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1.0 Introduction 

The bridge that carries Route 121 in Oxford over the Little Androscoggin River is known as the 
Oxford Covered Bridge, Maine DOT # 3738.  This report details hydrologic, hydraulic and scour 
analyses performed as part of the preliminary design process.   

The existing bridge is a 170’ long, three span steel girder bridge with spans of 47’-6”, 75’ and 
47’-6”.  The abutments and easterly pier are founded on timber piles.  The westerly pier was 
revised from pile supported to a spread footing during construction.  This bridge is listed as scour 
critical by Maine DOT.  The pictures below show the easterly and westerly piers, respectively.  
Note the evidence of soil erosion near the piers.  

 

Easterly pier above, westerly pier below.  
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The site location is shown on the topographic map below.  Route 121 crosses from northeast to 
southwest.  The floodplain is widest on the easterly side of the bridge.   A home on the easterly 
downstream side of the bridge has experienced flooding from the river in the past, but this 
flooding is not caused by the bridge.   The home is located in a low area about 275’ east of the 
bridge along route 121.  The property floods from river backwater before water overtops Route 
121 in front of the home.  According to local residents, flood waters did overtop Route 121 but 
not the bridge in 1953 and 1987.   

The bridge is about 400’ upstream of the Thompson Lake Stream confluence.   

 

2.0 Existing Data Review 

Existing data reviewed for this site includes:  
• Air photos (GIS based) 
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• Topographic maps 
• Historical flood records for the 1987 and 1936 floods published by the U.S. Geological 

Survey is shown in Table 1 below.  
 
Flood  Approx 

Frequency 
Elevation D.S. 
of Bridge, 
NAVD 

Elevation U.S. 
of Bridge, 
NAVD 

Notes 

1936 >100 310.8 312.2 Old Bridge 
1987 250 311.0 311.1 Existing Bridge 
Table 1.  Historical Flood Data. 

• Maine DOT Scour Plan of Action (POA), prepared by T.Y.Lin International in 2010.   
This report identified this bridge as “scour critical” and recommended bridge monitoring 
during floods when water level reaches within 5’ of the low chord of the bridge and 
bridge closure when water level reaches within 3’ of the low chord.  The low chord of the 
bridge ranges from 312.1 to 314.8, so monitoring would occur around elevation 307, and 
closure at about 309.2’.  (The 100-year flood elevation at the existing bridge is calculated 
to be 310.3 downstream and 311.5’ upstream – see hydraulics section below).   
 
The photo below shows the placard installed by MDOT to indicate water levels that 
would trigger monitoring (yellow) and/or closure (red).  
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The scour POA report identifies both piers as scour critical, but not the abutments. The 
Scour POA used the following flow distribution (slightly lower than FEMA or MDOT).  

Frequency Flow, cfs 
10-yr 6,397 
50-yr 9,470 
100-yr 10,834 
500-yr 14,260 

Table 2.  Scour POA flow data 
 

• Federal Emergency Management Agency, Flood Insurance Study for Oxford County, 
prepared in July of 2009.  According to FEMA, the 1936, 1953 and 1987 floods had 
recurrence intervals of 50, 100 and greater than 100-years respectively.  

FEMA lists the drainage basin at this location as 152.0 square miles and publishes the 
following data for this location:  

Frequency Flow, cfs Downstream Elevation, 
NAVD 

Upstream 
Elevation, NAVD 

10-yr 5,650 307. 308.0 
50-yr 8,940 310. 310.5 
100-yr 10,600 310.3 311.5 
500-yr 15,300 314. 314.3 
Table 3.  FEMA Flow and elevation data 

Flows from Thompson Lake outlet stream are listed by FEMA as 1880 cfs for the 50-year 
storm and 2200 cfs for the 100-year storm, with a drainage area of 47.7 square mile.  This 
represents about 20% of the flow in the Little Androscoggin River, although times of 
peak may not coincide.   As described in the hydrology section below, flows 
recommended by MDOT were used for the HECRAS model.  For final design, the impact 
of slightly higher flows at the first model cross section (Q100 and 500 only) should be 
checked.  For this model, the impact was accounted for in the starting water surface 
elevations based on FEMA flood profile data.  

3.0 Hydrology 

Maine DOT provided the flow-frequency analysis for this bridge, with a drainage area of 152.3 
square miles.   MDOT flows are more conservative than FEMA and the scour POA (i.e. the 100-
year MDOT flows are larger than the FEMA and scour POA flows).  
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Frequency MDOT 
Flow, cfs 

Comparable to FEMA 
frequency/flow 

Scour POA frequency 

1.1-yr 2093.2   
2-yr 3935.9   
5-yr 5835.5 10-year (5,650 cfs)  
10-yr 7211.7   
25-yr 8991.6 50-year (8,940 cfs)  
50-yr 10367.1 100-year (10,600 cfs) 100-year (10,834 cfs) 
100-yr 11811.3   
500-yr 15351.6 500-year (15,300 cfs)  
Table 4.  Maine DOT Flow Data comparison to FEMA and POA 

Table 5 summarizes hydrologic data for this bridge:  

Drainage Area 152.3 square miles 
Design Discharge (Q50) 10367 cfs 
Check Discharge (Q100) 11811 cfs 
Scour Check Discharge (Q500) 15352 cfs 
Ordinary High Water (Q1.1) 2093 cfs 
Flood of Record (>Q100) 1987 flood, discharge at site 

not known 
Table 5.  

4.0 Hydraulics 

The goal of the hydraulic analysis is to provide information on water levels, flow velocities and 
scour variables at the Oxford Bridge.  The hydraulic information assists in design of bridge 
elevations and foundation components.  A hydraulic model of the Oxford Covered Bridge was 
developed to simulate existing and proposed conditions at the bridge.  Model HECRAS was used 
to model flow conditions through the bridge.  Model cross sections were compiled using data 
from field survey, project plans and USGS topographic maps.  Cross section locations are shown 
in the air photo on the following page.  

The new bridge will have two 85’ spans centered on a pile bent pier.  The bridge abutments are 
skewed approximately 13o to the flow.  The pile bent pier will be skewed 7.5 degrees to the flow, 
as shown in the appendix.   
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Model sections are shown in yellow.  The existing bridge is at station 10+00 and the new bridge 
centerline is at station 10+63.  Sections were compiled from data provided as part of the Scour 
POA and from project survey.  The existing bridge section is based on the scour POA and 
existing bridge plans.  This photo also shows the constriction in the flood plain caused by the 
existing bridge, easterly abutment.  The low area on the easterly approach is at about elevation 
310.96’.  Contours and potential flooded areas are shown on the following page.  The river 
“backs” into this location from downstream, rather than crossing the road upstream and flowing 
over the road, unless flood elevation is higher than 310.96’.   
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In this drawing, the river flows from top to bottom of the picture and the easterly abutment is in 
the upper right corner.  Elevation 308 is shaded in.  Elevation 310 is shown as a red contour.   

Existing and proposed bridges were modeled.  Detailed model information is included in the 
appendix.  The following table summarizes design data for the 170’ twin span bridge as well as 
for the existing bridge.  
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Location Existing Bridge Proposed Bridge – two 85’ spans  

  Elevation 
Ave 
Velocity 

Max 
Velocity 

Flow 
Area Elevation 

Ave 
Velocity 

Max 
Velocity 

Flow 
Area 

  ft NAVD fps fps sq ft ft, NAVD fps fps sq ft 
100' DS of existing 
Bridge                 
Model Section 900 

   
900 

   1.1-yr 302       302       
10-yr 308.7       308.7       
25-yr 309.5       309.5       
50-yr 309.5       309.5       
100-yr 310.2       310.2       
500-yr 312.6       312.6       
DS Face of Bridge                  
Model Section 1000 DS 

   
1063 DS 

   1.1-yr 302.1 3.4     302.1 3.3 
  10-yr 308.8 5.6     308.9 4.8 
  25-yr 309.6 6.5     309.8 5.5 
  

50-yr 309.6 7.4 9.2 
146

1 309.9 6.3 8.2 1643 

100-yr 310.3 8 9.8 
155

7 310.6 6.7 8.7 1759 
500-yr 312.9 8.3     313.1 7.2 

  US Face of Bridge                 
Model Section  1000 US 

   
1063 US 

   1.1-yr 302.1 3.3     302.7 3.2 
  10-yr 308.8 5.6     309.4 4.8 
  25-yr 309.6 6.5     309.8 5.5 
  

50-yr 309.7 7.5 8.8 
144

2 309.9 6.4 8.0 1630 

100-yr 310.4 8.1 9.5 
153

2 310.6 6.9 8.5 1745 
500-yr 312.9 8.5     313.1 7.5 

  150' US of Existing 
Bridge                 
Model Section  1150 

   
1150 

   1.1-yr 302.2       302.8       
10-yr 309.1       309.5       
25-yr 310       310.0       
50-yr 310.2       310.2       
100-yr 311       311.0       
500-yr 313.5       313.5       
Table 6.  Hydraulic Data 
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Hydraulic data is summarized below.  Elevation data is listed for a common point, 150’ upstream 
of the existing bridge, and at the upstream face of each bridge.  Note that the new bridge is 
upstream of the existing bridge, so elevations at the face of each bridge may differ.  

 Existing Bridge (section 1000) Proposed Bridge (section 1063) 
Headwater at Q50  
(section 1150) 

310.2 310.2 

Headwater at Upstream face 
(Q50) 

309.7 309.9 

Headwater at Q100 
(section 1150) 

311.0 311.0 

Headwater at Upstream face 
(Q100) 

310.4 310.6 

Discharge Velocity at Q50 9.2 6.9 
Discharge Velocity at Q100 9.8 7.3 
Ordinary High Water 
Elevation (Q1.1) 

302.1 302.7 

Discharge Velocity at Q1.1, 
fps 

3.4 3.4 

Clearance @ Q50 2.4 - 5.1’ Left to Right 2.2-5.6’ Left to Right 
Clearance @ Q100 1.3 – 4.0’ Left to Right 1.2-4.6’ Left to Right 
Bridge Opening Area, ft2 1904  2085 
Flow Area at Q100 1530 1632 
Table 7.  Summary of Hydraulic Data 

The proposed bridge will have the following impacts for improved hydraulic conditions:  

• Lower headwater upstream of new bridge for Q50 and Q100 
• Better clearance at high flows, better for potential ice impacts 
• Decreased velocity through bridge opening  
• Larger hydraulic opening (one pier and wider section) decreases velocity (less scour) and 

lowers flood levels, as well as improves conditions for potential ice impacts.  

5.0 Scour 

The scour POA report studied expected scour for the existing bridge, calculating potentially 
critical scour levels at both piers, but not at abutments.  Abutments are protected by riprap in fair 
condition.  Existing bridge scour plots are included in the appendix.    

Existing bridge scour plots indicate possible aggradation in the streambed, based on comparing 
the 1940 bridge plans and measured sections at up- and down-stream faces of the existing bridge. 
Because the stream is apparently aggrading, no adjustments were made to scour calculations for 
aggradation/degradation.  Stream geomorphology indicates potential meandering and channel 
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migration approximately 2000’ upstream and 1800’ downstream of the bridge, but the bridge 
segment of channel appears to be well-incised and stable with vegetated banks and no recent 
bank scarring observed.  The scour POA did not discuss potential for channel migration as an 
issue.  The stable reach of river near the bridge and the up- and down-stream meanders are 
shown in the topographic map below.  

 

Based on data gathered for the bridge replacement study, bed elevation at the left pier is 296.4-
297.9 and at the right pier is 296.5-297.2.  For the existing bridge, the following potential scour 
depths below stream bed level were computed in the scour POA:  

    50-year depth  500-year depth 

Left Abutment   0   0 
Left Pier   17.3   21.3 
Right Pier   17.0   21.0 
Right Abutment  0   0 
 
The report notes that “Abutment scour was not computed.  Abutments are located near the top of 
slope, are supported on piles and slopes are protected by riprap in fair conditions.  Pier scour 
governs critical scour condition for the bridge.”   
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Potential scour was computed for the proposed 170’ two-span bridge.  Geotechnical data for the 
bridge indicates wet brown, fine to coarse sand, with a trace of silt.  D50 and D95 were based on 
data from Boring number BB-OLAR-202, provided by MDOT.  MDOT provided estimates of 
D50 and D95 of 0.7mm and 2.0 mm respectively, in an email to Becker Structural dated 9/17/13.  
Samples were collected for this boring at 0-2’, 10-12’, 15-17’ and 25-27’.  Sieve analysis for the 
top three samples yielded D50 of 0.67 mm and 2.7 mm for D95.  Values of 0.67 mm and 2 mm 
were used for scour analysis per recommendations of MDOT geotechnical engineers. 

Abutment, contraction and pier scour were computed.  The potential for abutment scour is low 
since abutments are set near top of bank, and bank protection is provided.  Table 3 summarizes 
scour analysis results.  Note that abutment and pier scour computations do not take scour 
protection into account, so these values are conservative. Abutments are assumed to be 
“spillthrough” and the pier is assumed to be “round nose” for purposes of scour computations.  

