Paris

3-20-17

This report details preliminary design phase hydrologic and hydraulic analysis for the East Main
Street/Route 117 crossing of the Little Androscoggin River in South Paris, Maine. The bridge
location is shown in a Google Map air photo in Figure 1.

Figure 1 Billings Bridge # 2979 Paris, Maine
1.0 Introduction:

Billings Bridge crosses the Little Androscoggin River just downstream of a dam that has
reportedly been in place since the late 1700°s. The existing bridge is comprised of two spans set
on abutments and a single pier, with a total length of 165’ according to MaineDOT’s bridge
inventory. The site includes a number of structures and features that affect flow through the
bridge including an old tailrace and rubble in the channel. Effective flow areas are limited by
some of the structures and/or rubble.

NHI Paris Billings Bridge # 2979
Preliminary Design H-H Page 1



The bridge and dam are close together with a concrete apron at base of dam and rubble in the
bridge channel areas.

Figure 2 Looking across Dam at upstream face of Bridge.

Figure 3 Billings Bridge, Paris. Looking downstream
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Figure 4 Looking at dam just upstream of bridge

Figure 5 Looking upstream at downstream face of bridge and dam face
Options considered in this modeling effort include:

e Single span bridge, 100°, 110’ or 120’ inside width
e Twin span, total span 220’
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e Maintaining the existing substructure and replacing the super structure while removing
excess rubble below the left side of the bridge

2.0 Existing Data Review:

e FEMA Flood Insurance Study and mapping. 100-year flood elevation downstream of the
site is listed as 342 NAVD. Above the bridge, water surface elevation changes rapidly to
the elevation listed above the dam as 350’ NAVD.

Figure 6. FEMA FIRM for project site.

e Aecrial photos, including Google Earth and ESRI databases

e MEGIS data including elevation data, and NHD database

e Data from MaineDOT’s Bridge Inventory including 1938 bridge plans and annual
database of inspections.

e USGS data related to river flows and flooding, including gage number 01057000 and U.S.
G.S. historic flood reports for the 1936 and 1987 floods.
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e Data related to the Billings dam from Maine’s dam safety database

e Town of Paris, Flood Plain Ordinance related to construction in floodways, with the

following wording:

In Zones A1-30 and AE encroachments, including fill, new

construction, substantial improvement, and other development shall not

be permitted in riverine areas, for which a regulatory floodway is

designated on the community's "Flood Boundary and Floodway Map,"

unless a technical evaluation certified by a registered professional

engineer is provided demonstrating that such encroachments will not
result in any increase in flood levels within the community during the
occurrence of the base flood discharge.

3.0 Hydrologic Analysis:

MaineDOT provided hydrologic analysis. Northstar Hydro Inc. reviewed calculated flows and
found that the percent wetlands was too high in the first round of calculations. NHI reviewed
calculations using StreamStats, the USGS Regression Formulas for Maine, and Bulletin
17B/HEC SSP. MaineDOT revised projected flows to reflect revised wetland area with the
following table of flows for comparison. Flows listed in column three were adopted for use in

this study.

Method Historic Flows MaineDOT, FEMA Flood
AT USGS Regression | Insurance Study
Paris Gage (Estimated

historic)

Drainage Area, sq. mi. 73.9 108.5 110

Percent Wetlands 5.85

1.1 year flow, cfs 1610

2-year flow, cfs 2142 3116

10-year flow, cfs 4305 5878 5050

25-year flow, cfs 5505 7409

50-year flow, cfs (Design Discharge) | 6458 8604 7930

100-year flow, cfs (Check Discharge) | 7446 9852 9370

500-year flow, cfs (Scour Check 9881 12948 13300

Discharge)

1936 flood, cfs, approx. 50-year +/- 6890 8946

1953 flood, cfs, approx. 100-year +/- | 7810

1987 flood, cfs approx. 500-year +/- | 9340 11342

(Flood of Record)

Table 1. Summary of hydrologic data

4.0 Hydraulic Analysis:
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Existing and proposed bridges were analyzed to evaluate characteristics of flow under existing
and proposed conditions. Key factors addressed in the hydraulic evaluation include:

e Water surface elevations
e Velocity of flow

4.1 Survey and Model compilation

Site survey was used to build the portion of the geometric model for flow analysis close to the
bridge. Figure 7 shows the site model with cross sections overlying the digital terrain model of
the site.

Figure 7 Billings Bridge HECRAS cross sections based on site survey and digital terrain model.

