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November 17, 2010 
 
VIA EMAIL 
 
Mr. Curt Mooney 
Hebron Selectmen 
P.O. Box 188 
Hebron, NH  03241 
 
Review of Beaver Dam Breach Potential & Hazards 
 
Dear Mr. Mooney: 
 
Kleinschmidt Associates (Kleinschmidt) is pleased to present the following summary of observations of 
the existing beaver dams located along Georges Brook in the Town of Hebron, New Hampshire.  
Kleinschmidt conducted a site investigation of four beaver dams along Georges Brook, which included 
the collection of field measurements, observations and site photographs.  This information has been 
reviewed, and utilized to assess the potential downstream hazards from a hypothetical breach of these 
structures. 
 
The information and opinions included in this letter are based on experience in the industry using the best 
currently available information.  
 
This study did not include any detailed hydraulic modeling or inundation studies to assess locations of all 
potential hazards, nor does this study include any sensitivity assessments of the varying breach flows.  
The conclusions are based on sound engineering practices with the currently best available information.  
Further analysis would be required to more accurately define the potential risks and hazards associated 
with these structures. 
 
We appreciate this opportunity to assist you in your review of these beaver dams and the potential hazards 
from a failure of these dams.  Please let us know if you have any questions or requests for additional 
information. 
 
Sincerely, 
 
KLEINSCHMIDT ASSOCIATES 
 
 
 
Jonathan A. Quebbeman, P.E., P.H. 
Water Resources Engineer 
 
JAQ:SDM 
Attachments:  Beaver Dam Breach Report 
 
Z:\Projects\1797 Hebron, NH\001 BeaverDam Breach Memo.docx 
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TOWN OF HEBRON, NEW HAMPSHIRE 
 

REVIEW OF BEAVER DAM BREACH POTENTIAL & HAZARDS 
 

 

1.0 INTRODUCTION 

 

A site investigation of four beaver dams along Georges Brook, which included the 

collection of field measurements, observations and site photographs was conducted on October 

7, 2010.  This information has been reviewed, and utilized to assess the potential downstream 

hazards from a hypothetical breach of these structures. 

 

The information and opinions included in this report are based on experience in the 

industry using the best currently available information.  

 

2.0 REVIEW OF PERTINENT SITE DATA 

 

The four subject beaver dams are located north of Newfound Lake in the Town of 

Hebron, NH along the Georges Brook (Figure 1).  A field inspection was completed by 

Kleinschmidt personnel on October 7, 2010; during this visit pertinent site features recorded 

include the four beaver dams, North Shore Road Bridge stream crossing, Cooper Road Bridge 

stream crossing, and George Road Bridge stream crossing downstream of beaver dam #3.  There 

are residences, in addition to several road crossings, along the brook near the beaver dams which 

could be impacted from a breach of any or all of the beaver dams.   

 

The channels downstream of the dams are generally of the same geometry, and consist of 

a bottom width of 10-12 feet, with banks 2-3 feet in height.  Overbank floodplains consist of a 

range of open fields, grasses, dense brush and wooded areas.  Several homes were spot checked 

along the river, and the first floor elevations were estimated to be approximately 6-feet above the 

river channel bottom. 
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3.0 BREACH PARAMETERS 

 

The beaver dams have created an impoundment upstream of each of the dams.  If a 

breach should develop at one of the beaver dams, an increase in downstream flows would result 

from the sudden release of this storage.  In determining how much flows would increase due to a 

breach, several key parameters defining this release are examined: storage volumes behind the 

dam, the difference in water levels from upstream to downstream, the size of a breach, and the 

rate of breach formation. 

 

Breach parameters, include the shape, depth of breach and the breach development time, 

are dependent on the materials and physical parameters of the dam – a higher dam will result in a 

greater breach width compared to a lower dam.  The width of a breach in a dam embankment is 

also a function of the storage behind the dam; the greater the storage, the greater the potential to 

erode the embankment material.  And finally, the material type and volume that composes the 

dam will affect the breach size, and also the breach development time.  A concrete dam would 

breach at a much faster rate compared to the erosion of an earthen dam. 

