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d. 500-yr 17,000   46.9 
 

 Preliminary Data for FEMA MAPMOD update program.  USGS has recently redone the 
hydraulic model in this area.  The model was furnished by USGS. Because the USGS model was 
designed to map the City of Westbrook, limited geometric data was obtained for the Sappi 
buildings, the channels below them, the dams and the twin bridges.  The new model does use the 
same flow distribution as used for this study, and downstream elevations used for that model were 
evaluated for use as boundary conditions for the HECRAS model for the Bridge PDR study.   
Model results from the USGS model (assumed NAVD) are summarized below:  
 
Flood Frequency  US Sappi Bridge US dams US Cumberland Mills BR 
1996   44.8   52.3  52.6 
50-year   41.1   50.1  50.0 
100-year  42.4   51.0  50.9 
500-year  45.7   53.3  53.9 
 

 USGS Gage Data at Sappi Bridge downstream of Mill.  Gage No. 01064118 Presumpscot River 
at Westbrook.  
From 1976 to present, USGS reported measured gage height.  From 1976 to 1997, flow rate was 
also reported.  The gage datum is 13.42’ above NGVD 1929 and the river drains 577 square miles 
at this location, including Sebago Lake.   
 

 USGS Regional Formula for Peak Flow:  Estimating the Magnitude and Frequency of Peak 
Flows for Streams in Maine for Selected Recurrence Intervals.  Based on this report and on 
MDOT recommendations, the following flow-frequency distribution was adopted for this project.   
 
1.1-yr:    2,450 cfs 
1916/1954:  12,400 cfs 
25-yr  13,000 cfs 
50-yr  15,700 cfs 
100-yr  18,900 cfs 
1996:   23,300 cfs 
500-yr:   28,000 cfs 
 

 Sappi Dam Removal and Fishway Studies:  
 

o Kleinshmidt worked with Sappi to determine potential effects of dam removal.  Dam 
removal was investigated as a means to address fish passage issues.  Kleinshmidt 
Associates did extensive and detailed survey and modeling through the Sappi buildings 
for the dam removal study.  This study was focused on low flows, but also found that 
under high flow conditions, the dam became completely submerged.  The frequency of 
flow for the submerged condition was not determined, but was found to occur at high 
flows.  The Kleinshmidt model was obtained through Sappi.  This data was purchased by 
MDOT rather than resurvey the Sappi property (which would have required draining the 
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Frequency  Flow, cfs 

1.1-yr  2,450 
2-yr  5,310 
10-yr  9,890 
25-yr  13,000 
50-yr  15,700 
100-yr  18,900 
500-yr  28,000 
 

Historical Flows at this gaging station are summarized below:  
 Year  Flow, cfs 

1991  13,900 
1996  23,300  
1896  13,800 
1895  13,000 
1954, 1916 12,400   
1900  11,300 
1936, 1977 11,200 
 

Summary of Hydrologic Data:  
Drainage Area, sq. mi. 577 
25-year Discharge, cfs (Q25) 13,000 
Design Discharge, cfs (Q50) 15,700 
Check Discharge, cfs (Q100) 18,900 
Scour Check Discharge, cfs (Q500) 28,000 
Ordinary Annual Discharge, cfs (Q1.1) 2,450 
Flood of Record (1996) 23,300 

 
 

5.0 Hydraulic Analysis:  

The Cumberland Mills Bridges will be replaced.  Existing openings are 77’ at the freshet channel and 90’ 
at the main channel.  Existing low chords on the freshet side are 49.5’ and 49.6’ (L/R).  Existing low 
chords on the main channel are 47.5’ left and 47.0’ right.   

Proposed bridges will be slightly lengthened.  The new spans will be 82’ on the freshet side and 100’ at 
the main channel. Proposed low chord will range from 49.9’ to 50.5’ on the freshet side and from 49.0’ to 
49.5’ on the main channel side.   
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Flow elevations at the twin bridges are controlled by downstream conditions at the Sappi dams and in 
very high flows by the Sappi buildings and conditions downstream of the buildings.  Under existing 
conditions, both dams have flashboards that are designed to fail under high flow conditions.  Based on 
historic flood and repair photos furnished by Sappi, the exact amount of failure (if any) cannot be 
predicted.  To be conservative, it was assumed that under existing conditions, the flashboards remain 
upright and in-place.  It was also assumed that the dam gates remain closed because flooding can occur at 
any time of the day, flooding may limit access, and the gates require some manual operation.  

