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Exhibit E Environmental Report 

2.1 Consultation and relicensing process timeline 

Activity Schedule Comments 
a) File NOIs, PAD and Request for TLP November 30, 2019 Existing licenses expires on 

11/30/2024 

b) Publish notice of the filing of NOI, 
PAD and Request for TLP in a daily or 
weekly newspaper in each county 

November 30, 2019 Solicit comments to be filed 
with the Commission within 30 
days of the filing date of 
request 

c) Deadline for Public Comment on 
Request to Use TLP 

December 30, 2019  

d) FERC approve TLP February 6, 2020  

First Stage Consultation (Pre-Application) 

e) Host public consultation meeting  June 18, 2020 online virtual meeting due to 
COVID19 pandemic 

f) Host site visits  July 28, 2020 Delayed due to COVID19 
pandemic 

g) Study Scoping & Planning: May-December 2020 
 

a. Deadline to Receive written 
agency comments & study 
requests 

September 30, 2020 Received comments/requests 
from NH DES, NHFG, USFWS, 
NMFS 

b. Proposed Study Plan 
distributed to stakeholders 

December 15, 2020  

c. Deadline to receive 
comments on proposed 
Study Plan 

February 11, 2021  

d. Stakeholder meeting to 
discuss study plan and 
comments 

March 3, 2021  

e. File revised study plan  July 6, 2022  

Second Stage Consultation (Information Gathering and Studies) 
h) Conduct Studies June 2021-October 2021 

(Spring & Summer Studies) 
 

i) Distribute Study reports to 
stakeholders 

March 29, 2022  
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j) Meeting to present and discuss 
study results with stakeholders 

May 4, 2022  

k) Deadline for comments on 
study reports and PM&E 
measures requests 

June 26, 2022 Only response received was NH 
DES comments on the IFS 

l) Prepare draft license 
application 

June/July 2022 Contains the results of studies 
requested by agencies and 
discussion of study results and 
proposed protection, 
mitigation, and enhancement 
measures 

m) Distribute and file Draft license 
Application with Written 
request for review/comment 

July 15, 2022  

n) Receive agency comments October13 2022 Within 90 days of DLA release 

o) Multiple meetings with 
USFWS, NHDES, NHFG, and 
NMFS staff to discuss fish 
passage PM&E and fish 
passage feasibility study 

October-November 2022 
 

Third Stage Consultation (License Application Filing) 

p) File final license application 
with FERC 

November 2022 Must be filed no later than 24 
months before the existing 
license expires  
(deadline 11/30/2022) 

 

2.1.1. Compliance with or Consultation under the Following Laws 

A license issued for the Rolfe Canal, Penacook Upper Falls, and Penacook Lower Falls would be 

subject to several applicable statutes and requirements under the Federal Power Act. Relevant 

federal regulations are discussed below in detail. 

2.1.1.2 Section 401 of the Clean Water Act 

The three projects are subject to Water Quality Certification from the New Hampshire 

Department of Environmental Services and Section 401(a)(1) of the Federal Clean Water Act of 

1977.  

 

Briar Hydro will provide a copy of the request to the State of New Hampshire for a Section 401 

Water Quality Certification within 60 days of the FERC notice of acceptance of the Final 

License Application (FLA). 
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2.1.1.3 Endangered Species Act (ESA) 

State and Federal database (NH NHB and USFWS IPaC) were checked for known occurrences 

of rare, threatened, and endangered species in the vicinity of the projects.  

Federal and state listed threatened or endangered species and proposed mitigation steps are 

discussed in Section 2.7.  

 

2.1.1.4 Magnuson-Stevens Fishery Conservation and Management Act 

Based on a review of the National Marine Fisheries Service online database, the Contoocook 

River is listed as an EFH for the federally listed Atlantic salmon. Atlantic salmon in the Central 

New England DPS are considered extirpated and therefore not protected under the ESA. With 

the discontinuation of propagation and stocking of salmon in the Merrimack River in 2013, only 

remnant or stray fish may return. No other designations such as habitat areas of particular 

concern (HAPC) or critical habitat as defined under the Magnuson-Stevens Fishery Conservation 

and Management Act have been identified in the Contoocook River. 