Several key assumptions were assigned to the pier to calculate conservative scour values. Pier 
scour variables were assigned as follows: 
 
• Pier geometry: 6 - 2.5’ diameter piles 
• Pier alignment: 7.5 degrees to flow 
• Projected pier width due to skew: approximately 6.6’ 
• Pier width with debris: 3.125’ (without skew) 
• K2 coefficient used to account for skew 
• K1 for round nosed pier 
• K3: 1.1 
• Length of Pier = 6 X 2.5 = 15’ 
• Y1, depth of flow upstream of pier from HECRAS 
• V1, velocity just upstream of pier, used maximum velocity from flow distribution 
calculation from HECRAS 
 
Pier Scour Equation 7.1 from FHWA HEC-18, 5th Edition, April, 2012 
 
Ys = a X 1 X K1 X K2 X K3 X (Y1/a).35 X Fr 0.43.  
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Scour Calculations 

Computed 
scour 
depth, ft 

 

 

Approx. 
Scour 
Elevation, 
ft 

  

  
50-year 100-

year 
500-
year 

50-year 
 

100-
year 

500-year 

Contraction Scour 1.2 0.9 0.0    
Left Abutment1  (306.0’) 5.8 7.1 11.0 300.2 298.9 295.0 
Right Abutment1 (309.3’) 6.0 2.2 5.2 303.3 307.1 304.2 
Pier Scour (296.0’) 11.4 11.8 12.6    
Total Scour at Pier 12.6 12.7 12.6 283.4 283.3 283.4 

 
1.  Note that abutment scour is conservative, and does not account for scour protection such as 
riprap.  Note also that abutments are near top of slope and set back within embankment.  
Table 8. Scour Summary 

5.1  Scour Protection at Abutments 

Riprap scour protection was designed for the abutments according to design guidance provided 
in the MDOT Bridge Manual, and in FHWA publications HEC-23 and HEC-11.  Riprap 
revetments at each abutment will use heavy riprap with a mounded toe as shown on the bridge 
section (appendix page 31).  Design backup is included in the appendix, pages 62-71.  
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Appendix 
Calculations and Background Material 

Hydrology         

• Historic data, floods of March 1936 and April, 1987  pages 1-2 
• FEMA Flood Study Data from Oxford County Study pages 3-5 
• Maine DOT Flow calculations    page 6 

Geotechnical  

• Report Borings      pages 7-8 
• Sieve Analysis and Geotechnical Recommendations  pages 9-10 

Hydraulics and Scour Existing Bridge 

• HECRAS Output      pages 11-18 
• Existing Bridge Section     page 19 
• Scour data, POA Report     pages 20-22 

Hydraulics and Scour Proposed Bridge 

• HECRAS Output      pages 23-30 
• Page 31 Bridge Profile showing riprap at abutments  page31 
• Pier Scour Computation Summary    pare 32 
• FHWA, HEC-18 Equation 7.1 calculation of pier scour pages 33-34 
• HECRAS Bridge Section plot     page 35 
• Pier Skew diagram      page 36 
• Projected width of pier due to skew    page 37 
• Drawing of proposed pile cap pier    page 38 
• HECRAS scour computations    pages 39-44 
• Riprap Design       pages 62-71 
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Table 12.- - Flood-crest stages for April 1987 flood in Maine--Continued 

~~;~~OSCOGGIN RIVER BASIN--Continued 

~iles :.:.pstreama 
from mouth 

Litt le A....-~C.=cs=::~;:.:-_ '?.:.·.-e.=--:::-.:.-.:-.·..:. ::. : 

a 

68.6 

68.6 

West Paris, Maine , :: .s. :c:_:;; o :;;._ :~:-:ey station 01057000, head of island 50 feet 

66 . 9 

West Paris, Mai~e , 3~ =e::. ~~s:==~ ==== 3:.sco Falls Dam at former site of 

U.S. Geological S:.:.~.:e: .:-:•:.:..:::. :::;.- : : ·.: 65 .6 

e levations 60.8 

Paris , Maine , ==:..::. ~e , ::::ig"-t: bank 60.8 

Paris , Maine , o~e::::age of left and right bank 

elevat ions 60.5 

bank eleva -:.:..c:-.s 60.5 
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Paris , Mai~e , s:: =e:e:. =.c · .. -:-. .s :.=~ a..::. 

Paris , Maine, do'tJilstream side =a..:..~==a.:. :=:=-~= a:::::=:.g.; ~ - _e =:. ar..c. r ight bank 

elevations 

Oxford , Maine , upstream side Route 26 O=:.C;e , ==-;~:. ~A=~ 

Oxford, Maine, downstream side Route 26 O=:..Cge , •~e=-ge ~= ~ei ~ anC right bank 

elevations 

Oxford, Maine, upstream side Route 121 bridge , a~e::::oge c= :e =~ and right bank 

elevations 

Oxford, Maine , downstream side Route 121 bridge, average of left and right 

bank elevations 

Oxford, Maine, upstream side Route 26 bridge near Welchville , average of left 

~~d righ~ bank elevations 

From Grove::: (1937, table 15). 

60.2 

59.3 

59 .3 

56 .9 

56.9 

52 .0 

52 . 0 

49.6 

ai Elevat ion of dam crest 342.7 feet (Federal Emergency Management Agency, 1991c ) . 

63 

Elevation 
(in feet ) 

.!.SS.' 

46.!:.7 

459 . 2 

407 . 5 

353.5 

352.8 

351.5 

350.7 

350.oai 

344.6 

334.5 

333.6 

325.4 

325.1 

3]1.8 

311. 7 

3C7.9 

151 sq tvJ 
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OXFORD COUNTY, 
MAINE 
(ALL JURISDICTIONS) 
VOLUME 1 OF 3 

COMMUNITY NAME 
ADAMSTOWN T04 R02 WBKP, TOWNSHIP OF' 
ALBANY, TOWNSHIP OF' 
ANDOVER NORTH SURPLUS, TOWNSHIP OF* 
ANDOVER WEST SURPLUS, TOWNSHIP OF* 
ANDOVER, TOWN OF 
BATCHELDERS GRANT, TOWNSHIP OF' 
BETHEL, TOWN OF 
BOWMANTOWN T04 R06 WBKP, TOWNSHIP OF' 
BROWNFIELD, TOWN OF 
BUCKFIELD, TOWN OF 
BYRON, TOWN OF 
C SURPLUS, TOWNSHIP OF* 
CANTON, TOWN OF 
DENMARK, TOWN OF 
DIXFIELD, TOWN OF 
FRYEBURG, TOWN OF 
GILEAD, TOWN OF 
GRAFTON TA2, TOWNSHIP OF' 
GREENWOOD, TOWN OF 
HANOVER. TOWN OF 
HARTFORD, TOWN OF 
HEBRON, TOWN OF 
HIRAM, TOWN OF 

COMMUNITY NUMBER 
230688 
230606 
230689 
230690 
230160 
230459 
230088 
230691 
230089 
230090 
230330 
230692 
230091 
230476 
230092 
230093 
230166 
230607 
230332 
230333 
230334 
230335 

LINCOLN PLANTATION T5R2WBKP, TOWNSHIP OF* 
LOVELL, TOWN OF 

230094 
230604 
230336 

LOWER CUPSUPTIC T04 R03 WBKP, 
TOWNSHIP OF' 

L YNCHTOWN T05 R04 WBKP, TOWNSHIP OF' 
MAGALLOWAY PLANTATION' 
MASON, TOWNSHIP OF* 
MEXICO, TOWN OF 
MIL TON, TOWNSHIP OF 
NEWRY, TOWN OF 
NORWAY, TOWN OF 
OTISFIELD, TOWN OF 

230693 
230694 
230605 
230695 
230095 
230460 
230337 
230096 
230203 

Oxford County 

~ 

COMMUNITY NAME COMMUNITY NUMBER 
OXBOW T04 R05 WBKP, TOWNSHIP OF' 230696 
OXFORD, TOWN OF 230869 
PARIS, TOWN OF 230097 
PARKERTOWN T05 R03 WBKP, TOWNSHIP OF* 230697 
PARMACHENEE T05 R05 WBKP, TOWNSHIP OF' 230698 
PERU, TOWN OF 230098 
PORTER, TOWN OF 230338 
RICHARDSONTOWN T04 R01 WBKP, 

TOWNSHIP OF' 
RILEY TA1 , TOWNSHIP OF* 
ROXBURY, TOWN OF 
RUMFORD, TOWN OF 
STONEHAM, TOWN OF 
STOW, TOWN OF 
SUMNER, TOWN OF 
SWEDEN, TOWN OF 
TOWNSHIP C. TOWNSHIP OF' 
UPPER CUPSUPTIC T04 R04 WBKP 

TOWNSHIP OF' 
UPTON, TOWN OF 
WATERFORD, TOWN OF 
WEST PARIS, TOWN OF 
WOODSTOCK, TOWN OF 

'NO SPECIAL FLOOD HAZARD AREAS IDENTIFIED 

230699 
230700 
230181 
230099 
230340 
230186 
230187 
230341 
230701 

230702 
230342 
230343 
2301 00 
230344 

July 7, 2009 

Federal Emergency Management Agency 
FLOOD INSURANCE STUDY NUMBER 
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TABLE 7 - SUMMARY OF DISCHARGES (continued) 
PEAK DISCHARGES (CUBIC FEET PER SECOND} 

DRAINAGE 
AREA 10-PERCENT 2-PERCENT 1-PERCENT 0.2-PERCENT 

FLOODING SOURCE AND (SQUARE ANNUAL ANNUAL ANNUAL ANNUAL 
LOCATION MILES) CHANCE CHANCE CHANCE CHANCE 

Little Androscoggin River-
continued 

Upstream of confluence 

of Waterhouse Brook 231.0 6,540 10,400 12,400 18,200 
At State Route 26 Bridge 

(In Village ofWelchville) 216.0 6,390 10,200 12,100 17,700 
Upstream of confluence of 

Thompson Lake outlet 152.0 5,650 8,940 10,600 15,300 
At State Route 26 Bridge 

(in Town of Oxford) 142.0 5,520 8,720 10,300 14,800 

Upstream from State 

Route 26 in Oxford 142.0 5,520 8,720 10,300 14,800 

Upstream from confluence 

of Pennesseewassee Brook 110.0 5,050 7,930 9,370 13,300 

Upstream from confluence 

of Stony Brook 93.6 4,770 7,470 8,810 12,500 
Upstream from confluence 

of Cole Brook 77.4 4,460 6,960 8,190 11,500 
At West Paris-South Paris 

corporate Limits 75.8 * * 6,540 * 
At USGS gaging station 

at Snow Falls 73.5 * * 6,540 * 
Upstream of confluence 

of Moose Brook 57.5 * * 5,370 * 
Upstream of confluence 

of Andrews Brook 41.0 * * 4,100 * 
At West Paris-Greenwood 

corporate Limits 39.5 * * 4,000 * 

Mill Brook 

At U.S. Route 2 9.4 600 1,200 1,500 2,200 

At State Route 5 9.0 600 1,200 1,500 2,100 

At Confluence with 

Ossipee River 14.1 730 1,190 1,445 2,165 

*Data not computed 

36 
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) ) ) 

Project Name: Oxford PIN: 19268.00 

Stream Name: Little Androscoggin Town: Oxford -
Bridge Name: Covered Bridge No. 3738 -
Route No. 121 USGS Quad: 

Analysis by: M. Lickus Date: 12/1/2011 

Peak Flow Calculations by USGS Regression Equations (Hodgkins, 1999) 

A 
w 

Pc 375018.81 49055281 
County Oxford W J 

pptA 45.21 
SG 0.071 

A (km2
) ~ W(%) 8 

Ret Pd Peak Flow Estimate 

T (yr) Lower QT (m3/s) 
1.1 59.28 

2 80.01 111.47 
5 118.22 165.26 

10 144.81 204.24 
25 178.20 254.65 
50 203.22 293.60 

100 228.91 334.50 

500 288.57 434.77 
---------

Conf Lvl I 0.671 

Upper 

155.29 
231 .03 
288.05 
363.88 
424.19 

488.82 

655.02 

Enter data in [mi 2
] 

Watershed Area 
Wetlands area (by NWI) 

watershed centroid (E, N; UTM 19N; meters) 
choose county from drop-down menu 
mean annual precipitation (inches; by look-up) 

Worksheet prepared by: 
Charles S. Hebson, PE 
Environmental Office 
Maine Dept. Transportation 
Augusta , ME 04333-0016 
207-557-1052 
Charles.Hebson@maine.gov 

sand & gravel aquifer as decimal fraction of watershed A 

Odtets) 
2093.2 
3935.9 
5835.5 
7211 .7 
8991 .6 

10367.1 

11811 .3 

15351.6 

Reference: 

Hodgkins, G., 1999. 
Estimating the magnitude of peak flows for streams 

in Maine for selected recurrence intervals 
Water-Resources Investigations Report 99-4008 
US Geological Survey, Augusta , Maine 

QT = b X A a X 1 o -wW 
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Maine Department of Transportation P roj e ct: C'o\·~red Bridge! ::..:n 3S carri~s Route l ~ 1 Boring No.: BB-OLAR-1 02 
Soil/Rock Exgloration Log over litrl~ Androscoggin River 

Location : Oxford. :-.1" ioe WIN : 19768.00 Ui.2 CUSTOMARY UN1Ti,2 

Drille r : Nonhefll Test Borin[ Elevation (ft .)_ _295 .8 Auger ID/OD: N!A 

"t'~Oa<V O Mike, Adam Datum: NAVD88 Sampler: Standard Sfllit Spoon 

Logged By: B. Wilder Rig Type: Diedrich D-50 Hammer Wt./Fall : 140#..'30" 

Date <:>tarur nish : !0!4 ' 12: 07:30-17:00 Drill ing Met hod : ('"sed W "sh Boring Core Barrel: NQ-2" 

Boring Location: 15+82.8. 2.3 ft Rt. Casing ID/OD: H\V Water Level•: BMge Boring 

Hammer O::ffir ianr" Factor: 0.707 Hammer Type: AmomaticC!SI . H_r_drau] ic c:J ~ope & Cathoad D 
Definitions: R = Rock Core Sample Su = lnsitu Field Vane Shear-~tren~th- (p~f) ~~l~b!v =Lab Vane Shear Strength (psf) 
0 = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) ·ater content. percent 
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit 
U =Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit 
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 1401b. hammer Hammer Efficiency Factor= Annual Calibration Value PI = Plasticity Index 
V = lns1tu Vane Shear Test. PP = Pocket Penetrometer WORJC :=;;~~~h~\of rods or castng Nso = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis 
MV = I lnsltu Vane Shear Test attemot W01P = o t of one oerson '"n = lflammer Effic•encv, · c = , Test 

Sample lnforma_tion_ 
Laboratory ...,. 

£ - '0 Testing §. a. "' "' ci "' .£ 
~ 

u 0 Results/ ...,. z <..i 0 g; ~ c ,_J Visual Description and Remarks s "' "' "' £ 0 8 g> "' 
.Q <.> AAS HTO 

.r:; '§. e:; a. ~ro~_o '" 
i" and 

0. E-
c: 0 -~~ > 0. 

ai c: o~~cn~ :::1 "' ...,. ~ Unified C lass. "' "' Cl! ....; ii)(ij(ij,SQ :2: 
<!) 

wS 0 en a.. en:::. z uco 0 

u 
1 EP 

Brown. weL very Joos~. fine to coMse SAND . trace! ~ilt. 
tD 24t2 0.00-2.00 \\'OH.'WOH · I, 1 I (Glaciomarine Outwash Delta Deposi t) 

'\ v 
9 

5 
MD 2~.'0 5.00 - 7.00 1 ~ - 2 ~ 4 ~ 8 

17 

22 -· . \ 1 
;_. - :; (i 

') ./ 
40 i- _, 

./; ;:'\ ;r. ~ -~ 

-1.- - j) -.; ~ 

~ 

10 Brown. wet. loose, f1ne to coarse SA~'D- trace •i lt. (Sample jar broke. 
2D 24,13 10.00 - I 2.00 1-' 1!4!4 5 6 t~ Josr S:!Dlple). 