The Sappi dam that discharges to the freshet channel will be modified when the fishway is constructed.  
The flashboards on this dam will be replaced with an Obermeyer spillway with an automatic headpond 
elevation control system.  According to Sappi’s consultant for the fishway dam, the spillway will 
normally keep the headpond at a target elevation, and under high flow conditions, will decrease in height 
and therefore pass more flow than under existing conditions.  Acheron summarized the new spillway 
function as follows:  

“Under “normal” flow conditions, defined at 300 to 4,500 +/- cfs, the sluice gates in the main 
channel spillway will remain closed, the flashboards on the main channel spillway will remain in 
place and the new Obermeyer gates on the freshet channel will move up and down as the flow 
changes so as to maintain a headpond elevation of approximately 41.5 ft (NGVD 1929) at all times.  
As the flow rate in the river declines (below 4,500 cfs), the position of the gates will be raised.  As the 
flow rate in the river increases, the position of the gates will be adjusted automatically based on a 
water level monitoring system in the headpond.  Once the flow rate in the river increases above 4,500 
+/- cfs, all of the spillway gates will be in the full down position and the water level in the headpond 
will rise as water will be flowing over the flashboards on the main channel and through the fully open 
crest of the freshet channel spillway. The top of the Obermeyer gates in the fully lowered position is 
approximately 36.0 ft (NGVD 1927- ed. Note 1929).  The future configuration of the freshet channel 
spillway (during high flows) will be similar to a situation that could exist today if all of the 
flashboards on the freshet channel spillway were completely removed.”   

 
 

The hydraulic model for the twin bridges was compiled using model HECRAS.  The model includes data 
from the Kleinshmidt dam removal study, from the Acheron fishway project, and from the MDOT survey 
for the bridge project.  In addition, photographs of historical floods at the mill were used to supplement 
model data and to accurately reflect the various paths that flood water takes through the Sappi buildings.  
 

o The Kleinshmidt model was used for the portion of the current HECRAS model downstream of 
the Sappi dam.  Elevations were added to sections to reflect high flow conditions and several 
areas of the split dam were added to the model that experience overflow during high flows, such 
as the finger wall walkway, and the walkway between the buildings.  These areas were identified 
through discussions with Sappi engineering and by studying flood photos from 1996, 1991, 2007 
and 2010.  
 

o Information from the Acheron fishway plans was used for the proposed dam condition model.   
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o The Sappi model (converted to NAVD), the Acheron fishway data (converted to NAVD) and the 
MDOT survey data (at NAVD) were used to compile one working model of existing conditions at 
the dam and at the bridges.   Four geometry files were compiled by Northstar for Stantec, 
including  
 

 the existing dam/existing bridge model,  
 the existing dam, proposed bridge model,   
 the fishway/existing bridge model and  
 fishway/proposed bridge conditions.  

 
The dams and downstream channels were modeled as split flow with the flow optimization routine in 
HECRAS assisting in balancing flows.  The split flow reaches are the “freshet” reach (on left) and the 
“main” reach on the right (facing downstream).  In the main reach, the buildings downstream of the dam 
were modeled as bridges as flood photos show water reaching the floor/low chord of the buildings. In the 
freshet reach, it does not appear that the buildings provide such “pressure” type of flow.  

Boundary conditions downstream were based on data from the USGS gage.  USGS was consulted relative 
to the gage and the rating curve used at the gage.  USGS indicated that the rating curve may need to be 
updated, but data is not currently available.  The proposed FEMA profile was considered as a source of 
boundary condition at the downstream end, but does not appear to reflect historical data at that location.  
Therefore the gage data was used as best available information.  Model results indicate that the 
downstream starting water surface elevations only affect floods above 100-year frequency.   Upstream 
boundary condition was assumed to be critical flow, although upstream is backwater so the “critical flow” 
assumption does not affect the model at the bridges, but allows it to run in “mixed flow” mode.  The 
model was run as “mixed” flow meaning mix of sub- and super-critical.   