FEMA compiled a river hydraulic model for their September, 1991 Flood Insurance Study. The
data was furnished by FEMA to NHI in paper format, based on microfiche archives of an older
version of the WSP2 hydraulic model. Several cross sections were extracted from the data for
the most downstream segment of the river. The FEMA map is shown above in figure 6.
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Sections downstream of the site survey were added to the HECRAS model including sections
BW, BX and BY.

Model cross sections were developed based on project survey, local DEM (Digital Elevation
Model from Maine Office of GIS), FEMA hydraulic model and site characteristics. Project
survey in landxml format was provided by VHB and imported by NHI to a GIS database for
import to GeoRAS and HECRAS.

4.1 Model

Hydraulic analysis was conducted using U.S. Army Corps of Engineers model HECRAS,
version 5.0.1. The model was run in steady 1-dimensional flow mode.

The hydraulic model was used to simulate existing and proposed bridge conditions including
three single span and one twin span option. Key hydraulic parameters including water elevation
and flow velocity were derived for design storms via modeling.

4.2 Clearance:

Excerpts from the MaineDOT Bridge Design Guide, Chapter 2, Preliminary Design, Section
2.3.10.2 Hydraulic Analysis give guidance for required clearance as follows:

“Major riverine bridges - A freeboard depth of 4 feet minimum between the bottom of the
superstructure and the backwater elevation should be provided on major river crossings. As
much as 10 feet of freeboard depth should be provided when practical.

“Other riverine bridges — A depth of 2 feet minimum is recommended on smaller streams where
there has been no history of ice jams.

“If providing the desired freeboard depth results in significant environmental and/or property
impacts, a reduced freeboard depth should be investigated with the approval of the Engineer of
Design.

“All bridge-type structures should also be capable of passing the Q100, or the flood of record,
whichever is greater, without any serious harm to the structure, roadway, or adjacent property.
This may be accomplished by allowing an overtopping of the approaches if the structure cannot
be reasonable sized to accommodate the flow, with the approval of the Engineer of Design.
When possible, there should be 1 foot of freeboard at Q100.

“Occasionally, freeboard depths may need to be increased for high waters caused by some
occurrence other than design flow, such as an ice jam, a collapse of a dam, or some construction
that may increase the depth of flowage.”

MaineDOT generally requires 2-4’ of freeboard for the 50-year design storm, depending on
characterization of the bridge. This standard should be reviewed by the project team for final
design.
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4.3 Calibration: The hydraulic model was calibrated using historic flood marks recorded by the
USGS during several storm events. Table 2 summarizes recorded flood marks near the project

site.
HECRAS FEMA

Flow Rate at gage, Approximate model, w/est | Flood levels
April, 1987 Flood cfs Frequency flow rates
S. Paris Gage, 73.9 sq mi 9340 | close to 500-year
Auburn Gage, 328 sq. mi. 10300 | approx 100-year

Elevation, ft NGVD Elevation, ft
Location elev NAVD
Headwater, billings dam 350 349.4 350.1 351.0
50' DS of route 117 344.0 344.0
bridge 344.6 344
US of RR 334.5 333.9 331.0
DS of RR 333.6 333 3337
September, 1936 Flood | Flow Rate, cfs Approx Frequency
S. Paris Gage 6980 | approx 75 year
Auburn Gage 9280 | approx 50 year

Elevation, ft. NGVD | Elevation, ft
Location elev NAVD approx
Headwater, Billings Dam 349.6 348.9 349.1 349.5
275' DS of dam 342.5 341.8 3413 341.0
DS of RR (4800’ DS of 332.0
dam) 3423 341.6

Table 2. Summary of Historic Flood Marks. HECRAS hydraulic model calibration data
results are shown in the column 4 and FEMA flood elevations are included in column 5 for the

existing bridge model.

4.4 Modeled structures:

The existing bridge was modeled with the old tailrace channel assumed to be ineffective flow
and a center pier. Figure 8 shows the model representation of the upstream face section of the

bridge.
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SouthParis  Plan: Ex-CalibratedSlope  12/5/2016
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Figure 8. Existing bridge, upstream face section. Section is plotted facing downstream. The left channel shows impact of rubble.

The model representation of the upstream face of the proposed single span bridge with a 120’
span is shown in figure 9 and the model representation of the twin span bridge is shown in figure
10. Figure 11 shows the model representation where the existing foundation components are
maintained, the bridge is widened upstream and rubble is cleared from the channel on the

easterly side of the bridge.