42 

73 

68 
28 1.80 ------ - ----- -- --- -1 ~. 00 

106 

1:' Light brown-ydlO\\-. loose, fine to medium SA~D. tra.ce silt. 

3D 24!1 7 I :' .00 - I i .OO 2:2 -+· --l 6 7 25 (Gbciomarine Outwash Dell" Depo•its) 

3:' 

72 

7i 

1276. 19.40 
Rl 7:.!AS 19.40 - 2).40 RQD = o•., C\'( 1-2 .! RJ : Granito boulders (upper 2'6") then nested s"nd ""d cobbles. followec 

20 ' "' by possibly top ofmetasediml!ntary b~drock inclusion (4") . 
RI :Core Times (min:sec) 
19.4-20.4 fr (3: 40) 

·~ 
20.4-•21.4 ft (4:00) 
21.4-22.4 ft (3:35) 
22.4-23.4 ft (2 :10) 
23.4-24.4 ft (2 :15) 
24.4-25.4 ft (3:22 ) 67°"o Recov<:ry 

,, !j. 
Rem~ 

Atttn Hmnmer ;;' l-19 
3.1 !\ from Barge Deck to Ground. 
HP = Hydr~lulic P\lsh 

Straufication Hnes represent approxtmate boundaries bet-...,een soil types: transitions may be gradual. 
Page 1 of 2 

• Water level readings haYe been made at times and under conditions stated. Groundwater fluctuations may occur due to condrtions ot.,er Boring No.: BB-OLAR-1 02 
than those present at the time measurements were made. 
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Maine Department of Transportation 
Soil/Rock Exploration Log 

Project: Coverl!'d Bridge .:;3738 carries Route 121 
oYer LinJe Androscoggin River 

Location: Oxford. ~lain< 

Boring No.: 

WIN: 

BB-OLAR-102 

19268.00 US CUSTOMARY UNITS 

Driller: Northem Test Boring Elevation (ft .) 295 .8 Auger ID/OD: NiA 

Operator: Mike. Adam Datum: NAVD88 Sampler: Standard Split Spo0n 

Logged By: B. Wilder Rig Type: Diedrich D-50 Hammer Wt./Fall : 140;o!30" 

Date Start/Finish: lOi -V/2: 07:30-17:00 Drilling Method: Cased Wash Boring Core Barrel : "'iQ-2" 

Boring Location : 15+82.8, 2.3 it Rr. Casing ID/OD : H\\' Water Level•: Barge Boring 

Hammer Efficiency Factor: 0. 707 Hammer Type: Automatic(23 HydraulicO Rope & Carhead 0 
Definitions: R = Rock Core Sample 
D = Split Spoon Sample SSA =Solid Stem Auger 
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger 
U = Thin Wall Tube Sample RC = Roller Cone 
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = ·.ve1ght of 1401b. hammer 
V = lnsitu Vane Shear Test. PP; Pocket Penetrometer WOR:'C = weight of rods or cas1ng 
MV - Unsuccessfullns1tu Vane Shear Test attemot W01P =- Weiaht of one nerson 

Sample Information 
....,. .c -a 
c a. 

ci = Q) 
~ z 0 0 
~ Q) Q) Q) 

.c a. ~ a. a. E c E~ 
Q) "' Q) "' . 0 (f) a. (f)::: 

Q) 

u 
~ 
0 
<) g>"' c 0 .·~ ~ :::> (!) 

:2: z urn 
25 

R2 60' 57 25.40- 30.40 RQD = tOO•·; 

\ 1/ \ 
30 +-----+-----~------~-------------+----t----t-4M-, 

35 

~0 +---~----~-------}------------t---~---r----i 

4' +-----~----~--------+--------------t----4-----r---_, 

Remarks: 

Auto Hammer =149 
3.1 ft from Barge Deck to Ground . 
HP = HydrauiK Pu~h 

Stratification hnes represent approximate bOundaries ber.veen SOli types: transinons may be gradual. 

c 
.Q 
(ij 
> .,....,. 
UJS 

270.40 

265.~0 

Su = lnsitu Field Vane Shear Strength (psf) 
Tv = Pocket T orvane Shear Strength (psf} 
Gp = Unconftned Compress1ve Strength {ksf) 
N-uncorrected = Raw field SPT N-value 

Su(lab l =Lab Vane Shear Strength (psf) 
WC :: 'Nater content. percent 
LL = Liquid Limit 
PL = Plastic Limit 

Hammer Effictency Factor= Annual Calibration Value PI = PlastiCity Index 
Nso ::; SPT N-uncorrected corrected for hammer effic;ency 
N~~::; 'Hammer Efficiencv Factor/60%' "N-uncorrected 

G = Grain Size Analysis 
C = Consolidation Test 

8' 
..J 
<) 
:;: 
a. 
~ 
(9 

I 
~~ ~ 
~1 

Visual Description and Remarks 

Top of Bedrock at Elev. 270.40 ft. 
R2: lvl~tas~dimentary bedrock inclusion. 
R2:Cor< Times (min:sec) 
25.4-26.4 ft (~ : 3~ ) 

26.4-27.4 ft (3 :28) 
27.4-28.4 ft (3:56) 
28.4-29.4 ft (3:59) 
29 .~-30.4 ft (3:10) 95'o Recovery 

25.40 

~ ~~----------------30.4(} 
Bottom of Exploration at 30.40 feet below ground ..; urface. 

Page 2 of 2 

Laboratory 
Testing 
Results/ 

AASHTO 
and 

Unified Class. 

• Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditiOnS other 
than those present at the time measurements were made. 

Boring No.: BB-OLAR-102 
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100 

90 

xo 

"'"' 70 
-s:IJ 
·a:: 