 

2.1.1.5  Coastal Zone Management Act (CZMA) 

Under section 307(c)(3)(A) of the Coastal Zone Management Act (CZMA), the Commission 

cannot issue a license for a project within or affecting a state's coastal zone unless the state 

CZMA agency concurs with the license applicant's certification of consistency with the state's 

CZMA program, or the agency's concurrence is conclusively presumed by its failure to act 

within 180 days of its receipt of the applicant's certification. 

The projects are not located within the designated coastal zone of NH. We provide below, 

correspondence confirmation of this determination from NH DES coastal program coordinator.  
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2.1.1.6 National Historic Preservation Act Section 106 

Section 106 of the National Historic Preservation Act (NHPA) requires that every federal agency 

consider that an undertaking could affect historic properties and to consult with the Advisory 

Council on Historic Preservation (ACHP) regarding such undertakings. Historic properties are 

defined as districts, sites, buildings, structures, traditional cultural properties, and objects 

significant in American history, architecture, engineering, and culture that are eligible for 

inclusion in the National Register of Historic Places (National Register).  

 

Pursuant to Section 106, Briar Hydro has consulted with the New Hampshire Historic 

Preservation Officer (od NH Department of Historic Resources NH DHR) and affected Indian 

tribes. Briar Hydro previously requested project review for each of the three projects, gave the 

NH DHR the opportunity to request studies, and consulted with NH DHR staff in a meeting on 

06/29/2022. No studies related to historical or cultural resources were requested. The existing 

information available from previous project review and consultation is presented in section 2.10 

of this Exhibit E. Briar has requested a written NH DHR concurrence on the Area of Potential 

Effect and will file the response when it is received.  
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2.1.1.7 Wild and Scenic Rivers Act 

Section 7(a) of the Wild and Scenic Rivers Act requires federal agencies to make a determination 

as to whether the operation of a project would affect the scenic, recreational, and/or fish and 

wildlife values present in a designated or study river corridor. The Contoocook River is not a 

National Wild and Scenic Rivers System nor is it included as a study river or currently being 

considered for study.  

 

2.2 General Description of the Watershed 

 The Contoocook River flows for 71 miles from Poole Pond in Rindge, NH north to the 

state capital of Concord, where it enters the Merrimack River. Encompassing a drainage basin of 

approximately 760 square miles, the Contoocook has a total drop of over 700 feet.  

The North Branch River is a major tributary of the Contoocook and flows for 16 miles from its 

headwaters in Stoddard through Antrim and Hillsboro where it joins the main stem of the 

Contoocook River. The entire lengths of these two rivers were designated into the New 

Hampshire Rivers Management and Protection Program in June 1991.Other major tributaries of 

the Contoocook River include the Warner River and the Blackwater River.  

The Contoocook River watershed includes significant flood control infrastructure built in the late 

1950s and early 1960s. The Hopkinton-Everett Flood Risk Management program is operated by 

the U.S. Army Corp of Engineers. The flood storage area behind Hopkinton Lake totals 3,700 

acres and extends about 8.5 miles upstream through Henniker to the Contoocook Valley Paper 

Company. This acreage includes areas that are normally empty and areas that have permanent 

bodies of water. Hopkinton Lake is connected to Everett Lake another flood control facility on 

the Piscataquog River. Most flooding on the Contoocook River is either minor or moderate and 

does not require the transfer of excessive floodwaters through the canals. Since the project’s 

completion in December 1962, the diversion of Contoocook River floodwaters from behind the 

dam at Hopkinton Lake to the flood storage area behind the dam at Everett Lake has occurred 

only seven times, the last in April 1987 when the combined reservoir area of the two dams was 

filled to 95 percent of capacity, its highest level ever. The Hopkinton Dam is located at 

approximately River Mile 22.5.  