SouthParis Plan: Single120-CalibratedSlope  12/5/2016
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Figure 9. 120'single span. Section is plotted facing downstream.
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SouthParis

Plan: Twin-CalibratedSlope 12/5/2016
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Figure 10. Proposed Twin Span Bridge section, upstream face, plotted facing downstream.
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SouthParis  Plan: FINALExsubNewSuper  3/16/2017
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Figure 11: Proposed Bridge section maintaining existing substructures and removing excess rubble, upstream face, plotted

facing downstream.

NHI Paris Billings Bridge # 2979
Preliminary Design H-H Page 10




Model results are summarized in table 3 below.

Summary of Hydraulic Existing | Proposed | 110’ 120° Twin EX with
Data Bridge | Bridge single | single span restored
Billings Bridge, Paris 100’ span | span span channel, new
deck
346.9- 345.3- | 345.3- 344.8- 346.1-

Low Chord, ft NAVD 347.5 3465 | 3465 | 3460 | 3471 | >40°-3478

. 139 DS — 139 DS - 157
Width at Q100, ft 157 US 100 110 120 98-122 US
Flood of Record, 1987, 344.7/
approx. 100-year, at 34 4 2 344.6/ 344.7
stillwater location (EGL) '
Headwater at Q25, ft, 340.7 340.8 340.7 340.7 340.9 340.6
Headwater at Q50, ft, 341.8 342.0 341.8 341.8 342.0 341.7
Headwater at Q100, ft, 342.9 343.0 342.9 342.9 343.1 342.7
Discharge Velocity at Q25, 75 23 75 73 8.7 6.7
fps- average channel
Discharge Velocity at Q50, 77 8.7 78 75 9.0 6.9
fps — average channel
Discharge Velocity at Q100, 2.0 9.0 21 78 93 79
fps — average channel
Ordinary High Water
Elevation (Q1.1) 334.1 334.2 334.1 334.1 3343 333.9
gls“harge Velocity at QL.1, 6.6 7.0 6.4 6.2 7.8 4.8
Clearance @ Q25, ft 6.2 4.5 4.6 4.1 5.2 5.9
Clearance @ Q50, ft 5.1 3.3 3.5 3.0 4.1 4.8
Clearance @ Q100, ft 4.0 2.3 2.4 1.9 3.0 3.8
Bridge Opening Area, ft? 1834 1502 1645 1644 1545 1983
Flow Area at Q100, ft? 1236 1096 1215 1258 1058 1367

Table 3. Summary of Hydraulic Data

5.0 Scour Analysis:

Scour is not expected to be a major issue due to the presence of bedrock at all bridge

foundations. However, rock competence related to stream power should be reviewed as

recommended in MaineDOT’s hydraulic manual and HEC 18 for final design. It is
recommended that scour inspection and field data related to scour be reviewed for final design in
relation to re-using the existing substructure.

For a replacement substructure, rock scour would be considered. If the existing substructure is to
be re-used, field and file data related to scour would be reviewed as part of the final design
process to assure that scour is not occurring at the existing pier. The following discussion
applies to new structures or if field inspection finds reason to suspect rock scour. The data is
obtained via rock cores overseen by a geotechnical engineer.
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Rock scour primarily applies at piers. If no pier is to be used, rock scour is not likely. The
following rock quality data will assist in evaluating the potential for scour of rock during storms
and in the event of dam failure:

e RQD or drill core quality

e Unconfined Compressive Strength, MPa or Mass Strength Number of rock
e Number of joint sets in rock

¢ Information on joint roughness and alteration

e Joint orientation (estimated from surface outcrops)

An estimated index of erodibility would be developed based on these parameters. The
Erodibility Index is then compared to Stream Power in the reach of river just upstream of the
bridge.

The dam is listed as Low Hazard by MEMA and was last inspected in 1981 according to the
MEMA dam database. Dam failure could cause different hydraulic conditions just below the dam
with much higher flows than normal storm flows. Scour evaluation related to potential failure
should be discussed as part of the final design process.

6.0 Summary:

e The existing 139’-157 channel opening at the bridge includes a center pier. Preliminary
design options evaluated included single span, a twin span, and a deck only replacement
option. The existing span is listed as 165 total with the tailrace.

e The project site has complex flow dynamics with a bridge, old tailrace channel, old stone
channel walls, split flow below the bridge and a dam above the bridge. Dam remnants
including the old tailrace channel and rubble in the channel within the bridge section. In
addition, the abutment walls are skewed to flow such that upstream and downstream
bridge sections are not the same width.

e The Town of Paris Flood Plain Ordinance does not allow for any increase in flood
elevations with channel encroachment

e Hydrologic analysis for the site was provided by MaineDOT using the USGS Regression
formula with gage weighting for the drainage area of 108.5 square miles. FEMA FIS
flows are similar to flows used for this study.

e The HECRAS model was used for hydraulic analysis and was built using a combination
of site survey and downstream data extracted from the original FEMA model built with
software predating model WSP2.

e The HECRAS model at the site was calibrated using flood marks from the floods of 1987
and 1936. These flood marks indicate that the site is affected by backwater from
downstream structures.

e Preliminary design evaluated the following options. Potential upstream change in 100-
year flood level is shown for each option.