State l~l Maine Department l~l Tramportation 
CRAIN SIZE J)[STRIBUTION CURVE 

SIEVE ANALYSIS 
US Standard Sieve Numbers 

HYDROMETER ANALYSIS 
Grain Diameter, rnm 

;I,;. 2" 1-1/2" 1" 314" 1/2" iljl" - _!1.4" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 

~~~]~}-lf:mt@@F~=rt~IJf[[F- -::]1 uti= r-1 

;: ~ = ~~~ ~~: ~! +;-=~~~ ~~:: ~~ ~.--~ ~~. 1: ~ ~ ~ ~ ~- ==::~ ~:~:~:~~ . u :: -~ :: ~~ - ---- "==~ ::: . = :~= ==~ 

0 001 
() 

10 

20 

. T: ~ .~~ -~ ~~:- ~~~~ I - ~:~f~~ ~-~~ =-~- ~ -~~ 1~ =~- ~~F ~~~~~~- -~: ~ ~ ~ ~ -=~~~ ~~=~. : ---~. ·~~ ~ == . .c 
~0 OJ) ·- --- -,~- ---~-----:--~-~-- --- -=+r--~~---- ~=±'- &--t,H -----=+ - q -+-- ----- ------ - -r-r- ----- ----- ·' ·a:: 

-1 !===r~ =t~:;:= __ ,_ l--=t~~=--~ -=-~~:~:. i-:-f- -+-.----j - -~- ==-=:=•=: =-=-~-=---==--=:,=: === :~:-~~=· ~ 
' ~ ~ 

~so :=~~~~C_L?J~~~~f~~¥;_~~?;;-~c~=~~=--==·-·-····c-~·~~~ so j 
Q ·lO 

1 
6(1 """ 

~ 60 .... 
,.Q 

~ "' )~~~;F-~~~ ~=~E .. j~~~')J~~f~~~E~=.==:== c~~~:~= '"] 
w w 

"' •; =~Li~:=~=:f~~:~·,;c~i~~!~H=~~i_~;··~-~~~ ·x, 
() 

100 
u:,.;• 

r--- -~- ~--~--- I -1 ~ I ---- - I -~- - I - - ~ --1 - -~- - -
~O.Il ~& I 254 1905- IH " t3:~5 4 ~~ 2 ~(> ~ I)Q 1181 065 .;;0·126 1)25 "' QQS 

10 l 0.1 
Grain Diameter, mm 

1)(\J OOQS 100 
(I.!) I 0.001 

~-- - ---- -~~--. ~---- .. _- ·-- __ J.,- ·---- -----·-· --· -·-~- -~-----
GRAVEL T SAND + -~~-~~--~ ~-~---

SILT 
--- -- ---+---j 

CLAY 1 
UNIFIED CLASSIFICATION 

v5oHM vetsf-1t-A 
Boring/Sample No. Station Offset, ft Oepth,~!!·~------~-~f}SCription ~~ W,% PI WIN 

0.0-2.0 · SAND. trace silt. trace gravel. -- ---·-·- -·~--.. --· ----···------ _tl,.., -~ ---
10.0-12.~---- SAND, trace gravel, trace silt. t I _,d-, __ 

f---~-~··--··----.. ·---·~ ~~-·----- -·--·-·~-

__ ..... _ _ __ BB~~-202/!.Q.._ _ ~~~-~~95 ____ 1l_RT __ _ 

--~-. __ ~~QL~R~202/~[)_~. ___ -~9_9c5 ________ 1.2_RT_ 
__()!_92§_~.00 __ ---~-----~1 

BB-OLAR-202/40 15+99.5 1.3 RT 15.0-17.0 

I _ . ~.0-~!·9 __ _ SAND, some gravel. little silt. BB-OLAR-202/60 15+99.5 1.3 RT 
-- --- ---·- ---~ -- ·-- ----- ----

~·· ---~- ---- ----~-- ---·~ ~-- --- ---I- ----------- ~-- --· -~I --···· ·-~---·- --

X 

d 

Town 
-·-~· --~~~-·- - I 
~~fo_r:q_~---·---~· 

Reported by/Date 
----· -- --·-·-------·· 
WHITE, TERRY A 6/11/2013 
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Ellen OBrien 

From: 
Sent: 
To: 

Jack Burgess [Jack@beckerstructural.com] 
Tuesday, September 17, 2013 4:27PM 
Ellen OBrien 

Subject: 
Attachments: 

FW: Oxford - 19268.00 
01926800sh7.pdf 

i3e:ovv is updated D50 and D95 partide sizes based on the 5/29/2013 boring from Laura Krusinski. It appears that the 
:H:::w D95 particle size is smalier and the new D50 particle size is larger than the values We received last October. Couid 

rerun the scour ana:yses based on these new particle sizes and forvvard us the resu!ts? Do you think it would 
be to have results by Wednesday of next vveek? if you need any additional information/ please !et me know. 

·;·hanks for vour assistance. 

From: Krusinski, Laura [mailto:Laura.Krusinski@maine.gov] 
Sent: Tuesday, September 17, 2013 3:46PM 
To: Jack Burgess 
Subject: Oxford- 19268.00 

Hi Jack/ 

Based on Boring BB-OLAR-202 at Sta 15+99.5 (stationing we had as of 5/29/2013), samples 10 and 30 were obtained in 
the upper 13 feet of streambed and are classified as A-1-b and SP. This is an alluvial deposit. 

Base~ on the laboratory gr~in size analyses I recommend a 095 ~edium to coarse sand) and a DSO e 
(medium sand). The gradation curves are attached. ~· 

Was the PDR signed and do you have a final design contract? If so, I can provide you with a draft, unchecked copy of the 
Text of the final geotechnical report- so that your office· has H-pile and pipe pile geotechnical resistances. I could get 

that draft to you this week if you're in final design. 

Laura 

Laura Krusinski, P.E. 
Senior Geotechnical Engineer 
Maine Department of Transportation 

16 State House Sta. 
Augusta, ME 04333-016 
Phone {207) 624-3441 

-It p, Lv:J s-- 'I 
2-( 

JpaCA~J 

1 
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HEC-RAS Plan: Plan 03 River: Little Androscog Reach : Reach 1 ~J6 n A) (r / f) J 6 0 
r 
1 Reach 1 River Sta Profile I Q Total Min Ch El 1 W.S. Elev I Grit W.S. I E.G. Elev E.G. Slope Vel Chnl I Flow Area Top Width Froude #Chi 
~~---+~----~------~~(~ds) I ~(ft~) ~-~~~(ft~)~~~~(ft~)~~~~(ft~)~-r~~(Wft~)~~~(W~s)~~~(s~q~ft~) ~~~(ft~)~-t~==~~-1 
~ .1_1 407 1.1 yr 2093.00 1 295.50 302.25 300.29 302.61 0.001465 4.82 434.46 100.27 0.41 

~ 11407 10 yr 7212.00 1 ---C'29:::5:.:.5:::0=+----'3:::0:.:9.:.:.o=o+--_ __.:::30:.:3:::.3:.:6+---=3::09:::·::56'+-__ o:::·::00:::0:.:7..::0.:.5f-----"6.:.:.1..::3+-_ _ 1:=5:::.2.:.:1.::84::t---.:::3.:.:76:::..0:::3+ ___ ___:::0~.3~3 
fr Reach 1 ~7__ 25 yr 8992.00 / 295.50 • 309.93 304.32 310.64 0.000817 6.97 1738.20 444.01 0.35 

~0 Reach 1 _ Lt~- 50yr 1036700 / 295.50 310.07 304.98 j 310.98 0.001042 7.93 1771 .47 453.35 0.40 

~ch 1 1407 ~ 100 yr . 11811 .00 ~29:::5::..5:::0:-t---'3:-'1-:-0:.:.9:=4t---3:::0::5.:.:.6:.:5+-----::.3-'-11.:.:.8.:.1:+---0::: . .:.00:.:0:.:9::52=t----':c7:.::.9-'-4f----'2:.::6::66:::·:::26"i-__ ..:_47:....4:.:.5:.:8+-___ _.:::0.:::.3:-9-j 
E each .!_ 140~500 yr 1 15352.00 1 _ 29_5_.50-t ___ 3_1_3_.5_5.,....... __ 3_0_7_.1_2+-----'3_14"".3"-5+ __ o.:.:.c..oo:..:oc..7..:.48'-'l !1 ___ ..:_7."'9"-5t---4"'06"-6'-'."-o8:.;l l __ --=.5.6::.:9:.:.3:::3'+-----=o.:.:.3"'15 

~;;ct; 1 - _09o --11.1 yr _ -~ :.:2:.:0.:::93:::.o:::o:.ll---::2:::95:.::.2::.:o'tl __ ..:3.:::02:::·:::26'tl : ____ _,__
1 

__ 3:::0:=2::....4:=6+--::0·:::oo, o:.:5::95::jlf----'3:.:.5:.:2:.L.. _ __::5::95:::·.:.:10:L __ 1:_:1.::::6 :~ _ -o.27 
""OO 1' 1Reach 1_ ~ toyr T- 1212.oo L 295.20 309.13 309.42 o.ooo374 , 4.36 1853.34 1 321 .98 o.24 

1, . [Reach 1 ' 1290 25 yr 8992.00 29:-5:::·:::20+--3:-1:.:0-':.1C:1t-~----t--:.:3...:.1 :::0 .:=47':1--~0.:.:0.:.00:-:4:.:2-:-1 t-----:4.:.:.9::1+--- 2224.95 1 420.58 0.2~ 

1
-r 1 () ~ach 1 11290 _j soy;:-- I 10367 oo 1 --:::29:.::5:.:.2:.:0t----::.31.:.:0:::.3::o+-l ___ +---'3:..:1::0 .:.:7:::.6 l,._--'o:::. 0:::0:.:0.:::52,_,6+----=5.:.:.5:=5.,..__-_,'"'2:::3,...0~7~.3~8: ~~~~~:;4:::.2"'8;; . .:::8:..:6~~- 0.29 

~Re~ 1290 ~--.--1....,1'"'8'"'1 ,_t . .,..oo~1 
___ 2::-9-:5-'.2'-'0+-----'3-'-1-'-1._1.,..11,_ ___ -+ __ c..31'-1-'-.6:.::2'-l--=o.:...o:..:o:.:o.:c52:::.:8+---5'-' . .:::82=+---=2-=-66:..:9:.::.8:.:6'-1--4.:.:62 .33 0.30 

Reach 1 1290 1500 yr I 15352.00 295.20 313.69 314.20 0.000427 5.96 3969.61 544.83 1 0.27 

I I I I ~each ,--j ,~ ~ 1 2093.00 I 294.00 t----:-:30:::2:.:.2:.:1+----+----:3::0:::2.-:-37':t---:0:'-.0:::0:.:04_;_8:::0,.c-__ ...:3:.:.2=6+----:.:C84:':1"'.3:.::9+-----'-1..:.1-8;;.2;;9'tl+ 1_-_-_-:_-_-:_-_-...:-0;;;.2~5 
Aoo-r Reach 1 j1150 ~ I 1212.oo l 294.00 309.03 309.36 0.000405 4.64 ! 1768.00 342.40 0.25 
Ill' !Reach 1 1150 125 yr 8992.oo1 294.00 309.98 310.40 0.000463 5.26 2130.16 418.55 ~ 
'i)-t c_; l> :Reach 1 ~50~ yr 10367.oo l - :-29:-4:.::.o:.:ot--_::3.:::10:::.::.:14+-----+--3=-1:.::0.:.:.6c::8+--.:::o.::oo::.:o:..:5.:::86'+---'5"'.9:.:6+---=2:..:1::96:::.0.:.:2+----=4:.:2::3 . .:::8::0 1----~ 

tRe~ch 1 1150 100 yr 1 11811 .00 • ....:2:..:9-'4-'.0-'-0t------'3-'-"1 0~--+----:3:.:1-:-1 :.:·5::-3;---:-0:.:.00::-0:::5:.:9:=4t---:.:6.:.:. 2:.:8t---'2C:544:-:-':.:·6-C'2t-----:4...:4::::5 ·::85::.!-------'0"-'.3~1 
~ 

1
,,50 r ---r-15352.00

1 

294.00 313.53 j 314.13 : 0.000490 6.46 3791.09 516.88-1,!------~-0_._29---~ 

jReach 1 1085 [1.1 yr 2093.00 1 294.50 302 .22 302.33 0.000289 2.73 765.38 127.15 0.20

1

1 

Reach_~ ___ )_1085 110 yr 
1 

7212.00 I 294.50 _ 309.06 .:__ -.,-----::.30:::9:.:..3:::2:,_....:o:.:.OO::::.:O-C'2-:'72=t-__ __::4·-:-15=t-----'1c::98:::9:.:.2:::8+--::_31:..::5:::.3:.:3+--- 0.21 
,Reach 1 _ j1085 125yr 8992.oo j 294.50 310.D1 310.35 j 0.000322 4.75 2293.55 344.65 ----o:2:i1 
~ht 11085 I50yr --:-~,~o~36~7~.o~o~--~2~9~4.~5~o r----=3~to~.1~7j-------~----~3~t~o~.6=2+---~o:.:.o=o-=-04:.:0::9t-----~5~.4~o+----2=3~5=o:.:.7=2+----:.:3~54~.:.:2.:.9 r-------~o"'. 2:.:46 

'Reach 1 /1085 100yr 11811 .00 j 294.50 310.97 I 311 .47 0.000429 5.75 1 2651 .73 401 .22 0.27 

1 Reach 1 1085 I500 yr 1 __ 1:.:5::3.5:..:2:.:.:.o:.:o..LI __ ;::.29=-4:.:.:.5::0_~1 __ ..:.3 .:.c13:.:.:. 54=-:.r----t---'3::..:1c:4.:.:. 0::81-l_o::::·.:::oo:.:oc::3:::82+--~6:.:.:. 0::9+--~3:.:.7=-77c.:..7:..::8+--4:.:.7.:..:4 ·::36~----o=.27 
I I ___l_ I I 
~h 1 ~ 1, 1 yr -r·--2-o9_3_o_o-+> 1 ___ 2_9_4-.o-ot---3-o2- .-,6-'l---2-97- .-79_,...--3-o-2-.3-2.,----o-.o-o-o3_6_9+----3-.t-8-'-!- -

1

-.:6

5

-=-5

2

8

1

=-.. -:ct1 95=;_-_-_-_-_-~.,..,..:.o=-.:..,,...·..:.9"'7!;~~-- o.n 
[ReaCh 1 - 1043 _(_1Q_E__ _j____2212.oo -~---"3"-08::.:·c:..93"'-----'3"'o-'-t ."'oc..3 t-_-3:..:0:.::9.:..:. 3:.::o.,....._..co.:.:.o:.::o..:.04.:..3:.:2+-___ 4.:..:.8:::.:3:.:1--==:.=..f----=-266.23 o.26 

,001' ; R~~ ~___J to4_3 ___ j25_y_r ___ ~99ZWC 294 .oOT 309.85 ! 301.92 310.32 o.ooo5tt 5.55 1667.28 309 . 9~- o.29 

'2. "1 I Reach 1 1043 50 yr 10367.00 294.00 30~ ~!- 310.58 0.000658 6.34 1685.12 315.15 0.32 
q .-.-..... R-e-a-ch -1 - ;-10_4_3_~_-.--_i100y~-----~-,_,8 11 . 0~. 294.00 1 310.~ ---'3"'0"-3 . ..:.22=. __ 3:_1:...:1c:...4:.:3+---=0.:.:.00= 06:..:9:..:3+----'6:.:.7:..:8:.:11 __ __:1:.:8..:.1.:.:1.-'-44.:..L __ ::34.:.c8:.:..9:.::61------ 0.34 

Reach 1 1043 ,500 yr 15352.00 294.00 / 313.351 304.80 314.05 0.000556 6.89 3335.41 465 .55~- 0.31 =-=--=-1 ~ + ___:::_ J__~- --jl _____ '-----:---_J_.----,..----,..----'t-----+--- ---
Reach 1 1000 I Bridge , _j__ I ---'------'~-----+--~ 

i-- -:-:----t -~-- I ·~-· ~ --
,R,;;;-ch 1 1-976 J t.1 yr 2093.00 j 293.50 302.05 1 302.26 0.000532 ! 3.72 / 562.80 93.11 0.27 
fReach 1 1 97_6 ___ 1! 0yr 7212.00 1 293.50 308.68 1 309.20 0.000547 1 5.77 ' 1291 .84 212 .83 0.3ol 

Reach 1 i976 /25 yr I 8992.00 L ~0 309.49 1 310.19 0.000677 1 6.71 1399.54 274.03 0.34 1 

~each 1 1976 50 yr I 10367.00 / 293.50 309.46 1 I 310.39 0.000906 1 7.75 1395.70 272.20 0.39 j 

1Reach_1 __ j 976 ____ i 100yr ~11.0~93.50 310.12 311 .21 0.000988 i 8.38 1492.11 L 320.96 _ 0.41 j 

1 Reach~-__j~-- 5~. I 15352 .0~93.50 312.451-- I 313.71 0.000935 ; 9.10 2213.14 / 435 .7~ ___ 0..:.4.!, 

~ach 1 j9oo - =~yr _ 20~ -~ 302.04+---- + 3o2.2o o.ooo364 [ 3.17 660.82 102.37 : __ o) 2 l 

~ 1900 -~~ ~1~ __ 292.00 1 308.69 309.11 0.00044-'-1-+1 ____ 5:.:·=.26=+-----'1"-59=-1:.:..7...:7+-__ 4.:..:6:..:.:91~ ~ 
fReach 1 ;900 125yr . 8992.00 , 292 .00 309.51 310.07 0.000544 6.06 1 2029.43 591 .11 1 0.29 
Reach 1900 J5o yr 1 t0367.ooT 292 .00 309.49 310.24 1 o.ooo121 7.oo j 2017.48 588.11 1 --- (1.34 
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HEC-RAS Plan· Plan 03 River· Little Androscog Reach· Reach 1 (Continued) 

Reac 

1Reach 1 

1
Re~h1 

Reach 1 

h I River Sta i Profile I 

- I I 
550 I50yr I 

1550 1100 yr 

!550 !500 yr I 

I -
I QTotal MinCh El W.S. Elev 

(cfs) (It) I (ft) I 
10367.00 1 292.00 308.95 1 

11811.00 ' 292.00 1 309.66 

15352.00 ) 292.00 1 312.49 

I ~ 

Flow Area j Top Width T CritW.S. E.G. Elev E.G. Slope I Vel Chnl Froude #Chi 

(It) (It) ' (ftlft) (ft/s) I (sq ft) I (It) 

303.30 309.85 1 0.001002 8.04 1 26l2 .71 1 824.29 0. 
304.05 310.60J 0.001001 833 1 3250.99 1 957.54 1 0. 40 
306.35 1 313.09 1 0.000600 7.31 1 6317.01 1 1112:16L_ 0. ___EJ 
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HEC-RAS Plan· Plan 03 River· Little Androscog Reach· Reach 1 (_ 'i16 f fJ(j-
r 

~-- Reach I River Sta Profile I E.G. Elev I ' I Top Width f W.S. Elev CritW.S . Frctn Loss C & E Loss 

I 

I 
(II) _jfL_ _i__{!t) -+- (II) I (II) (ft) I 

