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Executive Summary 
 

The Pemigewasset River Restoration Project included an evaluation phase and design, permitting 
and construction phase to restore a river in Woodstock, New Hampshire. Project proponents 
sought to reduce river bank erosion, protect a man made pond and improve in-channel and off-
channel fish habitat. Problem evaluation began in 2003 with design, landowner coordination and 
permitting occurring in 2006-2009.  Construction was completed in the fall of 2009. Total 
project cost including evaluation, design, permitting, in kind material donation, and construction 
was approximately $700,000. Funding for the evaluation phase was through an s319 Watershed 
Assessment Grant issued by the New Hampshire Department of Environmental Services. Major 
funding for the implementation phase was provided by NH DES ($315,000), NH Fish and Game 
($52,000), New Hampshire State Conservation Commission-Moose Plate Funds ($47,500) Davis 
Conservation Foundation ($10,000), Errol and Kelly Chase, and the Pemigewasset Chapter of 
Trout Unlimited. This report documents the work that occurred within this implementation 
phase. Two of the three performance targets have been met to date; target #1 is to plan and 
permit the project, target #2 is to construct the project, and target 3 is to evaluate the project. 
Evaluation will continue for 2 years after construction and therefore target #3 will be satisfied by 
fall of 2011.   
 
Introduction 
 
This project was the implementation phase of a multi-year project to evaluate and address the 
source of significant bank instability on a ½ mile reach of the Pemigewasset River in 
Woodstock, NH that had led to its 303(d) listing as a impaired water due to streambank 
destabilization (see Appendix A).  The evaluation phase of this restoration project is well-
documented in a previous s319 funded study entitled Pemigewasset River Restoration Study- 
Woodstock, NH, October 2004 that is on file at the New Hampshire Department of 
Environmental Services.  The implementation phase of the project involved the design, 
permitting and construction of a geomorphically compatible solution to reduce accelerated bank 
erosion and river bed aggradation through the reshaping of the horizontal and vertical alignment 
of the river and through the use of training structures to aid in maintaining this new alignment 
and sediment transport competency. Existing and future monitoring of the constructed project is 
the last element of this project, and will provide valuable insight into the cause and effect 
relationship of the work that was performed so that proponents of other similar projects are 
afforded the opportunity build on the lessons learned from this river restoration project.     
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Watershed Map 
 
The watershed draining to the restoration project area is approximately 186 square miles and 
drains from a high point of 5,249 feet (Mount Lafayette) to the river elevation at approximately 
645 feet. Much of the watershed lies within the White Mountain National Forest. 
  

 
 
 
 
 
 
 
 
 
 
 

Figure -1 Watershed of the project area 
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The proposed restoration work can be seen in Appendix B. 
 
Project Performance Targets and Milestones 
 
Performance Target 1: Plan and permit proposed work 
Verification: All abutters along the Phase I reach attend project informational meeting and sign 
letters of support for proposed project. DES receives abutters list, meeting attendance sheet(s), 
and copies of letters.  A contract with construction contractor(s) is/are developed and signed.   
  
 
 
 
 
 
 

Figure -2   2007 Aerial photo of project area- courtesy Google Earth 
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Milestone 1A:  Obtain letters of support from all landowners who abut Phase I project reach 
 
Gaining landowner and abutter permission is an absolutely essential task for any river restoration 
project and is a prerequisite to obtaining permits from the various agencies to perform work in 
uplands and wetlands, respectively. This element is often the most underestimated task in project 
development as project proponents may have sought and received verbal permission to move 
forward with a project in concept, but once design and modeling result in site plans showing 
specific features and earthwork, some previously supporting abutters may get cold feet. With this 
in mind, all landowners within the conceptual project area and all abutters within ¼ mile 
downstream of the restoration project area were invited to a meeting to discuss a conceptual 
design that had been previously developed, but not modeled or at the final design stage. Letters 
were sent out by certified mail (see Appendix C for a copy of an example letter) and each 
landowner was contacted by phone to remind them of the meeting and answer general questions 
about the proposed project.  
 