 

Using these factors, a beaver dam is a mixture of mud, sand and sticks developing an 

impermeable structure.  Field surveys also showed the typical beaver dam section shape of a few 

feet width near the crest, and upwards of 15-20 feet width at the base (along stream position).  

Standard breach widths for earthen embankments are between 2 to 4 times the height of the dam.  

Side slopes of a breach in a beaver dam are uncertain, but would be conservatively defined as a 

1:1 slope.  The slopes will likely greater due to the mixed media of sticks and mud, but a 1:1 

breach side slope would conservatively offer increased area for breach flow releases. 

 

Embankment material would not be eroded instantaneously, and thus would require a 

period of time to develop.  Values for beaver dam breach development are not readily available, 

and thus approximations following similar industry standards are required.  Following a Dam 

Safety Office report1

 

, Von Thun and Gillette suggested for ‘highly erodible’ material in an 

earthen embankment, the development time would follow: 

                                                 
1 Prediction of Embankment Dam Breach Parameters, A Literature Review and Needs Assessment.  DSO-98-004 
Dam Safety Office, Water Resources Research Laboratory, July, 1998. 
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In this relationship, the breach width (B) has been conservatively be assigned as 4 times 

the height of the dam (hw), resulting in a time for breach development in hours (tf). 

 

Table 1 – Summary of Beaver Dam Properties & Breach Parameters 
 

Beaver Dam 
Dam 

Height 
(ft) 

WSEL 
Difference 

(ft) 

Crest 
Length 

(ft) 

Breach 
Width2

Breach 
Time 
(hrs) 

 
(ft) 

Impounded 
Area (ac) 

Dam#1 (main) 5’2” 4’ 25 10-20 0.24 1.8 
Dam#1 (east) 4’0” 1’ 10 8-16 0.21 n/a 
Dam #2 2’ 0.2’ 150 4-8 0.12 8.0 
Dam #3 (main) 2’2” 2’ 150 4-9 0.13 <1 
Dam #3 (low) 3’3” 1’ 50 6.5-13 0.18 ~0 
Dam #4 (main)3 6’  0’ 91 12-24 0.28 1.7 
Dam #4b (low) 2’ 0’ 150 4-8 0.12 ~0 

 
Assessment of impact from a dam failure is based on an evaluation of the incremental 

rise in downstream water levels due to a breach.  For example, if a large flood occurs, and none 

of the dams breach, there still may be flooding of roads or residences.  Thus, it’s necessary to 

determine the change in flow and potential water levels downstream due to a breach, as 

compared to the non-breach conditions. 

 

4.0 ASSESSMENT OF BREACH HAZARD POTENTIAL 

 

Considering a dam failure under a sunny day or normal flow condition, a breach can be 

formed in the dam with variable dimensions as described in the table above.  Under these 

conditions, the peak release can simply be calculated using a non-submerged hydraulic weir 

approach with the parameters tabulated in Table 1 above.  Assuming an initial low flow in the 

receiving channel, the calculated flow would be the peak potential release from a breach of the 

dam.  Breach flows would rapidly decrease as impounded storage volume is depleted and would 

also attenuate along the downstream stream channel.  Table 2 below summarizes of the potential 

peak flow release assuming the given breach parameters, but also includes estimates of storage, 

and the time for depletion of the reservoir assuming half of the maximum release rate.  Only the 

                                                 
2 Estimated between 2-4 times the dam height 
3 Field notes indicate that Dam #4 has been recently breached with signs of new vegetation and a recently lowered 
water level. 
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main dams with primary storage, compared to the secondary beaver dams at each site, were 

included in the table below. 

 

Table 2 – Summary of Breach Potential 
 

Dam 
Estimated 

Volume4
Peak 

Release (cfs)  (ac-ft) 
Approx. 

Depletion Time5

Dam #1 

 
(minutes) 

4.6 910 7 
Dam #2 8.0 87 133 
Dam #3 1.0 110 13 
Dam #4 2.6 1359 3 

 

The downstream receiving reach was approximated as a simple rectangular channel, and 

the discharge capacity of the channel estimated using the standard Manning’s equation approach.   