eac~1 ~~ -ll1 yr 302.33 1 302.22 0.01 1 0.00 127.15 ' 
each 1_ 1~ ____ 10_ yr 309.32 309.06 1 0.01 0.01 315.33 j -------- t---

I eac 
----'-

------'-'--'- yr_ ___ 

30;~ 
0. 1 0.00 101.97 

1--- --
Reach 1 1043 110yr 309.30 ; 308.93 0.02 ~ 0.03 1 266.23 
~--~ 

Reach 1 ~3 ___ -L25 yr 310.32 309.85 1 301.92 0.02 1 0.05 1 309.93 1 
[Reach 1 ~3- 50 yr I 310.58 1 309.96 1 302.57 1 0.03 1 0.07 1 315.15 

1
Reach 1 11043 ___2Q_O yr 3 11.43~: ___ 310.72 1 303.22 0.03 0.08 [ 348.96 1 

500yr 314.05 1 304.80 1 ' Reach 1 1043 313.35 0.03 0.10 465.55 --
~Reach 1 11000 BR U 

_j___ I 

-~ I I I 
1.1 yr I 302.131 296.51 0.02 o.oo l 88.81 1 

:!:le!'ch 1 1000 BR U , 10yr ' 309.25 1 308.77 1 300.70 0.02 0.00 1 121.04 1 

[Reach 1 11000 BR U 25 yr I 310.26 1 309.62 1 301 .75 0.03 0.01 1 124.29 1 

[Reach 1 11000 BR U j50yr 
--~-

310.491 309.65 302.52 0.04 0.01 1 124.39 1 

1
Reach 1 

11000 
BR U J 100yr I 311 .32_L 310.35 303.28 0.04 O.Q1 129.58 

b ach1 
BR U l5ooyr I 313.92 ; 312.90 1 304.97 0.07 0.03 ) 304.83 1 1000 

I I I I ----1- ---
1 11000 BRD 11.1 yr I 302.28 i 302.11 296.70 1 0.01 0.01 1 89.78 

Reac~_1 __ [1000 BRD 110yr I 309.22 ' 308.75 [ 300.89 0.01 0.01 1 128.95 1 
Reach 1 1000 BR D 125 yr I 

310.22 -~ 301.95 1 0.01 0.02 133.40 

Reach1 ~BRD 50 yr 310.44 1 302.68 1 0.02 0.03 1 133.481 ---
-~32 1 0.04 1 Reach 1 1000 BRD 100yr I 311 .26 303.41 0.02 1 137.21 1 

' ------'--
I 
--- 305~ 0.09 1 :Reach 1 1000 BRD j500yr 313.82 312.86 0.02 305.32 1 ·----

-~ I L_ ' L.-- __ L 
30d= 

I I 
Reach 1 1976 ___ ~ 302.26 1 0.03 0.03 93.11 

~1 976 .10yr I 309.20 1 308.68 " 0.04 0.04 1 212 .83 1 

~ 
---

; Rea_Eh 1 --j 976 ·-+- 310.19 ; 309.491 0.05 0.07 274.03 1 

JReach 1 976 50yr 310.39i 309.46 1 0.06 0.09 272.20 1 

·Reach 1 976 l100yr 
-~-

311.21 1 310.12 I O.D7 0.13 320.96 

Reach 1 976 500yr i 313.71 312.45 1 I 0.06 0.24 j 435.76 j 

~ 
I __ _j__ I I I I I 

Reach 1 1900 .1.1 yr I 302201 302.04 0.06 0.01 1 102.37 

Reach 1 ~~ 10 yr I 309.11 308.69 1 0.06 0.05 1 469.101 r--
[Reach 1_ --'~- 125 yr I 310.07 1 309.51 1 0.07 0.06 j 591.11 1 

Reach 1 1900 50yr I 310.24 1 309.49 j 0.10 0.09 ) 588.11 1 
----1 
I Reach 1 900 ;100yr I 311.01 310.18 1 0.10 0.10 1 669.86 1 
r:---- --

[500yr 313.41 1 312.63 1 763.10 1 ~each 1 900 0.08 0.11 

Q Left 

(cfs) 

62.16 

9.60 1 
18.23 

21 .96 

32.95 

828.46 1 

I 
123.95 1 
202.09 
234.60 
302.27 

1017.33 

134.84 
222.84 
258.12 

358.26 

1213.15 

17.47 1 

31 .60 
36.01 ) 

47 .43 1 

272 .56 

I 
I 

43.84 
187.78 1 

211.90 1 
450.05 

1825.11 1 

--
Q Channel 1 Q Right I Vel Chnl J 

(cfs) I 
2093.00 1 

7132.15_ 

2093.00 

7200.33 

8967.45 
10337.10 

11763.06 

14467.48 , 

2091.94 1 

6896.32 

8504.64 
9801 .96 

11055.14 
13328.16 

2093.00 
6930.94 
8545.44 

9850.05 
11086.48 ' 

13306.66 

2093.00 
7191 .32 

8953.18 

10322.80 
11749.99 1 
15035.71 

2093.00 
7168.16 
8804 .22 

10155.10 

11360.93 1 
13511 .25 1 

(cfs) I 
I 

17.72 1 

---
2.07 1 
6.33 

7 94 1 
14.99 --
56.05 

(ftis)d 

~I 
4.15 -- ~ __ 4.~, 

5.40 J 
5.75 

- 6.091 

3. 18 

4.83 1 

5.~ 
634 1 
6.78 ---
6.89 

---1 

1.06 1 3.31 1 
191 .73 5.61 

2~~ 65~ 330.44 7.50 
428.91T 8.06 

1006.51 8.46 

0.00 3.37 
146.22 ~ 
223.72 

~~ 258.83 7.44 

341 .58 7.96 

832.18 ~ 

---+ --372 

+m=~ 6.71 

8.18 1 __ 7.7_!!J 

13 .58 1~ 
43.73 ! 9.10 '-=-=---+ 3.17 

5.26 

i 6.06 

7.00 
0.01 1 7.45 --

15.64 1 7.55 
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. 21£16 n AJ cr 
Plan: Plan 03 Little Androscog Reach 1 RS: 1000 BR U Prof1le: 50 yr 

-~5.G. Elev(ft) ____:r-- :310:49~men_t___ ! Left OB I Ch~--R~ 
. Vel Head (ft) 0.84 1 Wt. n-Val. ~ 0.030 I 0.030 I 0.030 1 rw.s. Elev (ft) -- ~I - 309 65 Reach Len (ft) __j_ 25 00 25 00 25 00 I 
I Grit W.S. (ft) 1 302.52 I Flow Area (sq ft) 59.57 1 1307.26 75.34 

E.G. ~lo-;;;(ftlft}l 0.001278 1 Area (sq ft) :----1 __ 5_9_.5_7 .--1_1_30_7_.2_6-+1 ___ 75_.3_4-'j 

1 Q Total (cfs) I 10367.00 I Flow (cfs) --+1 __ 2_3_4_.6_0+-_9_8_0_1._9_6+-__ 3_3_0._4-14 

Top Width (ft) J 124.39J Top Width (ft) I 16.83 90.33 17.23 
~--
1 Vel Total (ftls) 1 7.19 Avg . _V_e_l. _,_(ftl_s-'-) ----11 ___ 3_.9_4-t-___ 7_.5_0-t-___ 4_.3_9--j 

I Max Chi Dpth (ft) 18.05 1 Hydr. Depth (ft) __1_ ___ 3_._54-+-___ 14_.4_7-+-___ 4_.3_7-1 

Conv. Total (cfs) I 290008.4 I Conv. (cfs) 6562.7 I 274201 .8 9243.9 
[length Wtd. (!!L___j_ __ 25.00 I Wetted,_P_e:..._r._(_ft)-=_-=_-:__-_ -_ -r-'-1====-=-1-7-.9-6+---1-5-0-.0-1 +---1-9-.3--12 

~·nchEI(ft) 1 __ 29~1_. 6~0~S~h~e~a_r (_,_lb_ls_q'-ft~) ___ +-___ o_.2_6~1 __ ~0_. 7~0~i __ ~01 L___ 1.05 Stream Power (lb/ft s) I 421 .32 J 0.00 I 0.00 I 
~oss (ft) I 0.04 Cum Volume (acre-ft) 8.24 1 18.23 I 4.69 I 
~Loss (ft) I 0.01 Cum SA (acres) I 4.49 I 1.34 I 1.69 I 

Plan: Plan 03 Little Androscog Reach 1 RS: 1000 BR U Profile: 100 yr 
E.G. Elev (ft) 311 .32 I Element ·--Le_ft_O--=-s 'l ----,-------, 

r Vel Head(fi) 0.97 Wt. n-Val. 0.030 

L W~. Elev (ftl__J--3~ Reach Len. (ft)__ 25.00 

Grit W.S. (ft) __ 303.28 I Flow Area (sq ft) __ -+1 ___ 7_2_.6_5~1----~+----'--'-'---i 
I E.G. Slope (ft/ft) 0.001427 Area (sq ft) 72.65 ·- --r---:- ------+-
I Q Total (cfs) 1 11811 00 I Flow (cfs) I 302.27 1 

dth (ft) 
! 

129.58 I Top Width (ft) 

al (ftls) 
~ T~ Wi 
I Vel Tot 

r----- Max Ch 

Conv. T 
1-

IDpth (ft)~ 
7.69 I Avg . Vel. (ft/s) 

18.75 1 Hydr. Depth (ft) 

Length 

otal (cfs) 

! Wtd. (ft) 

MinCh El (ft) I 

-1 Alpha 

LFrctn Lo 

~L 

ss(ft) --+ 
oss (ft) 

312643.7 _I Conv. (cfs) 

25.00 I Wetted Per. (ft) 

291 .60 1 Shear (lb/sq ft) 

1.05 I Stream Power (lb/ft s) 

0.04 1 Cum Volume (acre-ft) 

0.01 I Cum SA (acres) 

20.63 

4.16 
I 3.52 

8018.0 

I 21 .84 

0.30 
-

421 .32 

11 .69 

5.09 

90.33 18.62 . 

806 4.87 

15.18 4.73 

293248.3 11377.4 

152.84 1 20.89 
0.80 I 0.38 

0.00 0.00 

19.18 5.98 

1.34 1.87 
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W !JH IJ&-
Pian : Plan 03 LittleAndroscog Reach 1 RS: 1000 BR D Pro_fi_le_: _10_0~y--,-r ___ _ 

------._ E.G. Elev (ft) ~-31126-;-Element ~ ~ Left OB ! Chann~ R-ig_h_t 0-B~~ 
Vel Head (ft) l 0.94 I Wt. n-Val. -+ 0.040 0.040 0.040 

LW.S. Elev (ft) -=- __ 310.32 Reach Len. (ft) --1 -1 . 5~ 11 .50 
1 

11 .50 I 
i Crit W.S. (ft) 303 41 Fl A ( ft) 87 33 1392 51 1 76 79 I ow rea sq I I 

J E. G. Slope (ft/_ft-'-) -.,.-

~otal (cf_s) ___ 1---
f-b.o_E_Width (_f!L__ __ 
i Vel__!otal (ft/_s) _____ _ 

0.002317 1 Area (sq ft) I 87.33 1392.51 I 76.79 

11811.00 I Flow (cfs) 358.26 11086.48 I 341.58 

137.21 1 Top Width (ft) I 24.16 95.42 I 17.63 

7.57 I Avg . Vel. (ft/s) I 4.10 7.96 1 4.45 

1 Max Chi Dpth (ft) 1 

rconv. Total (cfs) I 245395.2 Conv. (cfs) 
~ -- -- ·+--- -- -
. Length W~(f!L . __ 11 .50 , Wetted Per. (ft) 

20.22 Hydr. Depth (ft) 
----l.. 3.61 I 14.59 4.36 

_ L_ 7_4_s9_.2___.__1 _ 2_3_o8_2_4_.2 _I _ 7111.8 ~ 
25.05 147.73 19.51 
---+----- --- . 

J'1in C~ El (ft) __ , ~.Q:~~hear (lb/sq__!!L ~ __ 0.50 1.36 0.57 . 

l ~lpha _ _ 1 __ 1~tream Power (lb/ft s) __ 359.50 0.00 0.00 

Frctn Loss (ft) . 0.02 Cum Volume (acre-ft) +- 11 .64 18.39 I _ 5.93 I 
1 C & E Los~ (ft)___-=-~--=- 0.04 " Cum SA (acre~ 5.08 __ 1_.29 t--~ ___ 1_.8_6 
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tK.J6T G-
Plan: Plan 03 Little Androscog Reach 1 RS: 1 000 BR U Profile· 50 yr 

~. I Pas I Left Sta I Right Sta I =FI-ow---,--A-re_a___,_-,---W- .P- .--,--!-P-er-ce_n_t--,--H-yd- r--,--V-e-lo-c-ity-,--S-he_a_r-,-1-P-ow_ e_r ] 

L -
1 

I (ft) I (ft) I (cfs) (sq ft) (ft) I Conv I Depth(ft) (ft/s) (lb/sq ft) I (lb/ft s) ! 
1-LO- B 63.40 -'----t1-14- 2.66 234.60 59.57 1 17.96 2.26 1 3.54 3.94 0.26 1 1.04 

Plan: Plan 03 Little Androscog Reach 1 RS· 1000 BR U Profile· 100 yr 

~ 1 
.2 
3 

4 

5 

6 

Pas 

__LI::2B 
1Chan 

I Chan 

Iehan 

1chan 

iChan 
~--

Iehan 7 

:a -
~'9_ 

10 

~ 1_1 __ 

112 

-f 
Chan 

Chan 

'Chan 

Chan 
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-
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I ·------~- -.., 
W.P. Percent Hydr I Velocity Shear Power 

(ft) I Conv Depth(ft) (ft/s) (lb/sq ft) ! (lb/~ ~J 
2184 1 2.56 3.52 4.16 0.30 1.23 

11.63 4.24 8.88 5.44 0.701 3.83 

33.60 1 0.82 12.48 1.84 1 r----0.14 -~ 
10.49 1 12.50 16.28 8.73 1.43 1 12.51 
10.40 I 14.08 17.42 9.19 1~ 14.22 ----
10.41J 14.33 1 17.61 9.25 1 1.56 14.45 

10.49j 15.28 18.36 9.46 1.32 15.30 
--; 

10.48 i 13.57 17.09 9.03 1.51 1~~ 10.43 1 15.79 1 8.59 1 
--

11 .92 1.40 12.00 

34.14 t 0.76 12.23 1.78 0.13 j 0.23 

10.77 , 6.30 10.91 6.57 ! 0.94 ! 6.~ 
20.89 1 3.64 4.73 4.87 0.38 : 1 .~ 

W.P. Percent I Hydr I Velocity I Shear Power ] 

(ft) Conv I Depth(ft) 
I 

(ft/s) I (lb/sq ft) .~ft s_u 
22.69 1 3.24 ! 2.49 3.64 0.41 1~ 

4.31 1 12.46 3.96 8.15 1 
4*t-

0.90 

151 1 
-

28.98 11.43 2.33 0 . 3~ 0.71 ---
10.79 12.21 1 15.11 8.oo l 1.92 15~ 

10.48 14.09 16.28 8.57 2.13 1 18.23 

10.63 15.37 1 17.25 8.83 ! 2.22 19.61 

10.92 17.29 1 18.72 9.15 1 2.34 21 :i§. 
10.85 13.45 1 16.05 1 8.30 1 2.03 16.82 

10.61 10.64 13.82 7.63 1 1.78 j 13.60 

28.28 1.27 1 10.40 0.28 0.61 2.20 

5.23 1 10.89 1 9.12 5.68 . 1.15 6.51 --
17.97 1 2 50 

I 
3.98 4.00 J 0.47 1.88 

·-

)~ 
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Plan: Plan 03 

E.G. US. (ft) 

Little Androscog Profile: 50 yr Reach 1 RS: 1000 

310.58 I Element 

309.96 1 E.G. E~v (ft) 
10367.00 1 W .S. Elev (ft) 

10367.00 [_crit ~s. (ft) 

I w.s. US. (ft) 

Q Total (cfs) 
I -

I 
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Q Weir (cfs) 
1
t Weir Sta Lft (ft) 
Wei ~ Sta Rgt (ft) 

Weir Submerg 

. Weir Max Depth (ft) 
~·- - --

Min El Weir Flow (ft) 

r Min El Prs (ft) 

f Delta EG (ft) 

Delta WS (ft) 
' BR Open Area (sq ft) 

BR Open Vel (ftls) 
I -

Coef of Q 

I Br Sel Method 

, Max Chi Dpth (ft) 

Vel Total (ft/s) 

Flow Area (sq ft) 

Froude #Chi 

Specif Force (cu ft) 

311 .11 Hydr Depth (ft) 

314 821 W .P. Total (ft) 
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I 
I 

l 
r 

Plan: Plan 03 

[E G US. (ft) 

Little Androscog Reach 1 RS: 1000 Profile: 100 yr 

~ 
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I 
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l '0feir Submerg 
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Coef of Q 

Br Sel Method 

r 311.43 1 Element f 
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11811 .00 r W.S . Elev (ft) 

11786.32 Crit W .S. (ft) 

24.68 ~ Max Chi Dpth (ft) 
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0.00 ~ Froude # Chi 
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' 
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{, 'il6 ""11 A) (j-
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18.0? I 
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0.35 

!_2632.6:3__ 1 
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0.04 
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0.61 

-311 95 
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310.35 
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0.36 
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0.04 

0.01 . 

0.70 l 
-311 .95 
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310.44 1 

309 .. 61 _1 
302.68 

19.51 

7.10 

1460.53 

0.35 

12520.83 

10.94 J 
185.55 1 

226485.0 -

133.48 

0.02 

0.03 
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-340.48 
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311.26 

310.32 
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Covered Bridge #3738 
Oxford, Maine 

10-02-2012 

Summary of Water Elevations from Hydraulic Analyses 

Existing Plan 1988 NAVD 
Event I Location Datum (+257.1') 

Scour Monitoring Event (QlO- POA Study) 49.90' 307.00' 