The meeting was held on February 5, 2007 and landowners from as far away as Connecticut 
attended (see Appendix D for meeting attendance list) and participated in discussions about the 
projects goals and how it might affect their property. Based upon input and concerns from some 
landowners a portion of the work in the lower end of the study area was eliminated from further 
consideration. Landowner concerns related to the proposed elimination of an island and 
perceived loss of waterfront that would have resulted from the restoration of this lower section of 
the study area. This is a very common project challenge for fluvial geomorphically-based river 
restoration projects, as these projects often require adjustments in the horizontal alignment of the 
channel that leave one landowner (where the channel is proposed to be shifted away from their 
parcel) feeling that they have gained new property and the landowner on the opposite side of the 
river feeling that their land has been lost due to the movement of the channel closer to their 
parcel1. Some landowners signed letters of support at the meeting and some landowners opted to 
agree in concept with the preliminary design, but wanted to wait for the results of hydraulic 
modeling to see more precisely the effects of the work on certain areas of their property. 
Through an iterative and collaborative process with landowners (design > modeling > landowner 
input > refinement of the design > refinement of the modeling) a final design (See Appendix B 
containing sheets 6-10 of the 10 sheet design set) was presented to affected landowners in 
personal visits to their homes and property and infrastructure (DOT Highway and DOT Rail). 
All letters of support and access were signed and are on file with DES.    
 
Milestone 1B: Obtain permits to perform proposed work 
 
As might be expected with a project that proposes to perform large scale reconstruction work 
within 36 acres of jurisdictional wetlands, significant environmental due diligence is required. 
While the receipt of a permit is an obvious goal to move a project from design to 
implementation, the process of demonstrating the value of the project and likelihood of certain 
outcomes is a valuable component of any project’s development.  
 
                                                           
1 In reality, land use law states that a property line that follows the thread or bank of a river does not change parcel 
boundaries if the feature that the boundary is based upon (say the thread of the river) changes rapidly either as a 
result of river bank avulsion or human induced changes such as a river restoration project. 
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It is only by having the review by knowledgeable agency staff that tough questions are asked and 
a project improved. With each permitting agency having staff with different perspectives and 
professional experiences a project proponent can, and should, view the permitting process as a 
way to enlist multidisciplinary expertise that helps to improve the project and gives the project 
the best chance of being resilient to a host of implementation challenges that might have 
otherwise been missed by a project proponent.  
 
The following permits were applied for and received:  

 NH DES Alteration of Terrain Permit 
 NH DES Wetland Dredge and Fill Permit 
 EPA NPDES Construction General Permit 

 
There were numerous other agencies and organizations that were involved in providing input on 
the project including: 

 US Army Corps of Engineering (wetlands) 
 US Fish and Wildlife Agency (Threatened and Endangered Species and Habitats) 
 The Federal Emergency Management Agency (floodplain issues) 
 NH Department of Resources and Economic Development (Threatened and 

Endangered Species and Habitats) 
 NH Fish and Game Department (fisheries and Threatened and Endangered 

Species) 
 NH Department of Transportation (rail and right of way) 
 NH Office of Energy and Planning (floodplain issues) 
 The Town of Woodstock Selectmen (floodplain issues) 
 The Town of Woodstock Conservation Commission (wetlands and easements) 
 The Pemigewasset Local Advisory Committee (water quality) 
 The Merrimack Valley Paddlers Association (recreational boating interests) 

 
In order to facilitate productive and timely project development a joint meeting was held onsite 
on August 23rd, 2007 to discuss the project goals, anticipated permit requirements. Many of the 
above agencies or groups were invited and attended this meeting and it proved to be highly 
productive in delineating areas of interest and concerns to be addressed, thereby reducing 
regulatory oversight redundancies. The value of this coordinated approach cannot be overstated.  
 
Through the permitting process the project was determined to be categorized as a restoration 
project by the US Army Corps of Engineers that would be regulated by the NH Programmatic 
General Permit (see NH DES Wt 303.04 (t)(1)) rather than require an Individual Army Corps 
Permit. This determination had two important effects. First, the project proponents did not need 
to acquire a 401 Water Quality Certification and secondly, the permit application review fee 
typically charged by the NH DES was reduced from over $163,000 to a standard base fee of 
$200. Without the latter it is unclear as to whether the funds needed to permit and construct the 
project would have been available in the near future.  
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Another permit that may typically be needed on a river restoration project where in channel work 
is proposed is a Conditional Letter of Map Revision from FEMA. In the case of this project there 
was no mapped floodway, and as a result, the project proponents need only satisfy to the local 
government agency (town of Woodstock) that the project would not raise the 100 year Base 
Flood Elevation (BFE) by 1 foot or more. Modeling of the effects of the project on the BFE 
(Using HEC-RAS and consistent with FEMA data collection protocols) was conducted 
nevertheless, and the results of the modeling were presented at a joint meeting with the Town of 
Woodstock Selectmen and Conservation Commission (see Appendix E for model cross-section 
locations) The model demonstrated that the project would result in no rise in the BFE except in 
on small area were a 0.2 foot increase was predicted. Subsequent to NH DES Alteration of 
Terrain (AOT) Permit application submission for the project, changes to the AOT Rules 
occurred on January 1, 2009. These Rules now require hydraulic model development for projects 
that proposed to place substantial fill within the floodplain and such modeling efforts should be a 
necessary component of most river restoration project irrespective of regulatory requirements. 
 