The Penacook Lower Falls (P-3342), Penacook Upper Falls (P-6689), and Rolfe Canal (P-3240), 

all commonly owned by Briar Hydro Associates, are the first three dams on the Contoocook 

River closest to the confluence with the Merrimack River. They are located at river mile 0, 1, and 

2.1, respectively. Upstream of the Briar Hydro projects, there are 7 additional hydropower 

projects and the Hopkinton flood control dam. Those dams are Hopkinton Hydro P-5735 owned 

by Contoocook Hydro LLC at river mile 17. Hoague-Sprague P-4337, Hopkinton flood control 

dam owned by the US Army Corp of Engineers, Hosiery Mill P-6116, Steeles Pond P-3265, 

Monadnock Paper Mills P-6597, Noone Mills dam P-4318, and Cheshire dam P-9509. 
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Figure E.1 Map of the Contoocook River Watershed.  

 

2.2.1 Climate 

The project is within a climate region typical of north-central New England and inland New 

Hampshire, as it is characterized by moderately warm summers, cold winters, and adequate 

precipitation. Shown in Figure E.2 is the average monthly precipitation (in.) and average high 

and low monthly temperatures. The average annual precipitation is 40.61 inches, while the 

coldest and warmest months of the year are January and July, respectively. 
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Figure E.2. Graph showing average monthly high (red line) and low (blue line) temperatures as 

well as average monthly total precipitation (blue bars) for Concord NH.  

2.2.2 Topography 

The projects are located in the Merrimack River valley which is relatively flat with some hilly 

terrain. Slopes of the river banks in the area are mostly shallow. The only notable high point in 

the area is Dagody Hill which rises from a base elevation of approximately 400 feet to an 

elevation of 625ft. A topographic map of the area with 40ft elevation contours is shown below in 

figure E.3.  



 

8 

 

 

Figure E.3 Topographic map of the vicinity of the three project areas.  
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2.3 Geology and Soils 

2.3.1 Affected environment 

2.3.1.1 Bedrock Geology 

The bedrock geology underlying the project area is the Rangeley formation and the unit description 

is gray, thinly laminated (5-25 mm) metapelite containing local lentils of turbidites and thin quartz 

conglomerates in western New Hampshire. Sparse calc-silicate pods and coticule. Probably 

equivalent to member B of Rangeley Formation of Maine. Other formations nearby include 

Concord Granite, the Upper part of Rangeley Formation, and Kinsman Granodiorite. A map of 

bedrock geology in the vicinity of the project area is shown in figure E.4 below.  

2.3.1.2 Surficial Geology 

The surficial geology in the project area is composed primarily of alluvium, stream terrace 

deposits, Penacook delta, till, and localized areas of bedrock exposure. These layers are made up 

mostly of sand or sand and gravel. The alluvium can be as much as 25feet deep, while the stream 

terrace deposits can be up to 10 feet deep (Pendleton,1995 surficial geology map of the Penacook 

Quadrangle).  

There are no known or documented mineral resources located within the project area.  

2.3.1.3 Soils 

The soils in the project area are made up of Millsite-Woodstock-Henniker Complex, Boscawen 

fine sandy loam, and Champlain-Urban land complex   

Millsite-Woodstock-Henniker Complex (480 C and 480B): This map unit consists of Millsite, 

Woodstock, and Henniker soils that are so intermingled that it was not practical to map them 

separately. They formed in glacial till on hills, ridges, and mountains. Millsite soils are well 

drained and have bedrock at a depth of 20 to 40 inches. Woodstock soils are somewhat 

excessively drained and have bedrock at a depth of 10 to 20 inches. Henniker soils are well 

drained and have a depth to bedrock of more than five feet. This map unit is about 35 percent 

Millsite, 20 percent Woodstock, 20 percent Henniker, and 25 percent other soils. Stones cover 

0.01 to 3 percent of the surface. 