June 2012 High Water Event 52.00' 309.10' 

Close Bridge Event (Q50- POA Study) 52.10' 309.20' 

Q50 ( HECRAS Model of Exist ing Bridge) 52.50' 309.60' 

Q I 00 ( HECRAS Model of Existing Bridge) 53.40' 31 0.30' 

Existing Roadway is Breached and Mobi le Home is Flooded 53.90' 311.00' 

1987 Flood - Downstream of Bridge (Between I 00 and 500 yr) 53.90' 311.00' 

1987 Flood- Upstream of Bridge (Between 100 and 500 yr) 54.00' 311.1 0' 

• 1 foot of freeboard above Q100 54.40' 311.30' 

• 2feet of freeboard above Q50 (Other Riverine Bridge) 54.50' 311.60' 

Low Chord on Existing Bridge 54.90' 312.00' 

• 1 foot offreeboard above Record Flood (1987) 55.00' 312.10' 

Q500 ( HECRAS Model of Existing Bridge) 55.50' 312.60' 

• 4 feet of freeboard above Q50 (Major River Crossing) 56.50' 313.60' 

) 

Comments 

Low Mark on Scour POA Placard 

Don McKenna, Bridge Maintenance 
Supervisor, observed water within I" 
of the Bridge Closure Level on the 
Scour POA Placard. Steve Brown, 
Oxford Road Foreman noted the 
highest water level he has observed in 
his twenty years of service. 

High Mark on Scour POA Placard 
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HEC-RAS Plan: 
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Reach 1 
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1290 

1290 
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1150 

1150 
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1085 . 
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1043 
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1043 
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976 

976 
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976 

976 
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900 

900 

900 

900 

900 

725 

725 

725 

725 

725 

725 

590 

590 

590 

590 

590 

590 

550 

550 

550 

Profile 

1.1 yr 

10yr 

25 yr 

50 yr 

100yr 

500yr 

1.1 yr 

10yr 

25 yr 

50yr 

100 yr 

500 yr 

1.1 yr 

10 yr 

25 yr 

50 yr 

100 yr 

500 yr 

1.1 yr 

10 yr 

25 yr 

50 ~r 

100 yr 

_500 yr 

1.1 yr 

10y_r 

25_yr 

_50yr 

100yr 

500yr 

1.1 yr 

10 yr 

25 yr 

50 yr 

100 yr 

500 yr 

1.1 yr 

10 yr 

25 yr 

50 yr 

100yr 

500yr 

1.1 yr 

10 yr 

25 yr 

50 yr 

100yr 

5_Q~yr 

1.1 yr 

10yr 

25yr 

50yr 

_100 yr 

500 yr 

1.1 yr 

10 yr 

25 yr 

QTotal 

(cfs) 

2093.00 

7212 .00 

8992.00 

10367.00 

11811 .00 

15352.00 

2093.00 

7212.00 

8992 .00 

10367.00 

11811 .00 

15352.00 

2093.00 

7212 .00 

8992.00 

10367.00 

11811 .00 

15352.00 

2093.00 

7212.00 

8992.00 

10367.00 

11811 .00 

15352.00 

Bridge 

2093.00 

7212.00 

8992 .00 

10367.00 

11811.00 

15352.00 

2093.00 

7212 .00 

8992.00 

10367.00 

11811 .00 

15352.00 

2093.00 

7212.00 

8992.00 

10367.00 

11811 .00 

15352.00 

2093.00 

7212.00 

8992.00 

10367.00 

11811 .00 

15352.00 

2093.00 

7212 .00 

8992 .00 

10367.00 

11811 .00 

15352.00 

2093.00 

7212.00 

8992.00 

MinCh El 

(It) 

295 .50 

295.50 

295.50 

295.50 

295 .50 

295.50 

295.20 

295.20 

295.20 

295.20 

295.20 

295.20 

294 .00 

294 .00 

294 .00 

294.00 

294.00 

294.00 

294.50 

294.50 

294.50 

294.50 

294.50 

294.50 

294 .00 

294.00 

294 .00 

294.00 

294 .00 

294 .00 

293.50 

293.50 

293.50 

293.50 

293.50 

293.50 

292 .00 

292 .00 

292 .00 

292 .00 

292 .00 

292.00 

293.00 

293.00 

293.00 

293.00 

293.00 

293.00 

292.40 

292.40 

292.40 

292.40 

292.40 

292.40 

29 2 .00 

292.00 

292.00 

W.S. Elev CritW.S. 

(It) 

302.80 

309.43 

309.99 

310 .21 

311.02 

313.50 

302 .82 

309.55 

310 .16 

310 .37 

311 .19 

313.65 

302 .77 

309.46 

310.04 

310.22 

311 .02 

313.48 

302 .78 

309.47 

310.05 

310.23 

311 .03 

313.47 

302 .14 

308 .93 

309 .84 

309.95 

310.71 

313.16 

302 .05 

308.70 

309.51 

309.49 

310.14 

312.44 

302 .04 

308.69 

309.51 

309.49 

310.18 

312 .63 ./ 

302 .01 

308.73 

309.59 

309.60 

310.32 

312.82 

302 .04 

308.82 

309.71 

309.75 

310.48 

312 .92 

301 .82 

308.36 

309.15 

(It) 

300.29 

303.36 

304 .32 

304.98 

305.65 

307 .12 

297 .89 

300.82 

301 .61 

302 .21 

302 .76 

304.09 

295.84 

298.45 

299.16 

299.65 

300.14 

301 .26 

29 7 .90 

301.54 

302 .58 

E.G. Elev 

(It) 

303.09 

309.94 

310.69 

311 .01 

311 .87 

314 .32 

302.97 

309.81 

310 .52 

310.83 

311 .69 

314 .16 

302 .91 

309.76 

310.45 

310.75 

311 .60 

314.09 

302.88 

309.73 

310.41 

310 .69 

311.55 

314.05 

302 .28 

309.24 

310.24 

310.47 

311 .29 

313.78 

302 .24 

309.16 

310.14 

310.33 

311 .12 

313.58 

302 .20 

309.11 

310.07 

310.24 

311 .01 

313.41 

302 .13 

309.01 

309.93 

310.05 

310.80 

313.22 

302 .09 

308.94 

309.85 

309.94 

310.69 

313.13 

302.06 

308.89 

309.79 

E.G. Slope 

(fUft ) 

0.000994 

0.000614 

0.000804 

0.000933 

0.000928 

0.000758 

0.000465 

0.000326 

0.000414 

0.000513 

0.000516 

0.000432 

0.000354 

0.000352 

0.000455 

0.000572 

0.000581 

0.000496 

0.000232 

0.000254 

0.000336 

0.000425 

0.000446 

0.000410 

0.000354 

0.000398 

0.000457 

0.000588 

0.000604 

0.000516 

0.000479 

0.000491 

0.000606 

0.000811 

0.000883 

0.000842 

0.000364 

0.000441 

0.000544 

0.000727 

0.000775 

0.000643 

0.000308 

0.000290 

0.000340 

0.000450 

0.000459 

0.000346 

0.000094 

0.000102 

0.000122 

0.000160 

0.000169 

0.000151 

0 .000601 

0.000600 

0.000701 

Vel Chnl 

(IUs) 

4.27 

5.87 

6.93 

7.56 

7.87 

7.98 

3.16 

4.17 

4.88 

5.50 

5.78 

5.98 

2.95 

4.44 

5.23 

5.92 

6.23 

6.48 

2.57 

4.10 

4.86 

5.51 

5.87 

6.28 

3.10 

4.50 

5.11 

5.82 

6.17 

6.46 

3.54 

5.48 

6.37 

7.36 

7.95 

8.65 

3.17 

5.26 

6.06 

7.00 

7.45 

7.55 

2.79 

4.31 

4.88 

5.62 

5.87 

5.69 

1.75 

2.79 

3.18 

3.65 

3.88 

4.04 

3 .93 

6.03 

6.79 

Flow Area 

(sq It) 
490.17 

1619.63 

1751 .65 

2323.10 

2703.67 

4039 .97 

662 .25 

1997.67 

2247.70 

2339.09 

2704.69 

3945.83 

709.11 

1923.15 

2153.63 

2228.83 

2579.75 

3767 .64 

815 .93 

2067.37 

2248.59 

2310.40 

2605.99 

3649.76 

675.06 

1810.67 

2094.95 

2131 .03 

2399.69 

3434.07 

591 .86 

1359.28 

1485.39 

1482.08 

1588.32 

2261 .53 

660 .82 

1591.77 

2029.45 

2017.48 

2454.88 

4212 .78 

749 .18 

2533.05 

3259 .39 

3266 .72 

3991.34 

6780.82 

1196.75 

4175.19 

4919.74 

4960.19 

5604.85 

7958.63 

532.02 

2161 .57 

2781 .56 

Top Widlh 

(It) 

100.50 

409.83 

447 .80 

462 .50 

475.88 

568.57 

126.14 

396 .87 

422 .89 

432 .01 

464.73 

543.43 

120.57 

376.91 

421 .04 

425 .92 

448 .01 

515.79 

126.02 

309 .70 

338 .17 

348 .50 

393.34 

460.35 

106.47 

288.21 

332 .36 

337 .55 

370.48 

472 .04 

97 .91 

204.50 

254.25 

253.01 

291.48 

418.39 

102.37 

469.10 

591 .11 

588.11 

669.86 

763.10 

123.55 

756 .36 

934.87 

936.50 

1039.64 

1192.13 

169.50 

823.84 

866.79 

869.06 

904 .52 

1013.79 

83 .64 

715 .28 

861.55 

Froude #Chi 

0.34 

0.31 

0.35 

0.38 

0.38 

0.36 

0.24 

0.23 

0.26 

0.29 

0.29 

0.28 

0.21 

0.24 

0.27 

0.30 

0.31 

0.29 

0.18 

0.21 

0.24 

0.27 

0.28 

0.27 

0.22 

0.25 

0.27 

0.31 

0.32 

0.30 

0.25 

0.28 

0.32 

0.37 

0.39 

0.39 

0.22 

0.26 

0.29 

0.34 

0.35 

0.33 

0.20 

0.21 

0.24 

0.27 

0.28 

0.25 

0.12 

0.13 
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HEC-RAS Plan : (Continued) 

Reach River Sta Profile Q Total MinCh El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude #Chi ---- ----
(cis) __ (It) (ft) (ft) (It) (ftlft) (ft/s) (sq ft) (It) 

Reach 1 550 50 yr 10367.00 292 .00 308.95 303.32 309.85 0.001002 8.04 2612.71 824.29 0.39 ----
Reach 1 550 100yr 11811 .00 292 .00 309.66 304 .05 310.60 0.001001 8.33 3250.99 957 .54 0.40 

Reach 1 550 500 yr 15352.00 292 .00 312.49 306.35 313 .09 0.000600 7.31 6317 .01 1172.16 0.32 
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Plan: Plan 25 Little Androscog Reach 1 RS: 1063 BR U Profile: 50 yr 

E.G. Elev (ft) 310 .61 Element Left OB Channel Right OB 

Vel Head (ft) 0.73 Wt. n-Val. 0.120 0.030 0.090 

W.S. Elev (ft) 309 .88 Reach Len . (ft) 33.30 33.30 33 .30 

Grit W .S. (ft) 303.49 Flow Area (sq ft) 14.68 1510 06 0.24 

E.G. Slope (ftlft) 0.001036 Area (sq ft) 14.68 1510.06 0.24 

Q Total (cfs) 10367.00 Flow (cfs) 8.42 10358.53 0.05 

Top W idth (ft) 142.89 Top W idth (ft) 7.57 134.45 0.87 

Vel Tota l (ft/s) 6.80 Avg . Vel. (ft/s) 0.57 6.86 0.20 

Max Chi Dpth (ft) 15.17 Hydr. Depth (ft) 1.94 11 .23 0.27 

Conv. Total (cfs) 322127.4 Conv. (cfs) 261 .7 321864.2 1.5 

Length Wtd. (ft) 33.30 Wetted Per. (ft) 8.50 169.16 1.03 

Min Ch El (ft) 294.71 Shear (lb/sq ft) 0.11 0.58 0.01 

A lpha 1.02 Stream Power (lb/ft s) 152.00 0.00 0.00 

Frein Loss (ft) 0.03 Cum Volume (acre-ft) 8.58 21 .00 4.66 

C & E Loss (ft) 0.03 Cum SA (acres) 4.68 1.60 1.69 

Plan : Plan 25 Little Androscog Reach 1 RS: 1063 BR U Profile: 100 yr 

E.G. Elev (ft) 311.45 Element Left OB Channel Right OB 

Vel Head (ft) 0.83 Wt. n-Val. 0.120 0.030 0.090 

W S. Elev (ft) 310.62 Reach Len . (ft) 33 .30 33 .30 33.30 

Grit W.S (ft) 304.22 Flow Area (sq ft) 21 .66 1609.48 1.32 

E.G. Slope (ft/ft) 0.001099 Area (sq ft) 21 .66 1609.48 1.32 

Q Tota l (cfs) 11811.00 Flow (cfs) 13.68 11786.53 0.48 

Top Width (ft) 146.28 Top Width (ft) 9.77 134.45 2.05 

Vel Total (ft/s ) 7.23 Avg . Vel. (ftls) 0.63 7.32 0.36 

Max Chi Dpth (ft) 15.91 Hydr. Depth (ft) 2.22 11 .97 0.64 

Conv. Total (cfs) 356307.2 Conv. (cfs) 412.9 355879.8 14.5 

Length Wtd . (ft) 33 .30 Wetted Per. (ft) 11 .33 170.64 2.42 

Min Ch El (ft) 294.71 Shear (lb/sq ft) 0.13 0.65 0.04 

A lpha 1.03 Stream Power (lb/ft s) 152.00 0.00 0.00 

Frctn Loss (ft) 0.04 Cum Volume (acre-ft) 12.18 22.14 5.95 

C & E Loss (ft) 0.03 Cum SA (acres) 5.32 1.60 1.87 

Plan : Plan 25 Little Androscog Reach 1 RS: 1063 BR D Profile: 50 yr 

E.G. Elev (ft) 310 .55 Element Left OB Channel Right OB 

Vel Head (ft) 0.67 Wt. n-Val. 0.030 

W .S. Elev (ft) 309.88 Reach Len . (ft) 5.70 5.70 5.70 

Grit W.S (ft) 302 .99 Flow Area (sq ft) 1573.37 

E.G. Slope (ft/ft) 0.000984 Area (sq ft) 1573.37 

Q Total (cfs) 10367.00 Flow (cfs) 10367.00 

Top W idth (ft) 142.87 Top Width (ft) 142.87 

Vel Total (ftls ) 6 .59 Avg . Vel. (ftls) 6.59 

Max Chi Dpth (ft) 15.88 Hydr. Depth (ft) 11 .01 

Conv. Tota l (cfs) 330518.4 Conv. (cfs) 330518.4 

Length Wtd . (ft) 5.70 Wetted Per. (ft) 180.13 

Min Ch El (ft) 294.00 Shear (lb/sq ft) 0.54 

Alpha 1.00 Stream Power (lb/ft s) 136.41 0.00 0.00 

F rctn Loss (ft) 0.00 Cum Volume (acre-ft) 8.58 19.82 4.66 

C & E Loss (ft) 0.08 Cum SA (acres) 4.67 1.49 1.69 



Plan : Plan 25 Little Androscog Reach 1 RS : 1063 BR D Profile : 100 yr 

E.G. Elev (ft) 311 .38 Element Left OB Channel Right OB 

Vel Head (ft) 0.77 Wt. n-Val. 0 .1 20 0.030 

W.S . Elev (ft) 310.62 Reach Len . (ft) 5.70 5.70 5.70 

Crit W .S. (ft) 303 .73 Flow Area (sq ft) 1.21 1680 02 
-

E.G . Slope (fUft) 0.001050 Area (sq ft) 1.21 1680.02 

Q Total (cfs) 11811.00 Flow (cfs) 0.30 11800.39 

Top Width (ft) 146.27 Top Width (ft) 1.98 144.29 

Vel Tota l (fUs) 7 02 Avg . Vel. (fUs) 0.24 7.02 

Max Chi Dpth (ft) 16.62 Hydr. Depth (ft) 0.61 11.64 

Conv . Total (cfs) 364463.6 Conv. (cfs) 9.1 364454 .5 

Length Wtd . (ft) 5.70 Wetted Per. (ft) 2.57 183.29 -
Min Ch El (ft) 294 .00 Shear (lb/sq ft) 0.03 0.60 

Alpha 1.00 Stream Power (lb/ft s) 136.41 0.00 0.00 

Frein Loss (ft) 0.00 Cum Volume (acre-ft) 12.17 20.89 5.95 