Permit applications for NH DES Alteration of Terrain (AOT), and Wetland Dredge and Fill 
(Wetlands) Programs are on file at the NH DES. The EPA requires the development of a 
Stormwater Pollution Prevention Plan for projects that propose to disturb one or more acres of 
earth and such a plan was developed for this project and can be found in Appendix F. The 
requirements for such a plan did not place any additional controls on the project that were not 
already conditions of either the AOT or Wetlands permits, however the format of the Plan did 
offer a single reference for the contractor in which all water quality controls are contained.     
 
Milestone 1C: Carry out pre-construction surveys and generate Planning Report for Phase I 
 
In order to effectively document and evaluate the project area before and after the completion of 
the restoration, it is necessary to perform a crosssectional survey of the river bed and adjacent 
floodplain prior to work, again immediately after work, after the first high flow (bankfull) event 
that is likely to induce channel adjustment, and lastly 2 years after construction when the 
restoration work has been subject to various flows and river ice influences. All data collection 
efforts followed the Site Specific Project Plan (SSPP) that was prepared for the project and is 
consistent with the Generic Quality Assurance Project Plan (QAPP) for Stream Morphology 
Data Collection. A copy of the SSPP and QAPP are on file with DES.  
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The locations of the cross-sections to be evaluated are shown on a cross-section plan contained 
in Appendix G. As changes are not expected to occur at all cross-sections over short periods of 
time where the channel is not subject to channel changing influences (such as the cross-sections 
outside of the work area from a pre construction to post construction period of approximately 6 
weeks) the following schedule of cross-sectional surveys was agreed upon by the project 
proponent and NH DES: 

   
Comparison of the cross-sectional surveys over time will be helpful in evaluating a number of 
indices of channel stability. Of primary importance is the maintenance of an approximate 1,300 
square foot bankfull cross-sectional area that was previously determined to provide adequate 
sediment transport competency, and leads to neither channel aggradation nor degradation. 
Secondary interests of cross-sectional data include lateral positioning and depths of the channel 
thalweg as well as the location of channel top of banks. These secondary indicators may be 
difficult to measure given the limited spatial extent of data and inherent resolution challenges of 
surveying a cobble dominated river bed and so the utility of this secondary information may be 
confined to providing a supporting role in making assessments of channel equilibrium conditions 
over time. 
 
Collection of cross-sectional data will continue in 2011 and will accompany an evaluation of 
channel equilibrium that is to be provided to DES in a supplemental submittal in 2011. 
 
In addition to documenting pre construction conditions significant pre-construction planning 
occurred to ensure that the “stage was set” for construction when the low flow conditions 
arrived. Work in rivers with unregulated flow (where no upstream dams or only run of the river 
dams exist) is inherently risky with productivity coming to a halt or even losing previously 
completed work when flows increase. Therefore the priority of any river project should be to 
minimize the period of time that work is done in the river. This requires significant planning by 
both the contractor to amass the necessary equipment, materials, and personnel at the job site and 
by the project proponent to secure the necessary construction easements and notifications to 
various land owners and agencies.  
 
Preconstruction documents were prepared and sent to agencies, landowners, and media outlets 
informing them of the anticipated start of construction, project duration, name and contact 
information of the contractor and anticipated construction sequencing (see Appendix H for 
copies of such releases and media coverage).   
 