 

2
1

3
249.1 SAR

n
Q =  

 

Using this approach, the flow capacity in a 12 foot wide channel would be approximately 

450 cfs for 2 feet of depth, or 1418 cfs for 5 feet of depth.  This is an extremely conservative 

approach, as it is only considering flow in a 12 foot wide channel, whereas actual field 

conditions would allow flow in the overbanks significantly increasing the discharge capacity.  

Additionally, this does not account for any attenuation of released flows due to overbank storage, 

friction and channel storage. 

 

During flood condition breaches, when a dam is overtopped, the peak rate of release will 

not be significantly different than the peak values noted above.  The reasons for this are due to 

the incremental changes in flows  and water levels; under these flooding conditions, with flows 

being released from the dams prior to a breach, the incremental rise will be less than those for 

Sunny-Day conditions.  Additionally, if the channel if full with pre-breach flows, the release 

would be dispersed through the overbanks of the channel and floodplain.  Using the same 

Manning’s approach discussed previously, for a rough vegetated area 100 feet wide, 6 inches of 

flow would convey approximately 1500 cfs. 

 
                                                 
4 Utilizing aerial imagery and the average end-area method. 
5 Assuming rate equal to half peak discharge flow rate 
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5.0 CONCLUSIONS & RECOMMENDATIONS 

 

This review of the beaver dams does not indicate that there would be any significant 

hazards to downstream structures in the event of failure.  The storage behind these dams is 

minimal, and would be rapidly diminished during breach development, and would continue to 

decrease as the breach fully develops.  The downstream reaches appear to contain sufficient area 

to safely contain breach flows, and the incremental rises during flood conditions would be 

minimal.   

 

Within the area surveyed the Georges Brook corridor connects a series of large expansive 

wetland systems that consist of a mosaic of emergent, scrub-shrub, and deciduous forested 

wetlands.  These wetlands exhibit a high diversity of wetland vegetation and vegetation class 

structure intermingled with a high degree of interspersion between open water features.  In 

addition to a primary function of flood storage and attenuation, the naturally occurring conditions 

of the Georges Brook corridor and the close juxtaposition to other neighboring wetland resources 

provide exemplary wildlife habitat, most notably for water dependent wildlife including a wide 

variety of waterfowl species. 

 

 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

FIGURES 
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APPENDIX B 
 

SITE PHOTOGRAPHS 







Town of Hebron, New Hampshire  

Beaver Dam Photo Documentation 10/7/10 

 

 
Photo 9.  Cooper Rd Bridge View North 
 
 
 

 
Photo 10.  Georges Brook from Cooper Rd Bridge 
View North 
 
 

 
Photo 11.  Gradient Break View North 
 

 
Photo 12.  Brook Down Stream of Beaver Dam 2 
View South 

 

  



Town of Hebron, New Hampshire  

Beaver Dam Photo Documentation 10/7/10 

 

 
Photo 13.  Beaver Dam 2 Floodplain Areas View 
East 
 
 

 
Photo 14.  Beaver Exclusion Device View South 
 
 
 

 
Photo 15.  Beaver Dam 2 View West 

 
Photo 16.  Beaver Dam 2 View West 

 

  



Town of Hebron, New Hampshire  

Beaver Dam Photo Documentation 10/7/10 

 

 
Photo 17.  George Rd Georges Brook Floodplain 
View South 
 
 

 
Photo 18.  36” RCPs Down Stream of Beaver Dam 3 
 
 
 

 
Photo 19.  Georges Brook between Culverts and 
Dam 3 

 
Photo 20.  Dam 3 View West 
 

 

  



Town of Hebron, New Hampshire  

Beaver Dam Photo Documentation 10/7/10 

 

 
Photo 21.  Dam 3  View North 
 
 
 

 
Photo 22.  Dam 3 Impoundment View West 
 
 
 

 
Photo 23.  Inlet to Beaver Dam 3 Impoundment 
View North 

 
Photo 24.  Beaver Dam 4 View West 
 

 

  



Town of Hebron, New Hampshire  

Beaver Dam Photo Documentation 10/7/10 

 