C & E Loss (ft) 0.10 Cum SA (acres) 5.32 1.49 1.87 



Plan : Plan 25 Little Androscog Reach 1 RS: 1063 Profile : 50 yr 

E.G. US. (ft) 310.69 Element Inside BR US Inside BR DS 

W.S US. (ft) 310.23 E.G. Elev (ft) 310.61 310.55 

Q Total (cfs) 10367.00 WS. Elev (ft) 309.88 309.88 

Q Bridge (cfs) 10367.00 Grit WS (ft) 303.49 302.99 

Q Weir (cfs) Max Chi Dpth (ft) 15.17 15.88 

Weir Sta Lft (ft) Vel Total (ft/s) 6.80 6.59 

Weir Sta Rgt (ft) Flow Area (sq ft) 1524.98 1573.37 

Weir Submerg Froude #Chi 0.36 0.35 

Weir Max Depth (ft) Specif Force (cu ft) 11844.22 12473.87 

Min El Weir Flow (ft) 311.01 Hydr Depth (ft) 10.67 11 .01 

Min El Prs (ft) 315.00 WP Total (ft) 178.69 180.13 

Delta EG (ft) 0.23 Conv. Total (cfs) 322127.4 330518.4 

Delta WS (ft) 0.28 Top Width (ft) 142.89 142.87 

BR Open Area (sq ft) 2084.65 Frctn Loss (ft) 0.03 0.00 

BR Open Vel (ftls) 6.80 C & E Loss (ft) 0.03 0.08 

Coef of Q Shear Tota l (lb/sq ft) 0.55 0.54 

Br Sel Method Energy only Power Total (lb/ft s) -487.19 -487.19 

Plan : Plan 25 Little Androscog Reach 1 RS: 1063 Profile : 100 yr 

E.G. US (ft) 311 .55 Element Inside BR US Inside BROS 

ws us (ft) 311 03 E.G. Elev (ft) 311.45 311 .38 

Q Total (cfs) 11811 .00 W.S. Elev (ft) 310.62 .310.62 

Q Bridge (cfs) 11800.69 Grit WS. (ft) 304.22 303.73 

Q Weir (cfs) 10.31 Max Chi Dpth (ft) 15.91 16.62 
-

Weir Sta Lft (ft) -304 .19 Vel Total (ft/s) 7.23 7.02 

Weir Sta Rgt (ft) -276 .59 Flow Area (sq ft) 1632.45 1681 .23 

Weir Submerg 0.00 Froude #Chi 0.37 0.36 

Weir Max Depth (ft) 0.55 Specif Force (cu ft) 13485.41 14134.30 

Min El Weir Flow (ft) 311 .01 Hydr Depth (ft} 11 .16 11.49 

Min El Prs (ft) 315.00 WP. Total (ft) 184.39 185.85 

Delta EG (ft) 0.26 Conv. Total (cfs) 356307.2 364463.6 

Delta WS (ft) 0.32 Top Width (ft) 146.28 146.27 

BR Open Area (sq ft) 2084.65 Frctn Loss (ft) 0.04 0.00 

BR Open Vel (ft/s) 7.23 C & E Loss (ft) 0.03 0.10 

Coef of Q Shear Total (lb/sq ft) 0.61 0.59 

Br Sel Method Energy/Weir Power Total (lb/ft s) -487 .19 -487.19 



Plan: Plan 25 Little Androscog Reach 1 RS: 1063 BR U Profile: 50 yr 
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Plan : Plan 25 Little Androscog Reach 1 RS: 1063 BR D Profile: 50 yr 
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Plan : Plan 25 Little And roscog Reach 1 RS: 1063 BR D Profile: 100 yr 
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Plan : Plan 25 Little Androscog Reach 1 RS: 1063 BR D Profile: 100 yr (Continued) 

Pas Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power 

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ftls) (lb/sq ft) (lb/ft s) 

8 Chan 15.20 30 .89 2122.74 241 .57 15.71 17.99 15.40 8.79 1.01 8.86 

9 Chan 30.89 46 .58 2080.78 246.35 17.01 17.63 15.70 8.45 0.95 802 

10 Chan 46.58 62 .26 904.59 151.57 17.62 7.67 9.66 5.97 0.56 3.37 

11 Chan 62.26 77.95 83.97 30.94 " 11 .73 0.71 3.11 2.71 0. 17 0.47 
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Oxford Bridge Number 3738 

Pier Scour 

flood Velocity 

Flood depth, y1 , fps 

Q50 13.9 8.6 

Q100 14.7 9.1 

Q500 17.1 10.1 

FR a 

0.4065 

0.4183 

0.4304 

*"a"- pier width in feet X 1.25 for debris 

a*l.25 

(debris) 

2.5 3.125 

2.5 3.125 

2.5 _3.12~ 

** assumed NO rip rap protection at piers or abutments 

Ys =a X 2.0 X K1 X K2 x K3 X (y1/a)A0.35 * Fr A.43 

K1 

Pier Scour Equation 7.1 from HEC-18, 5th Edition, April, 2012 

L = 6 *a L/a K2 K3 

1 15 6 1.45 1.1 

1 15 6 1.45 1.1 

1 15 6 L._ 1.45 _1-.1: 

Total 

Contrac- projected Ysmax for projected I 

tion Ys, Total HECRAS HECRAS width= projected width w/ 
I 

Ys, pier Scour Scour total average a*debris*K2 width debris by plot Ysmax 
CSU equa Froelich 

11.4 1.18 12.6 12.61 12.96 12.79 4.53125 10.875 8.25 19.8 
11.8 0.93 12.7 13.26 13.39 13.33 4.53125 10.875 8.25 19.8 

___!_2.§. L .. - _Q ~ 12.6 
-

12.36 12.29 12.33 4.53125 10.875 8.25 19.8 
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Contraction Scour 

so- (fcu-J 
Left Channel Right 

Input Data 

Average Depth (ft): 1.87 11.79 0.60 

Approach Velocity (ft/s): 0.45 5.93 0.28 

Br Average Depth (ft): 2.39 11.42 0.79 

BR Opening Flow (cfs): 12.80 10353.07 1.12 

BR Top WD (ft): 8.43 134.45 3.46 

Grain Size D50 (mm): 0.67 0.67 0.67 

Approach Flow (cfs): 225.88 10139.14 1.98 

Approach Top WD (ft): 268.35 145.00 11.91 

K1 Coefficient: 0.640 0.640 0.590 

Results 

Scour Depth Ys (ft): 0.00 1.18 0.00 

Critical Velocity (ft/s): 1.62 2.20 1.34 

Equation: Clear Live Clear 

Pier Scour 

All piers have the same scour depth 

Input Data 

Pier Shape: Round nose 

Pier Width (ft): 6.83 

Grain Size D50 (mm): 0.67000 

Depth Upstream (ft): 15.39 

Velocity Upstream (ft/s): 6.09 

K1 Nose Shape: 1.00 

Pier Angle: 0.00 

Pier Length (ft): 33.30 

K2 Angle Coef: 1.00 

K3 Bed Cond Coef: 1.10 

Grain Size D90 (mm): 2.00000 

K4 Armouring Coef: 1.00 

Results 

Scour Depth Ys (ft): 11.44 

Froude #: 0.27 

Equation: CSU equation 

Abutment Scour 
Left Right 

Input Data 

Station at Toe (ft): -73.16 97.61 

Toe Sta at appr (ft): -62.03 112.46 

Abutment Length (ft): 250 40 

Depth at Toe (ft): 4.1 4.2 

K1 Shape Coef: 0.55 - Spill-through abutment 

Degree of Skew (degrees): 90.00 90.00 

K2 Skew Coef: 1.00 1.00 

Projected Length L' (ft): 250 40 

Avg Depth Obstructed Ya (ft): 4.1 4.2 

Flow Obstructed Qe (cfs): 150 5 

Area Obstructed Ae (sq ft): 300 12 

Results 
Scour Depth Ys (ft): 5.79 6.01 

Qe/Ae = Ve: 0.00 0.42 

t;. )i' 
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Froude #: 

Equation: 

Combined Scour Depths 

Pier Scour+ Contraction Scour (ft): 

Left abutment scour+ contraction scour (ft): 

Right abutment scour+ contraction scour (ft): 

0.04 

HIRE 

0.04 
Froehlich 

Channel: 12.61 

5.79 
6.01 
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Contraction Scour 
/00 -tcv.-J 

Left Channel Right 
Input Data 

Average Depth (ft): 2.56 12.59 1.00 
Approach Velocity (ft/s): 0.56 6.24 0.40 
Br Average Depth (ft): 2.40 12.16 1.14 

BR Opening Flow (cfs): 18.39 11789.38 3.23 

BR Top WD (ft): 11.72 134.45 5.16 

Grain Size D50 (mm): 0.67 0.67 0.67 

Approach Flow (cfs): 403.94 11399.17 7.89 

Approach Top WD (ft): 282.39 145.00 19.94 

K1 Coefficient: 0.640 0.640 0.590 

Results 

Scour Depth Ys (ft): 0.00 1.44 0.00 

Critical Velocity (ft/s): 1.70 2.22 1.46 

Equation: Clear Live Clear 

Pier Scour 

All piers have the same scour depth 

Input Data 

Pier Shape: Round nose 

Pier Width (ft): 6.83 

Grain Size D50 (mm): 0.67000 

Depth Upstream (ft): 16.18 

Velocity Upstream (ft/s): 6.47 

K1 Nose Shape: 1.00 

Pier Angle: 0.00 

Pier Length (ft): 33.30 

K2 Angle Coef: 1.00 

K3 Bed Cond Coef: 1.10 

Grain Size D90 (mm): 2.00000 

K4 Armouring Coef: 1.00 

Results 

Scour Depth Ys (ft): 11.82 

Froude #: 0.28 

Equation: CSU equation 

Abutment Scour 
Left Right 

Input Data 

Station at Toe (ft): -73.16 97.61 

Toe Sta at appr (ft): -62.03 112.46 

Abutment Length (ft): 250 40 

Depth at Toe (ft): 4.95 5 

K1 Shape Coef: 0.55 -Spill-through abutment 

Degree of Skew (degrees): 90.00 90.00 

K2 Skew Coef: 1.00 1.00 

Projected Length L' (ft): 250 40 

Avg Depth Obstructed Ya (ft): 1.6 1.00 

Flow Obstructed Qe (cfs): 181 6 

Area Obstructed Ae (sq ft): 344 16 

Results 

Scour Depth Ys (ft): 7.08 2.16 

Qe/Ae = Ve: 0.00 0.38 
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Froude#: 

Equation: 

Combined Scour Depths 

Pier Scour+ Contraction Scour (ft): 

0.04 

HIRE 
0.07 

Froehlich 

Channel: 13.26 

Left abutment scour+ contraction scour (ft): 7.08 

Right abutment scour+ contraction scour (ft): 2.16 
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5()0 ~ ~~ Contraction Scour 

Left Channel Right 
Input Data 

Average Depth (ft): 4.52 15.05 2.23 
Approach Velocity (ftfs): 0.75 6.50 0.63 
Br Average Depth (ft): 20.23 2.39 
BR Opening Flow (cfs): 22.26 14523.02 23.60 
BR Top WD (ft): 96.56 10.47 
Grain Size D50 (mm): 0.67 0.67 0.67 
Approach Flow (cfs): 1109.84 14179.84 62.32 
Approach Top WD (ft): 325.52 145.00 44.58 
K1 Coefficient: 0.640 0.640 0.640 

Results 

Scour Depth Ys (ft): 0.00 0.00 
Critical Velocity (ftls): 2.29 1.66 
Equation: Live Clear 

Pier Scour 

All piers have the same scour depth 

Input Data 

Pier Shape: Round nose 
Pier Width (ft): 6.83 

Grain Size D50 (mm): 0.67000 

Depth Upstream (ft): 18.63 

Velocity Upstream (ftls): 6.87 

K1 Nose Shape: 1.00 

Pier Angle: 0.00 

Pier Length (ft): 33.30 

K2 Angle Coef: 1.00 

K3 Bed Cond Coef: 1.10 

Grain Size D90 (mm): 2.00000 

K4 Armouring Coef: 1.00 

Results 

Scour Depth Ys (ft): 12.36 

Froude #: 0.28 

Equation: CSU equation 

Abutment Scour 

Left Right 

Input Data 

Station at Toe (ft): -73.16 97.61 

Toe Sta at appr (ft): -62.03 112.46 

Abutment Length (ft): 250 40 

Depth at Toe (ft): 7.4 7.4 

K1 Shape Coef: 0.55 - Spill-through abutment 

Degree of Skew (degrees): 90.00 90.00 

K2 Skew Coef: 1.00 1.00 

Projected Length L' (ft): 250 40 

Avg Depth Obstructed Ya (ft): 3.7 2.23 

Flow Obstructed Qe (cfs): 641 52 

Area Obstructed Ae (sq ft): 858 43 

Results 

Scour Depth Ys (ft): 11.01 5.17 

Qe/Ae = Ve: 0.00 1.21 
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Froude #: 

Equation: 

0.05 
HIRE 

0.14 

Froehlich 
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Crushed or uncrushed material for Underdrain Type C shall conform to the following table: 

Sieve 
Designation 

Metric US Customary 

25.0 mm 1 in 
19.0 mm ~ in 

9.5mm % in 
4.75 mm No.4 
2.00mm No. 10 

Percentage by Weight 
Passing Square Mesh Sieves 

100 
90-100 

0-75 
0-25 
0-5 

703 .24 Stone for French Drains Stones for French drains shall consist of hard, durable rock 
and shall conform to the following table: 

Sieve 
Designation 

Metric US Customary 

150 mm 6 in 
37.5 inm 112 in 
4.75 mm No.4 

Percentage by Weight 
Passing Square Mesh Sieves 

90-100 
0-40 
0-5 

Gradation test shall conform to AASHTO T27 except that the total sample shall be sieved 
and the minimum weight of the sample will be 55 kg [120 lb]. 

703.25 Stone Fill Stones for stone fill shall consist of sound durable rock that will not 
disintegrate by exposure to water or weather. Either field stone or rough, unhewn quarry stone 
may be used. Stones shall weigh from 5 kg [10 lb] to a maximum of225 kg [500 lb] or larger if 
approved by the Resident. 50 percent by weight of the stones shall be approximately I 00 kg 
[200 lb]. 

703.26 Plain and Hand Laid Riprap Stones shall consist of sound durable rock which will 
not disintegrate by exposure to water or weather. Either field stone or rough, unhewn quarry 
stone may be used. Exposed stones shall be angular and as nearly rectangular in cross-section 
as practicable. Rounded boulders or cobbles will not be permitted. Stones shall weigh from 5 
kgif616J::!o 100 k((20fibJ)xcept that when available suitable stones weighing more than 90 
kg[150 lb] may be l:iSeCF"' Approximately 50% of the stones by volume, shall exceed a mass of 
25 kg [50 lb] each. 

703.27 Stone Blanket Stones shall consist of sound durable rock that will not disintegrate 
by exposure to water or wind. Eit eld stone or rough, unhewn quarry stone may be used. 
Stones shall weigh from 150 k [300 lb to 1500 kg<Q:[QO lOW Approximately 50% of the 
stones, by volume, shall exceed am :450 kg [1 ,000 lb] each. 

7-20 



703.28 Heavy Riprap Stones shall consist of sound, durable rock, resistant to the action of 
air and water. Either field stone or rough, unhewn quarry stone may be used. The exposed 