TIME PERIOD CROSS-SECTIONS TO BE 
SURVEYED 

DATE SURVEYED 

Preconstruction 15, 14, 13, 12,11, 10 August 2009 
Post construction 15, 14 October 2009 
After large/bankfull event 15, 14, 13,  November 2009 
2 Yrs after const. 
completion 

15, 14, 13, 12, 11, 10 To be completed in 2011 

Note: cross-sections in bold are those that are within the active project area where channel  reconstruction 
took place 
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Preconstruction photos were taken of the project area (see Appendix I) following DES 
Photodocumentation Standard Operating Procedures (SOPs), and photos were taken of easement 
areas where stockpiling, staging and access areas would be utilized by the contractor to ensure 
that such areas would be returned to preconstruction conditions after the project was completed. 
Pictures were also taken of areas within the jurisdiction of the NH Comprehensive Shoreland 
Protection Act (CSPA) in order to document compliance with the tree/sapling cutting limits 
within the Waterfront Buffer and Natural Woodland Buffer.  
 
In order to avoid the need for filing for a CSPA Permit the contractor was prohibited from 
performing earthwork within the CSPA and strict limits on tree clearing were made part of the 
contract documents. Prior to initiation of construction the limits of tree/sapling clearing were 
identified with surveyors tape.  
 
Another planning element of this project was to secure written options for the purchase of some 
of the unique materials that would be used on the project. Most notably was the large stone that 
would be used in the construction of the rock vanes and rock cross vanes. Due to the size 
(minimum 6’x 4’x 3’), quantity (over 1,300 cubic yards), and quality (flat-sides) of rock required 
for the construction of the vanes it was anticipated that a contractor would have a difficult time 
finding and transporting the rock to the project area and that this would have likely resulted in 
higher bid prices. Rock of this size and weight can damage overroad dump trucks or require that 
rocks be strapped to flat bed trucks for transport to the staging area. Subsequent off loading of 
these overroad trucks, loading of off road dump trucks for transport to the river would have 
further increased the cost and time needed to complete the vanes, so various options (including 
transport by rail) were investigated during this preconstruction planning stage of the project and 
it was determined that a local source of rock exists within in a gravel pit near the project area. 
Experience in constructing these vanes and contacts made to contractors who had previously 
installed the vanes indicated that successful and timely construction of the vanes requires rock 
that has at least two flat surfaces and unless the rock was from a quarry (which would have 
further raised the cost of such material), the contractor must have available double the amount of 
rock needed that would be actually be used to construct the vanes to allow for proper selection of 
the rock with suitably flat surfaces and sizes. The stockpile of rock available for the contractor 
for this project was approximately 3 times the amount used in the construction of the vanes and 
this proved to be important in constructing the vanes quickly so that the in-river construction 
period was minimized. As part of the planning process literature reviews were conducted of past 
river restoration projects that have employed rock vanes. These documents indicate that the most 
common mode of project/vane failure is poor quality control in the construction of the vanes. 
More specifically, failure to adequately key one rock against another so that they abut tightly, or 
failure to maintain the gradual, but consistent, slope of the top surface of the vanes. This can be 
brought about, in large part, by the use of poor quality of rock that does not exhibit the desirable 
angular characteristic necessary to facilitate tight joints between abutting joints and smooth vane 
top surfaces.          
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Milestone 1D:  Select construction contractor(s) 
 
In order to select the appropriate contractor to perform the work, and consistent with funding 
agency procurement requirements, contract documents were prepared. These documents include 
technical specifications that are specific to the materials and work to be completed, include 
insurance and bonding requirements, as well as general contract conditions that apply to most 
government-funded projects. Provisions that required that a bidder demonstrate their ability to 
perform the necessary restoration work were also made part of the contract documents. The 
project was bid on a fixed fee basis rather than on a time and materials basis that is often used on 
projects of this nature. The use of the fixed feed approach was due to the funding limits of the 
proponents and the design of the project which relies on project features working together to 
achieve a successful restoration. In other words the project could not be left in an unfinished 
state due to lack of funds and remain in that condition until additional funding was secured.  A 
copy of the contract documents are on file with NH DES. 
 
Because the construction of fluvial geomorphically based river restoration projects are relatively 
new to most site work contractors and the project included the unique aspect of the project 
proponent providing much of the material that would be used to construct the project, a 
mandatory pre-bid meeting was held on the project site. This afforded the contractor the 
opportunity to have a better idea of what is being constructed, the size of material provided by 
the project proponents that needed to be moved and placed, to see the reach of the river in which 
they would be working, and lastly to ask questions of the designers and project proponents.  
 