 
Photo 25.  Inner Beaver Impoundment  at Dam 4 
View North 

 
Photo 26.  Beaver Hut in Dam 4 impoundment 
View North 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

SITE INVESTIGATION NOTES 
 

  



TOWN OF HEBRON, NEW HAMPSHIRE 
 

REVIEW OF BEAVER DAM BREACH POTENTIAL & HAZARDS 
 

SITE INVESTIGATION NOTES 
 

Dam #1 

Active beaver dam, noted freshly packed mud on the crest of dam.  There is a main section of the 
dam and then a secondary smaller east wing.  Dam appears to impound roughly a couple of acres 
of what was a scrub-shrub and emergent wetland that is part of the Georges Brook wetland 
corridor.  Water levels above the dam appear to be in excess of 4 feet deep in the center and 
downstream the water depth is generally 1-2 feet deep.  The banks of the river downstream of the 
dam are well defined and several feet high.  Houses in the area appear to be a minimum of 6 feet 
higher than ordinary high water.  South of North Shore Road the banks of the river are formed by 
stone walls making a canal of sorts. 

Dam#1 to Cooper Bridge  

Heading north from the beaver impoundment located at Dam #1 gradient picks up and Georges 
brook is characteristic of a cascading upper perennial brook commonly found along steep slopes.  
Gradient breaks are found at photo locations 6 and 10.  Coopers Bridge sits roughly 14 feet off 
the ground and passes the 10 foot wide channel of Georges Brook between its 33 foot span.  
There is not much of a flood plain between the stretch of photo locations 6 and 10 and the stream 
bottom consists of large boulders and cobbles with a well-defined shrub vegetated bank. 

Dam#2 

Starting at photo location 10 the gradient levels off again and is the start of a large scrub-shrub 
and emergent wetland complex that is situated in a large topographic bowl surrounded by high 
hills to the west, north and east.  Beaver Dam #2 appears to be inactive and is generally less then 
2 feet high and breached in several locations.  The dam impounds a small area relative to the 
large expansive wetland and is generally shallow too (<2’).  One of the main functions of the 
wetlands surrounding the dam would be flood flow alteration and attenuation.  This is a direct 
result of the relatively large and flat area of the wetland along with the dense woody and 
herbaceous vegetation that would  slow water movement and protect against erosion should the 
dam ever fail.  It should also be noted there was a beaver exclusion devise at dam #2 that was no 
longer functioning. 

Dam#2- Georges Rd. Culverts 

Heading north from Dam #2 Georges Brook meanders through a large outwash area made up of 
a patchwork of wetlands, and field habitat.  The culvert at Georges Road consists of twin 36” 
reinforced concrete pipes that convey Georges Brook under Georges Brook Road. 

 

 



Dam#3 

Dam #3 is a low beaver dam that impounds a small scrub-shrub wetland.  The dam no longer 
appears active and had numerous breaches, and new willow and alder shrubs have started to 
vegetate the dam.  A second smaller dam is found roughly 75 feet downstream and impounds a 
very small shallow area.  The surrounding uplands are relatively flat undeveloped woodlands. 

Dam#4 

Dam#4 appeared to have been significantly breached with water levels several feet down.  
Upstream and downstream hydrology appeared to match up pretty evenly.  Given the significant 
growth of herbaceous vegetation along the shoreline of the impounded area this dam appears to 
have been breached early into the growing season.  Although there is a beaver hut close by, it is 
assumed that this area too was not active during our survey.  Also notable was a second shorter, 
but longer interior dam that impounds a several acre pond in which a prominent beaver hut is 
found. 

Summary: 

After walking the Georges Brook corridor and surveying the above beaver dams, I would 
appears that the combined beaver impoundments store insignificant amounts of water relative to 
the size of both the wetlands they are found in and/or the watershed.   Most of the dams with the 
exception of the Dam #1 which is found lowest in the watershed have been breached in multiple 
areas.  From my layman’s perspective it would appear that if these dams did have a catastrophic 
failure in “sunny day” conditions there would be little or no effect on property damage or result 
in a significant washout into Newfound Lake 
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