Boscawen fine sandy loam (220B): This excessively drained soil is on glacial outwash plains and 

terraces. Permeability is rapid to very rapid. Available water capacity is very low. Depth to 

bedrock is more than 5 feet. Seasonal high water table is at depths greater than 6 feet. Frost 

action potential is low. 

Champlain-Urban land complex (789B): This map unit consists of Champlain soils and Urban 

land that are so intermingled that it was not practical to map them separately. These areas are on 

glacial outwash plains and terraces that have been partially covered by streets, parking lots, and 

buildings. They are rectangular or irregular in shape and range from 6 to 250 acres in size. This 

map unit is about 45 percent Champlain soils, 40 percent Urban land, and 15 percent other soils. 
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A soils map of the general vicinity of the project area is shown in figure E.5 below.  

Figure E.4 Bedrock geology in the vicinity of the project area.  
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Figure E.5. Soils in the vicinity or the project area showing areas of Millsite-Woodstock-

Henniker Complex (480 B and 480 C), Boscawen Fine Sandy Loam (220B), and Champlain 

Uraban Land Complex (789B).  
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2.3.1.4 Reservoir Shoreline 

The shoreline of the project impoundments is a mix of natural and man-made surfaces including 

some tree cover, landscaped areas such as lawns, and some retaining walls, buildings, or bridge 

abutments that abut the river directly.  

2.3.1.5 Aquifer 

Stratified-drift aquifers discontinuously underlie 121 mi2 (square miles) of the Contoocook River 

Basin, which has a total drainage area of 760 mi2 (Harte and Johnson, 1995). The distribution of 

stratified-drift aquifers is largely controlled by the Pleistocene glaciation process and the 

formation of multiple glacial lakes along the main stem of the Contoocook River (Harte and 

Johnson, 1995). Locally, saturated thickness of stratified drift within these aquifers are as great 

as 200 feet (Harte and Johnson, 1995).  

2.3.1.6 Wells 

Residences and businesses in the vicinity of the project area are supplied with water by the 

Penacook Boscawen Water precinct. The Penacook-Boscawen water system draws from three 

gravel packed wells located on land near the Merrimack County Complex which is located 

approximately 7 miles north-north-west of the projects. We are not aware of any wells that 

would be affected by the project.  

2.3.2 Project Impact of Geology and Soils 

The shoreline within the Project boundary is either vegetated or adjacent to developed lands, and 

sometimes armored, which limits erosion potential. Additionally, soils within the Project area are 

unlikely to have high erosive characteristics. The Project will continue to operate in a run of river 

mode, which minimizes large fluctuations of flow in downstream reaches and maintains stable 

flows, which reduces the potential for erosion within the Project boundary. Any water level 

fluctuations will only be attributable to natural flow conditions. As such, it is not expected that 

Project operations will adversely affect shoreline erosion, or impacts relating to geology and 

soils. 

 

2.3.3 Protection, Mitigation, and Enhancement Measures (PM&E) 

 

2.3.3.1 Agency Recommended mitigation 

Briar Hydro is not aware of any agency proposed PM&E measures related to geology and soils 

resources. 

 

2.3.3.2 Applicant Proposed Mitigation 

Briar Hydro is not proposing any PM&E measures related to geology and soils.  
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2.4 WATER RESOURCES 

 
2.4.1 Affected environment 

The project is located on the Contoocook River near the confluence with the Merrimack River. A 

description of the Contoocook River watershed is included in section 2.2 of this report.  

 

2.4.1.1Water Quantity 

A US Geological Survey (USGS) gage (01088000), located one-half mile upstream from the 

mouth of the Contoocook River, was maintained on the river from 1928 to 1977. The average flow 

over the 49 years of record was 1,255 cubic feet per second (cfs). The maximum discharge of 

record, 46,800 cfs, occurred on March 20, 1936; the minimum, 38-cfs, occurred August 17, 1965. 