There was much interest in the project and the pre-bid meeting was well-attended. Many 
contractors expressed concerns about being able to move and precisely place the large stone in 
the construction of the vanes and the short six week window in which they were to complete all 
restoration work. As a result, two contractors submitted bids along with a description of their 
experience in similar work and a listing of equipment (and associated hourly rates) available for 
the project. The contract was awarded to the low bidder: Alvin J Coleman and Sons, Inc of 
Conway, New Hampshire. The project began on September 1, within two weeks of the contract 
award. 
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Performance Target 2: Construct Phase 1 portion of Pemigewasset River Restoration 
Project 
Verification:  Successfully construct 1635 linear feet of river bank, floodplain fills at 
Pond entrance and side channels.  
 
Proposed river restoration features were successfully constructed in 2009. Appendix J 
contains a plan of the proposed work and associated photos of the various restoration 
features that were constructed as part of this project. 
 
Milestone 2A: Mobilization 
 
Mobilization consisted of moving equipment onsite, installing signage, constructing a 
temporary crossing of a DOT-owned railroad track, and preparing the existing access 
route for travel by heavy equipment. 

 

  
 

  
 

   

Heavy equipment is delivered to the site and is assembled 
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Project and safety 
signage is put in place 
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Temporary railroad crossing was constructed to better 
facilitate crossing of railroad tracks by heavy equipment  

Areas of CSPA jurisdiction were flagged and a 
Brontosaurus was used to mechanically trim tree 
branches along the existing access to the river.  
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Equipment squeezing through (post-trim). Still a 
tight fit for the size of equipment used on this job 

Sorting through rock stockpile (provided  by Owner) available 
for use in constructing rock vanes and for breaking up to make 
NHDOT Class B Stone Fill 
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Loading and transporting materials 
from stockpile, over temporary rail 
crossing, along access route and to 
work area  
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Construction stakeout and setting of temporary 
benchmarks was performed by Owner’s Engineer. 
Multiple rounds of layout were performed due to 
the extent of channel grading that occurred and 
challenges in setting/maintaining grade stakes in a 
cobble-bottomed river bed.  
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Milestone 2B: Construction 
 
Construction of the various proposed features generally followed the anticipated 
construction sequence that was set forth on the plans; however, the sequencing of the 
construction of certain elements (that could only be constructed during low flow) was 
moved forward to take advantage of low flow periods. The following photographs are 
presented in the order in which the construction of the depicted features occurred. 

 

  
 

  
 

  
 
 
Blocking off the portion of the river’s flow that was entering the pond 

 
BEFORE 

 
 DURING 

 
    AFTER 

 
To pond 
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  Pond 

    Pond 

New channel
New floodplain

New side channel 

New floodplain

Not the type of flow conducive to river work- looking west from Rte 175 across 
mainstem of Pemigewasset River toward pond inlet during 5-24-2005 storm 
(flows peaked at 19,400 cfs that day) 

RTE 175
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Relocating material in the uppermost portion of the project from 
the right river bar/bank to build out the severely eroding left bank 
(see top right photo). 
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Completion of rough grading (floodplain, top of bank, 
and channel banks) in upper portion of project   

Complete filling of 
left bank side 
channel entrance(s) 

 Looking dowstream 

 Looking upstream  
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A temporary diversion channel was constructed for use in diverting the main river 
flow around work area on the lower portion of the project in the event that higher 
flows were encountered.   

Const. begins 

Const. ends 

Weather and groundwater levels and river forecasts were checked on a daily basis. 
Although a few storms came close, the river was at its lowest flow in two years 
during the period of construction. As a result the river diversion feature was never 
needed 
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2003 aerial photo depicting where material for the project was excavated from 
within the pond and pond inlet delta area (excavation areas shown in red) and 
used as fill to create a new riverbank and floodplain (area shown in blue).   

Many areas within and adjacent 
to the pond were dug to depths 
exceeding 20 ft 

Photo looking upstream showing progress 
of fill placement into mainstem of the 
Pemigewasset River to create new bank 
and floodplain at former pond inlet/breach 
along right banks. Tall PVC grade stake 
defines intended top of right bank. In 
places, fill was placed to a thickness of 10 
feet
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2007 aerial 
photo showing 
where material 
was removed to 
below pond 
water surface 
elevation. New 
edge of pond 
shown in red    
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Concurrent with work to dig out the pond and re-establish the floodplain at the former 
pond entrance, work was done in the lower portion of the project to widen the main 
channel by moving the left bank further to the east towards Rte 175. 