0 Existing N/A
0 100’ single span 0.1’ rise
0 110’ single span 0.0’ rise
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0 120’ single span 0.0’ rise

0 Twin span 0.2’ rise

0 Existing Substructure, Cleared channel and New Superstructure. -0.2’ rise.
Scour is not expected to be a design issue at the site due to shallow to surface bedrock.
For final design, it is recommended to obtain bedrock quality information, and that scour
inspection data and field data related to scour be reviewed for the existing foundations.

NHI Paris Billings Bridge # 2979
Preliminary Design H-H Page 13



7.0 References

Town of Paris. Flood Plain Management Ordinance.
https://www.parismaine.org/documents/ordinances/floodplain-management-ordinance/

Federal Emergency Management Agency. Flood Insurance Rate Map, Oxford County, Maine.
July 7, 2009. Panel 1232 of 1570

U. S. Dept. of the Interior, Geological Survey, with Maine Dept. of Transportation. Estimating
the Magnitude and Frequency of Peak Flows for Streams in Maine for Selected Recurrence
Intervals. Water Resources Investigations Report 99-4008.

U.S. Army Corps of Engineers, Hydrologic Engineering Center. HEC-RAS River Analysis
System. Version 5.0.1. April, 2016. Davis, CA

U.S. Department of Transportation. Federal Highway Administration. Evaluating Scour at
Bridges, 5" edition. HEC-18. April 2012 , Publication No. FHWA-HIF-12-003

U.S. Department of Transportation. Federal Highway Administration. Bridge Scour and Stream
Instability Countermeasures. HEC-23. Volume 2. September, 2009. FHWA-NHI-09-112 . DG
14, Rock Riprap at Bridge Abutments and DG 4, Riprap Revetment

Maine Dept. of Transportation. Bridge Design Manual. August 2003

U.S. Dept. of Transportation. Design of Riprap Revetment. HEC No. 11. FHWA IP-89-016,
March 1989

ESRI ArcMap, ArcGIS Desktop, Version 9.3.1, 2009. Arcview license. Data added from
MEGIS website, project plans and ESRI

U.S. Army Corps of Engineers. Cold Regions Research Engineering Lab, CRREL. On-line ice
jam database. http://icejams.crrel.usace.army.mil/

USGS Gage record, Gage Number 01057000, Little Androscoggin River near South Paris.
http://waterdata.usgs.gov/usa/nwis/uv?01057000

U.S. Dept of the Interior, Geological Survey. Flood of April, 1987 in Maine. WSP 2424. In
cooperation with MaineDOT.

U.S. Dept of the Interior, Geological Survey. The Floods of March 1936. Part 1. New England
Rivers. Washington, DC 1937

U. S. Dept. of the Interior, Geological Survey. Interagency Advisory Committee on Water Data.
Guidelines for Determining Flood Flow Frequency. Bulletin 17B. Sept 1981, March 1982 edits.
http://water.usgs.gov/osw/bulletin1 7b/dl_flow.pdf. and

Peak FQ Version 7.1.28513 .https://acwi.gov/hydrology/Frequency/b17 swfaqg/EMAFAQ.html

U.S. Geological Survey. Office of Surface Water. Flood Frequency Analysis Based on Bulletin
17B and recommendations of the Advisory Committee on Water Information (ACWI)

NHI Paris Billings Bridge # 2979
Preliminary Design H-H Page 14



Subcommittee on Hydrology (SOH) Hydrologic Frequency Analysis Work Group (HFAWG).
http://water.usgs.gov/software/PeakFQ/ March 14, 2014.

HEC SSP Version 2.1.00.137 July, 2016. Statistical Software Package.
http://www.hec.usace.army.mil/

U.S. Dept of the Interior. Geological Survey. StreamStats Version 3.0
http://streamstatsags.cr.usgs.gov/v3_beta/

NHI Paris Billings Bridge # 2979
Preliminary Design H-H Page 15



Appendix:
Calibration Model Run, 1987 and 1936 storms, Profile Pages 1-3
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