The 7Q10 for this period is 94 cfs. Daily minimum flows of 57 cfs were recorded on October 12, 

1964 and August 16, 1965.  The highest mean monthly discharge occurs in April at 3,890 cfs and 

the lowest monthly mean discharge occurs in August at 331 cfs.  

 

Monthly minimum, mean and maximum recorded flows for the recorded period 1928-1977 at 

stream gauge USGS 01088000 are shown below. 

 

 
 

The nearest currently functioning USGS stream data gage is located below the Hopkinton Dam 

(01085500). This gage is located at a watershed area of 427 square miles and does not include 

discharge from the Warner River or the Blackwater River. To scale discharge at this station to 

the whole watershed we multiplied discharge by 1.77 (427 sq mi x 1.77 = 760 sq.mi.) to generate 

the extrapolated below monthly average discharge values for the most recent 10 years (2011-

2021, note there are months omitted in 2013 and 2014 due to incomplete data).  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mean 

(cfs) 

1,894 1,528 1,894 2,620 1,519 885 889 786 609 1,301 1,823 2,283 

Briar Hydro is not aware of any current or proposed water withdrawal from the project 

impoundment.  

Impoundments 

The Penacook Lower Falls reservoir has a normal maximum water surface area of 8.4 acres at 

278.6 feet NGVD29. The gross storage capacity is 54 acre-feet.  The mean depth is approximately 

12 feet and the shoreline length is approximately 1.8 miles.  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean 1,050 1,060 2,170 3,890 1,920 982 475 334 465 501 1,000 1,200

Maximum 2,388 3,206 9,197 7,305 4,075 2,297 1,972 993 5,117 2,088 2,964 3,292

Minimum 284 280 361 1,501 692 206 115 87 101 119 177 318

YEAR
Monthly mean in ft3/s   (Calculation Period: 1928-12-01 -> 1977-08-31)
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The Penacook Upper Falls reservoir has a surface area of 11.4 acres and the normal water surface 

elevation is 306 feet MSL.  The dam has a negligible storage capacity. 

 

The Rolfe Canal reservoir created by the York Dam has negligible storage and a surface area of 

50-acres, and normal water surface elevation of 342.46 feet NGVD29.  A reservoir created by the 

dam at the end of the power canal has a surface area of 3-acres with negligible storage and a normal 

water surface elevation of 342.5 feet NGVD29. 

 

2.4.1.2 Water Quality 

The New Hampshire Department of Environmental Services (NHDES) is the agency responsible 

for establishing and administering surface water quality standards for New Hampshire and is the 

agency responsible for issuing 401 WQC. The Project will be required to obtain a 401 WQC as a 

condition of the FERC license and will therefore need to demonstrate that Project operations will 

comply with state water quality standards. State water quality standards are described in the 

NHDES “Consolidated Assessment and Listing Methodology” (NHDES 2020a) and summarized 

in NHDES (2019a). The following description of New Hampshire water quality standards most 

relevant to hydropower projects is an excerpt from Section 2 of NHDES (2019a): New 

Hampshire surface water quality standards are included in statute (RSA 485-A:8) and regulation 

(Env-Wq 1700) [see Section 5, reference (ref) 4]. Surface water quality standards include 

designated uses, criteria to protect the designated uses and antidegradation provisions to protect 

and maintain existing uses and to minimize degradation of high quality surface waters. 

Designated uses include recreation (i.e., swimming and other recreation in and on the water), fish 

consumption, shellfish consumption (tidal waters only), aquatic life integrity, wildlife and 

potential drinking water supply (Env-Wq 1702.17). The majority of the criteria are included in 

Env-Wq 1700. In cases where the standards include narrative criteria but no numeric criteria, the 

New Hampshire Consolidated Assessment and Listing Methodology (CALM) often includes 

numeric thresholds which are used as translators of the narrative criteria in the standards. Criteria 

or thresholds are often dependent on the waterbody classification. In New Hampshire, there are 

two classes, A and B with most surface waters classified as B.  