 
 

 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Looking northwest from Rte 175 with work to consolidate the left bank (peninsula) 
shown on the foreground and work to re-establish the right bank/floodplain at the 
former entrance to the pond in the middle left side of the photo.  

RTE 175

Working with bulldozers on the peninsula. The bulldozers made short work of this 
portion of the project as they are well suited to moving large amounts of material the 
short distance that the material had to be moved (<200 ft) in this mass grading 
effort. 
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Because revegetation of newly created floodplain and banks was to be accomplished 
through transplanting riparian shrubs that were growing on material that was to be 
excavated and used as fill, proper sequencing of cut and fills was important. 

 

 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 

Peninsula/ left bank taking shape-Note preservation of herbaceous vegetation for 
later transplanting on banks  

Top of bank plantings. Holes were predug dug 3-4 feet below bankfull elevation 
and a smaller excavator was used to excavate, transport, place plantings and then 
backfill. Presoaking the holes was done sporadically when dry windy conditions 
prevailed  
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Planting holes were flooded with water from the excavator bucket prior to 
planting and then irrigated again after planting when dry windy conditions 
occurred. The ability to grab the saplings with significant portions of root 
systems and organic material appeared to lessen drought-induced stress. 

A variety of shrubs and saplings were 
transplanted, with willows placed 
with their roots below the capillary 
fringe (where possible) and along 
banks, and other upland samplings 
planted along the top of the new 
floodplain surface. Black dots in 
aerial photo at left are sapling 
transplants 
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With the channel rough graded a good 
shallow working platform was created 
for the excavators to construct the rock 
vanes. Vane alignment was staked out 
and a large excavator was used to 
excavate trenches (up to 8 feet below the 
channel bed) for placement of the lower 
(footer) rocks below the proposed 
channel grade. The consolidated nature 
of the bed material combined with low 
water velocity minimized trench 
sidewalls from slumping.  

Having plenty of rock available for use in the vanes often meant that rock was 
delivered to the future vane location and if that rock was not used in construction 
of the vane it was reloaded and transported to the next vane location.  
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The contractor chose to use a rock grapple attachment on the stick of the excavator 
to better facilitate handling and precise placement of the rocks used in the 
construction of the rock vanes. Because this grapple attachment is ill-suited to 
digging the trench for the vanes another excavator with a standard bucket was 
used for the trenching work. A standard bucket with a hydraulic thumb attachment 
would be a reasonable compromise for projects that would otherwise not require 
two excavators to be onsite.  

Rock footers are in place and ready for the second tier of rocks (see above right 
photo). Typically the most efficient way to construct the vanes is to set 3 footer 
rocks and then place the corresponding top rocks to the design elevations 
necessary to meet the proposed slope of the top surface of the vane. Placing too 
many footer rocks ahead of top rocks without knowing the thickness of the top 
rocks to be used results in a challenge in selecting the appropriate rock to meet the 
desired elevation and rock vane slope.
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Top rocks in place with fine grading of 
the channel to come later. Typically 
construction of the rock cross vanes 
started with the most upstream corner of 
the vane arm and proceeded towards the 
top of bank (see 1 on figure at left). 
Work on the sill arm would then at the 
upstream corner of the vane arm (the 
original starting point) and continue 
across the river and up the vane arm to 
the opposite top of bank (see 2 &3).  

Setting large footer rocks into underwater trenches in the proper alignment and 
ensuring that the rock tightly abuts that adjacent rock was very challenging for 
both the equipment operator and field personnel directing the operator. Further, 
rock placement and backfilling resulted in the suspension of finer material in the 
water within the trench that obscured visibility, resulting in delays in placing the 
next rock. To minimize additional suspension of particles by the excavator 
tracking back and for to select rocks, the excavator (and rock) was positioned and 
worked from the downstream side of the trench.  
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View of completed rock cross vanes (prior to backfilling and fine 
grading) with lower cross vane visible in upper right photo. Productivity 
in rock cross vane construction ranged from 10 – 40 linear feet per hour 
on this project with an average of 20 linear feet per hour.
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Construction of rock cross vanes in the side along Rte 175 channel were 
completed. Unlike work in the mainstem of the river, flows were low enough in 
the side channel for a turbidity curtain to be installed and have some functionality 