The HECRAS model indicates that the dams submerge somewhat in lower flows, and completely 
submerge (meaning no significant drop in WSEL over the dam) in the 1996 type of flood event.  The 
model indicates that up to about a 100-year event, the dam still has some drop in water surface elevation 
and so controls water surface.  Water elevations in the downstream channels are above the crest of the 
flashboards.  

Pictures show flow in 2007 and 2004 going over the fingerwall walkway into the channel by at least a 
foot, maybe 2’.  The model spillways were configured to include that flow.  In addition, the model 
accounts for flow that goes into the building walkway between the two channels, and assumes it flows 
into the freshet channel.  These areas are modeled as straight-on not lateral spillways in the HECRAS 
model.  The model assumes that the gates remain shut due to the need for manual operation and the 
uncertainty of this occurring during a high flow event.  The model also assumes that the flashboards do 
not fail, even in high water.  While this is a conservative assumption, historic flood photos show great 
variation in flashboard outcomes after flood events.    

The following critical elevations were incorporated into the model:  
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Key elevations:  (known) 
 
Freshet dam crest (w boards) 40.6 NGVD             39.9 NAVD 
Freshet dam crest w fishway, Obermeyer gates lowered.  36.0’ NGVD 35.3’ NAVD 
Main channel dam (w boards) 41.5 NGVD             40.8 NAVD 
Top of walkway into channel                                      43.0 NAVD 
Existing Bridges Low Chords    

Freshet:  49.5-49.6’ NAVD, - width:  77’ 
Main:  47.5-47.0’ NAVD, - width:  90’ 

Proposed Bridges Low chords:  
 Freshet:  49.9-50.5’ NAVD, – width: 82’ 
 Main:  49-49.5’ NAVD, – width: 100’ 
 
Assumed/Estimated Elevations:  (based on photos of flooding) 
 
Walkway below central building   Floor: 43.0’, concrete wall 45.0’ NAVD 
Ceiling of building over walkway   51.0’ NAVD 
Building base over piers in main channel  42.0’ NAVD 
 
Data/model results for existing condition and model calibration are summarized in the following table.  
Calibration is not perfect. Unknowns remain and may not be able to be resolved, including exact nature of 
flow through buildings and channels and downstream water surface elevations at the USGS gage.  
HECRAS is limited in ability to model more complex flow, so the model appears to be adequately 
simulating flows for bridge design purposes.  Engineering judgment based on historical flooding is 
necessarily included in interpreting the HECRAS model results for this bridge evaluation.  

Elevations 
Year Flow  At Gage (DS of mill) At Dam/DS bridges US of Bridges Existing HECRAS 

Model at Bridges 
                             NGVD   NAVD                 NGVD   NAVD                 NGVD   NAVD   NAVD DS/US 
Q1.1       2450       24.6     23.9                                                                                  42.5 42.5 
1987       7360 
1916       12400                                                46.0        45.3                                                 46.0 46.2 
1954       12400                                                45.8        45.1                                                 46.0 46.2 
1977       12500 
Q25        13000                    37.5                                                                                            46.1 46.4 
2007       13300                    38.0                                                                                                              
1991       13900                    38.9 
Q50        15700                    40.5                                                                                            46.7 47.0 
Q100      18900                    42.8                                                                                            47.2 47.7 
1996       23300                    47.5                   51.6        50.9                          52.5        51.8   48.3 49.0 
Q500      28000     51.5        50.8                                                                               52.1 53.1 
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For the 1916/1954 flow (just under 25 year), the model is 0.9 – 1.1’ too high.       For the 1996 
flood, the model is 2.6-2.8’ too low.   The latter is likely due to starting elevation at the 
downstream end of the model.  
 
 
Hydraulic Evaluation Summary:  
 Existing Bridge LC=47.4 Proposed Bridge LC = 49.0 
 Existing Dam w/Fishway Existing Dam w/Fishway 
Headwater at Q25, cfs 46.4 45.2 46.3 45.1 
Headwater at Q50, cfs 47.0 45.9 46.9 45.8 
Headwater Q100, cfs 47.7 47.0 47.6 46.6 
Velocity Q25, fps 5.8 6.5 5.5 6.1 
Velocity Q50,fps 6.8 7.5 6.2 6.8 
Velocity Q100, fps 7.9 8.4 7.2 7.8 
Ordinary High water, 
Q1.1 Elev.  