stones shall be angular. R~or thin, flat stones will not be permitted. Stones shall h. ave a 
minimum weight of 225 k [500 ] each and at least 50% of the stones, by volume. shall 
exceed 450 kg [1 ,000 lb] eac . 

703.29 Stone Ditch Protection Rock used for ditch protection shall consist of sound, durable 
rock that will not disintegrate by exposure to water or weather. Fieldstone, rough quarry stone, 
blasted ledge rock or tailings may be used. The rock shall be graded within the following limits 
or as otherwise approved. 

Sieve 
Designation 

Metric US Customary 

300mm 
100 mm 

12 in 
4 in 

Percentage by Weight 
Passing Squar~ Mesh Sieves 

90-100 
0-15 

The size of any stone shall not exceed 450 mm [18 in] when measured along its longest axis. 

703.31 Crushed Stone Crushed stone shall be obtained from rock of unif01m quality and 
shall consist of clean, angular fragments of quarried rock, free from soft disintegrated pieces or 
other objectionable matter. 

The stone, which shall be similar to railroad ballast, shall meet the following gradation 
requirements in the stockpile at the source. 

Sieve 
Designation 

Metric US Customary 

63mm 2 Y:z in 
50mm 2 in 
25mm 1 in 
19mm % in 

Percentage by Weight 
Passing Square Mesh Sieves 

100 
95-100 

0-30 
0-5 

SECTION 704- MASONRY UNITS 

704.01 Clay or Shale B1ick Except as modified below, brick shall conf01m to the 
requirements of one of the following specifications: 

Type ofBrick 

Sewer and Manhole 
Building 

Specification 

AASHTO M91 , Grade MS or SM 
AASHTO Ml14, Grade SW 
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S=~ 
g Yw (4.4) 

Typically, a m1n1mum allowable specific gravity of 2.5 is required for riprap applications. 
Where quarry sources uniformly produce rock with a specific gravity significantly greater than 
2.5 (such as dolomite, S9 = 2.7 to 2.8) , the equivalent stone size can be substantially 
reduced and still achieve the same particle weight gradation. 

Size and weight Based on field studies, the recommended relationship between size and 
weight is given by: 

(4.5) 

where: 

W Weight of stone, lb (kg) 
Ys Density of stone, lb/ft3 (kg/m3

) 

d Size of intermediate ("B") axis, ft (m) 

Table 4.1 provides recommended gradations for ten standard classes of riprap based on the 
median particle diameter d50 as determined by the dimension of the intermediate ("B") axis . 
These gradations conform to those recommended in NCHRP Report 568 (Lagasse et al. 
2006). The proposed gradation criteria are based on a nominal or "target" d50 and a 
uniformity ratio d8sfd1s that results in riprap that is well graded. The target uniformity ratio 
d8sld1 5 is 2.0 and the allowable range is from 1.5 to 2.5. 

Table 4.1. Minimum and Maximum Allowable Particle Size in Inches. 

Nominal Riprap 
Class by Median d1s dso dss d100 
Particle Diameter 

Class Size Min Max Min Max Min Max Max 

I 6 in 3.7 5.2 5.7 6.9 7.8 9.2 12.0 
II 9in 5.5 7.8 8.5 10.5 11.5 14.0 18.0 
Ill 12in 7.3 10.5 11.5 14.0 15.5 18.5 24.0 
IV 1("15 in" 9.2 13.0 14.5 175. 19.5 23.0 30.0 
v ~ "11.0 15.5 17.0 20.5 23.5 27.5 36.0 
VI 21 in 13.0 18.5 20.0 24.0 27.5 32.5 42.0 
VII 24in 14.5 21.0 23.0 27.5 31.0 37.0 48.0 
VIII 30in 18.5 26.0 28.5 34.5 39.0 46.0 60.0 
IX 36in 22.0 31 .5 34.0 41 .5 47.0 55.5 72.0 
X 42in 25.5 36.5 40.0 48.5 54.5 64.5 84.0 

Note : Particle size d corresponds to the intermediate ("B") axis of the particle. 

Based on Equation 4.5, which assumes the volume of the stone is 85% of a cube, Table 4.2 
provides the equivalent particle weights for the same ten classes, using a specific gravity of 
2.65 for the particle density. 
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Table 4.2. Minimum and Maximum Allowable Particle Weight in Pounds. 
Nominal Riprap 
Class by Median W,s Wso Was W,oo 
Particle Weight 

Class Wejght Min Max Min Max Min Max Max 
I 20ib 4 12 15 27 39 64 140 
II 60 lb 13 39 51 90 130 220 470 
Ill 150 lb 32 93 120 210 310 510 1100 
IV 3001b 62 180 240 420 600 1,000 2,200 
v 1/4 ton 110 310 410 720 1,050 1,750 3,800 
VI 3/8 ton 170 500 650 1,150 1,650 2,800 6,000 
VII 1/2 ton 260 740 950 1,700 2,500 4,100 9,000 
VIII 1 ton 500 1,450 1,900 3,300 4,800 8,000 1,7600 
IX 2 ton 860 2,500 3,300 5,800 8,300 13,900 30,400 
X 3 ton 1,350 4,000 5,200 9,200 13,200 22,000 48,200 

Note: Weight limits for each class are estimated from particle size by: W = 0.85(y5d
3

) where d 
corresponds to the intermediate ("B") axis of the particle, and particle specific gravity is taken 
as 2.65. 

4.2.5 Recommended Tests for Rock Quality 

Standard test methods relating to material type , characteristics , and testing of rock and 
aggregates typically associated with riprap installations (e.g., filter stone and bedding layers) 
are provided in this section and are recommended for specifying the quality of the riprap 
stone. In general , the test methods recommended in this section are intended to ensure that 
the stone is dense and durable, and will not degrade significantly over time. 

Rocks used for riprap should only break with difficulty, have no earthy odor, no close1y 
spaced discontinuities Uoints or bedding planes), and should not absorb water easily. Rocks 
comprised of appreciable amounts of clay, such as shales, mudstones, and claystones, are 
never acceptable for use as fill for gabion mattresses. Table 4.3 summarizes the 
recommended tests and allowable values for rock and aggregate. 

4.2.6 Filter Requirements 

The importance of the filter component of revetment riprap installation should not be 
underestimated. Geotextile filters and granular filters may be used in conjunction with riprap 
bank protection . When using a granular stone filter , the layer should have a minimum 
thickness of 4 times the d50 of the filter stone or 6 inches, whichever is greater. When placing 
a granular filter under water, its th ickness should be increased by 50%. 

The filter must retain the coarser particles of the subgrade while remaining permeable 
enough to allow infiltration and exfiltration to occur freely. It is not necessary to retain all the 
particle sizes in the subgrade; in fact, it is beneficial to allow the smaller particles to pass 
through the filter, leaving a coarser substrate behind . Detailed aspects of filter design are 
presented in Design Guideline 16 of this document. 

Some situations call for a composite filter consisting of both a granular layer and a geotextile . 
The specific characteristics of the base soil determine the need for, and design 
considerations of the filter layer. In cases where dune-type bedforms may be present at 
the toe of a bank slope protected with riprap, and where adequate toe down extent 
cannot be ensured, it is strongly recommended that only a geotextile filter be 
considered. 

DG4.8 



4.2.7 Edge Treatment and Termination Details 

Riprap revetment should be toed down below the toe of the bank slope to a depth at least as 
great as the depth of anticipated long-term bed degradation plus toe scour (see Volume 1, 
Section 4.3.5) . Installations in the vicinity of bridges must also consider the potential for 
contraction scour. 

Recommended freeboard allowance calls for the riprap to be placed on the bank to an 
elevation at least 2.0 feet greater_ than the design high water level. Upstream and 
downstream terl!linations shou_ld utilize a key trench that is dimensioned in relation to the d50 
size of the riprap. Where the design water level is near or above the top of bank, the riprap 
should be carried to the top of the bank. Figures 4.2, 4.3, and 4.4 are schematic diagrams 
that summarize these recommendations. If toe down cannot be placed beiow the anticipated 
contraction scour and degradation depth (Figure 4.2), a mounded toe approach (Figure 4.3) 
is suggested. · 

Geotextile or 
granular filter 

Maximum scour depth = 
(Contraction scour) 

+ (Long-term degradation) 
+ (Toe scour) 

Design high water 

Minimum riprap 
thickness = larger of (1 .5d50 or d100) 

Ambient bed elevation 

~ &-:.7d 1 

Toe down riprap tW .. ~ ' 0 
maximum scour depth 

Figure 4.2. Riprap revetment with buried toe. 

Geotextile or 
granular filter 

Minimum freeboard 2ft (0.6 m) 

~.~' \} 
Design high water 

Figure 4.3. Riprap revetment with mounded toe. 
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4.6 EDGE TREATMENT 

The edges of riprap revetments (head, toe, and flanks) require special treatment to 
prevent undermining. 

Flanks: The flanks of the revetment should be designed as illustrated in figure 20. 
The upstream flank is illustrated in part (b) and the downstream flank in part (c) of 
figure 20. An alternative to the upstream flank section illustrated in part (b) is to fill 
the compacted fill area with riprap. 

~: Undermining of the revetment toe is one of the primary mechanisms of riprap 
failure. The toe of the riprap should be designed as illustrated in figure 21. The toe 
material should be placed in a toe trench along the entire length of the riprap blanket 
as illustrated in figure 21. Where a toe trench cannot be dug, the riprap blanket 
should terminate in a thick, narrow stone toe at the level of the streambed (see 
alternate design in figure 21). Care must be taken during the placement of the stone 
to ensure that the toe material does not mound and form a low dike; a low dike along 
the toe could result in flow concentration along the revetment face which could stress 
the revetment to failure. In addition, care must be exercised to ensure that the 
channel's design capability is not impaired by placement of too much riprap in a toe 
mound. 

The size of the toe trench or the alternate stone toe is controlled by the 
antici ated de th of scour alon the reve ment. As scour occurs (and in most cases it 
will) the stone m t e toe will launc into the eroded area as illustrated in figure 22. 
Observation of the performance of these types of rock toe designs indicates that the 
riprap will launch to a final slope of approximately 2:1. The volume of rock required 
for the toe must be equal to or exceed one and one-half times the volume of rock 
required to extend the riprap blanket (at its design thickness and on a slope of 2:1) to 
the anticipated depth of scour. Establishing a design scour depth is covered in section 
3.6.2.2. 

4.7 CONSTRUCTION 

Additional considerations related to the construction of riprap revetments include 
bank slope or angle, bank preparation, and riprap placement. 

Bank slope: A primary consideration in the design of stable riprap bank protection 
schemes is the slope of the channel bank. For riprap installations, the maximum 
recommended face slope is 2:1. 

Bank Preparation: The bank should be prepared by first clearing all trees and debris 
from the bank, and grading the bank surface to the desired slope. In general, the 
graded surface should not deviate from the specified slope line by more than 6 in (15 
em). However, local depressions larger than this can be accommodated since initial 
placement of filter material and/or rock for the revetment will fill these depressions. 
In addition, any large boulders or debris found buried near the edges of the revetment 
should be removed. 

Riprao Plas;ement: The common methods of riprap placement are hand placing; 
machine placing, such as from a skip, dragline, or some form of bucket; and dumping 
from trucks and spreading by bulldozer. Hand placement produces the best riprap 
revetment, but it is the most expensive method except when labor is unusually 
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