Fine grading of the channel 
included backfilling of cross vanes, 
establishment of a thalweg and 
point bars and the creation of a 
deep pool. 
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During overbank events water will flow over the restored floodplain surface that 
was constructed at the former entrance to the pond, and while flat floodplain 
grades and transplanted vegetation will slow the velocity of the water once it 
reaches the end of the restored floodplain the water will drop down a slope to the 
pond. To prevent erosion of this slope the slope was graded to a 5H:1V angle, 
geotextile fabric was installed,  NH DOT Class B Stone Fill was placed over the 
fabric, and then organic material was used to cover the stone fill to provide a 
suitable substrate for vegetation establishment. 
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Floodplain grade control structures were installed in various locations within the 
project. The intent of these structures that are constructed with their top surfaces 
set flush with the adjacent grade is to provide a durable feature that will distribute 
flows and minimize scour of the restored floodplain during overbank events. The 
photo at left shows the 8” wide x 3 foot deep trench ready for placement of stone. 
The photo at right shows a partially completed section of the structure. 
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Upon completion of material excavation within and adjacent to the pond the 
contractor constructed aquatic benches for improved littoral and riparian habitat. 
These benches were graded at a gradual slope such that some shallow (< 1 foot 
deep) areas exist within the pond adjacent to deep water habitat (up to 25’) that 
was created during material removal. Herbaceous vegetation and Willow and 
Alder shrubs were transplanted along this bench and in the water. Root wads and 
logs were also incorporated into the benches to provide a habitat continuum 
between the deep and shallow water zones.  



 34

  
 

  
 

   
 
 
 
 
 
 
 
 
 
 

After the contractor had completed the construction of the major project elements and 
the typical high water period had passed, Trout Unlimited volunteers made 
supplemental plantings of dormant willows and dogwood along the newly created 
banks. Planting stock with stems ¾” diameter or greater were sustainably harvested 
from a nearby source downstream of the project. Smaller branches that were trimmed 
during the processing to make dormant cuttings were bundled together to form fascines 
(see middle right photo). All cuttings were soaked in aerated water and shielded from 
sunlight for two weeks until buds were just starting to form. Over 400 cuttings and 10 
fascines were planted by the volunteers using shovels and a gas powered jackhammer 
with a 2” point that aided in penetrating the coarse bank material.  
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Initial Observations and Tips for Proponents of Other Projects 
 

A series of high flow events occurred immediately after construction and thus provided a 
good chance to observe how the constructed features and new channel reacted to the 
stress of high flows and a mid-winter ice jam. 
 

  
 

  
 

 
 
 
 
 
 
 
 

Construction of the project during the low water times of year is a necessity for permit 
compliance as well as increasing productivity. One additional benefit of completing 
rock vanes prior to leaf fall is that the leaves transported down the river supplied a 
significant quantity of organic material that is trapped by the vanes and aided in 
plugging the gaps that existing between vane rocks. This also serves as a soil 
amendment by improving the water retention capacity of the otherwise coarse grained 
bank material and should support a greater diversity of vegetation in these zones. 
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A few beavers found our transplants (and even the dormant willow cuttings) to be 
an easy source of food. During and immediately after the high flow events their 
food (see picture of foodstock and lodge located in river in lower right photo) 
would be washed away and they would return to cut down more of the vegetation. 
While the cutting of Maples and Willows may aid in the stump and stem 
resprouting, it is unlikely that other species such as Oak will survive. Live 
trapping and relocation of beavers may be a wise approach to use until vegetative 
transplants have had a couple of years to become established.
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These photos show evidence of the transport, sorting and deposition of channel bed 
material that takes place during higher flow events. Note the finer material that has 
accumulated on both the upstream and downstream sides of the rock vanes. 
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In addition to serving as a channel training and grade control structures the rock 
vanes provide a significant habitat function by generating complex flow and 
substrate variability for fish, aquatic insects, and other water-dependant organisms.  



 39

  
 

  
 

  
 
 
 
 
 
 
 
 
 

Ice jams and subsequent break up can be a powerful and somewhat unpredictable force that 
is tough to accommodate in the design of river restoration projects. Areas within the project 
reach are occasionally subject to ice jams (as can be seen in the photo at upper left taken in 
2008- two years before construction). Recent work by the US Army Corps of Engineers 
Cold Regions Research Laboratory (CRREL) in Hanover, NH has looked at how 
engineered river structures such as rock vanes can be designed to withstand the ice 
jam/breakup events. While this research was not available prior to design of this project, the 
rock vanes meet most of the CRREL’s suggested design parameters and initial observations 
(see remaining photos taken during the first winter after construction) indicate that the 
vanes with their long sloping top surfaces and carefully backfilled upstream faces allow the 
ice to ride up over the vanes without causing damage to the vanes or adjacent river bank. 
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Performance Target 3:  Evaluate restoration work 
Verification: Collect and compare pre and post construction photos and cross section 
measurements to evaluate the conditions1) immediately before construction 2) 
immediately after construction 3) after the first bank full event and 4) two years after 
construction. 
 