42.5 40.9 42.5 40.9 

Velocity, Q 1.1, fps 1.5 1.8 1.4 1.7 
Clearance at Q50 0.4 1.5 2.1 3.2 
 
6.0 Scour 

For preliminary design, scour was not computed in detail.  Scour history, and apparent bedrock at base of 
foundations suggests little to no potential for scour at this site.  Additional borings and geotechnical 
evaluations are being considered for final design.  At this stage of design, it is expected that foundations 
will be on solid rock and that scour will not be a design consideration.  If deep sequences of 
unconsolidated materials are found with additional geotechnical investigation, such that foundations will 
not be on rock, then potential scour will be computed for final design such that foundations can be 
designed to resist potential scour.  According to Stantec, the existing abutment foundations pre-date the 
1951 construction and have no known scour issues, despite a long history of flooding. Potential scour 
computations would be done with fishway gates down under high flow conditions.  

7.0 Summary of Findings 

 The Cumberland Mills Bridges are impacted by backwater from dams downstream at the Sappi 
Mill.   

 The “freshet” dam will be reconfigured within two years to include a fishway and an Obermeyer 
spillway.  

 The channels and buildings downstream of the dams also have some impact on backwater at the 
twin bridges.  

 The 1980 Flood Insurance Study had limited data on the mill buildings and dam.  The new draft 
model for an updated FIS also has limited data and modeling through the Sappi site.  

 The USGS gaging station downstream of the mills was used for the flow-frequency distribution 
for this study.  The gage has a record of just over 30 years of data.  The gage rating curve may 
need to be updated, but has not been recently.  

 Fish passage requirements below the bridges will be met by construction of a fishway, rather than 
through dam removal.  
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 Historic flows and flood elevations are available at or near this site, dating back to 1916.   

 The 1996 flood was approximately a 250-year event, but may have been of higher frequency.  
Prior events included 5 floods that are just lower than the 25-year storm magnitude, including 
April of 2007.  

 Flood photos show complex flow through the mills and over the various spillways during high 
flow events.  Photos also show inconsistency in how many or where flashboards fail.  

 The new spillway for the freshet channel/fishway will include and Obermeyer spillway designed 
to depress in high flows, such that flood elevations should be lower once this construction is 
complete.  

 The HECRAS model simulated flood flows to within 1’ of recorded events for 25-year type of 
storms but is somewhat low on predictions for the 1996 flood.  It is likely that additional 
backwater from downstream causes the dam to be inundated by more than the current model 
shows.  

 The proposed bridge spans will be slightly lengthened and freeboard will be added to improve 
clearance for the 50- and 100-year flood flows.  Under existing conditions, 50-year clearance is 
0.5’.  By adding the fishway/spillway this clearance is improved to 1.6’.  With the new bridge, 
existing dam, 50-year clearance is 2.1’ and with the new fishway/spillway, clearance is expected 
to be 3.2’ if the construction proceeds as shown on plans.  

 Potential scour was computed roughly using model HECRAS, but it is most likely that 
foundations will be constructed on bedrock, with shapes nearly identical to existing.  The bridge 
does have the potential to experience scour through contraction, abutment and pier scour if 
significant depths of unconsolidated material underlies the foundations.  

 Despite the addition of the fishway lowering high flood levels, Stantec recommends maintaining 
the low chord for existing dam conditions.  The fishway is not yet constructed and the mechanical 
flashboards may not always operate as planned during flood events.  Therefore, the minimum low 
chord is proposed to be 49.0’ (NAVD).   
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Final Design Report 

Cumberland Mills Bridges, Westbrook, ME 

Hydrology/Hydraulics 

Appendix 

 

1. Hydrologic Calculations 
2. HECRAS model results including flood profiles, tables, section 

plots and flow distribution tables.  

 Existing Dam/Existing Bridge 

 Existing Bridges, Fishway 

 Proposed Bridges, Existing Dam 

 Proposed Bridges, Proposed Dam 
3.  USGS model results for draft FIS 
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