Milestone 3A: Pre-construction documentation 
Completed in 2009 
                                                                                          
Milestone 3B: Post construction monitoring 
To be completed in 2010 &2011. 
 
The premise of many fluvial geomorphically based river restoration projects is that the 
goal of channel equilibrium (where the river channel neither aggrades nor degrades over 
time) will be met if the constructed improvements are based upon a design that mimics a 
stable reference reach of the channel, while accounting for immovable features that are 
beyond the control of the project (dams, bridges, roads, homes, etc). Because the channel 
forming (bankfull) flow was used in the design of this project one cannot truly evaluate 
whether the channel is in equilibrium until a least one bankfull event has occurred. Even 
then, a case can be made that the time horizon for evaluation must include a number of 
overbank events, as well as other natural events (such as ice jams) to truly look at how 
the restored channel responds to these stimuli. Nonetheless, a reasonable assessment can 
be made over a shorter term of some key channel variables that are useful in determining 
channel stability while acknowledging the naturally variability that exists within river 
systems. Balancing the need to provide feedback to the funding agencies so that 
assessments of project success or failure can be made, with the confidence of an 
assessment of a project that has experienced a range of conditions resulted in an 
agreement to extend the evaluation period for two years after construction and to include 
at least one bankfull event. The continued survey of crossections over time this time 
period as well as the evaluation of other indicators (not readily discerned in crossections-
such as vegetation establishment) will allow the project to be evaluated in a manner that 
provides a reasonable balance between accountability for funds expended and scientific 
rigor.  
 
Once the two year and bankfull evaluation criteria have been met an evaluation of 
channel stability and vegetation success will be submitted in a supplemental submittal 
that can be appended to this report and will then satisfy the third performance target of 
this grant-funded project. This will provide a stronger basis for well-founded 
recommendations that can be used by other river restoration project proponents.   



































































































































































































































































































































 
 

 

PEMIGEWASSET RIVER RESTORATION PROJECT 
Pre-construction & Post-construction photographs 

Pre-construction photograph looking 
southeast across area where river 
bank was breached and portion of 
river enters the man-made pond. 
Water in foreground is leaving the 
mainstem of the Pemigewasset river 
(far left side of photo) and flowing to 
the right, towards the pond  

Post-construction photograph of same 
area. Material was excavated from 
the pond and used to recreate a new 
river bank (not seen at left) and broad 
floodplain. Saplings and shrubs are 
all transplants salvaged from onsite.



 

 
 

                                                                                      
 
 

Pre-construction photograph from 
same photo point as pictures above, 
but looking east across mainstem of 
river at peninsula that is to be moved 
further east. 

Post-construction photograph  
looking east across new area of 
floodplain that was re-created 
resulting in an easterly shift of the 
main stem channel location. The  
peninsula has been moved further 
east as well and the new left bank is 
just visible as a light band that 
appears beyond the transplanted 
shrubs. 



   
 
 

   
 

Pre-construction photograph taken 
from Crossection 14 looking west 
(left photo) and west-northwest (right 
photo) across the peninsula with the 
area that the river has breached 
though its banks and enters the pond 
shown at the far left of the left-hand 
photo.  

Post-construction photograph taken 
from Crossection 14 looking with 
same west and west-northwest 
perspectives. New peninsula is in 
foreground with new main stem 
channel beyond. The newly created 
right bank that is part of the re-
constructed floodplain at the former 
pond inlet is visible in the upper left 
hand side of the left photo  



     
 
 
 
 
 

     
 

Pre-construction photos taken from Crossection 15 looking, from left to right: upstream/northwest, across channel/north-northeast, and downstream/east-southeast. 

Post-construction photos taken from Crossection 15 with same perspective as photo set above 



 
 

 
 

Pre-construction photo of upper limits of project 
area viewed from rail trestle looking 
downstream/southeast. Note right bank point bar 
that is visible beyond the mid channel bar.  

Post-construction photo of same area showing 
new left bank and the removal of a substantial 
portion of the right bank point bar.  
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