 

Table 1 shows the surface water quality criteria or thresholds for the parameters addressed in this 

guidance for class A and B waters as well as the primary designated uses the criteria and 

thresholds are designed to protect. As shown below the designated uses for the criteria listed are 

for protection of aquatic life and recreation. With regards to aquatic life protection, these criteria 

and thresholds help to maintain Biological and Community Integrity which is addressed in the 

following regulations: 
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Table 1 Surface Water Quality Criteria and Thresholds for Class A and B waters 

Parameter (designated use) Surface water quality criteria or threshold 
Dissolved Oxygen 

(for protection of aquatic life) 
Env-Wq 1703.07 Dissolved Oxygen. 

(a) Class A waters shall have a dissolved oxygen 

content of at least 75% saturation1, based on a daily 

average, and an instantaneous minimum of at least 6 

mg/l at any place or time except as naturally occurs. 

(b) Except as naturally occurs and subject to (c) and 

(e), below,  

class B waters shall have a dissolved oxygen content 

of: (1) At least 75% of saturation1, as specified in RSA 

485-A:8, II, based on a daily average; and (2) An 

instantaneous minimum dissolved oxygen 
concentration of at least 5 mg/l. 

(c) In areas identified by the New Hampshire Fish and 

Game Department (NHF&G) as cold water fish 

spawning areas of species whose early life stages are 

buried in the gravel on the bed of the surface water, the 

7 day mean dissolved oxygen concentration shall be at 

least 9.5 mg/l and the instantaneous minimum 

dissolved oxygen concentration shall be at least 8 mg/l 

for the period from October 1 of one year to May 14 of 

the next year, provided that the time period shall be 

extended to June 30 for a specific discharge to a 
specific waterbody if modeling done in consultation 

with the NHF&G determines the extended period is 

necessary to protect spring spawners or late hatches of 

fall spawners, or both. 

(d) Unless naturally occurring or subject to (a), above, 

surface waters within the top 25 percent of depth of 

thermally unstratified lakes, ponds, impoundments, and 

reservoirs or within the epilimnion of stratified 

waterbodies shall contain a dissolved oxygen content 

of at least 75 percent saturation1, based on a daily 

average and an instantaneous minimum dissolved 

oxygen content of at least 5 mg/l. Unless naturally 
occurring, the dissolved oxygen content below those 

depths shall be consistent with that necessary to 

maintain and protect existing and designated uses. 
Temperature 

(for protection of aquatic life) 
Env-Wq 1703.13 Temperature.  

(a) There shall be no change in temperature in class A 

waters, unless naturally occurring. 

(b) Temperature in class B waters shall be as specified 

in RSA 485-A:8, II and VIII. RSA 485-A:8, II 

(regarding Class B waters): “Any stream temperature 

increase associated with the discharge of treated 

sewage, waste or cooling water, water diversions, or 

releases shall not be such as to appreciably interfere 
with the uses assigned to this class.” RSA 485-A:8, 

VIII: “In prescribing minimum treatment provisions 

for 

thermal wastes discharged to interstate waters, the 

department shall adhere to the water quality 
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requirements and recommendations of the New 

Hampshire fish and game department, the New 

England Interstate Water Pollution Control 

Commission, or the United States Environmental 

Protection Agency, whichever requirements and 

recommendations provide the most effective level of 
thermal pollution control.” 

pH 

(for protection of aquatic life) 
Env-Wq 1703.18 pH. 

(a) The pH of Class A waters shall be as naturally 

occurs. 

(b) As specified in RSA 485-A:8, II, the pH of class B 

waters shall be 6.5 to 8.0 unless due to natural causes. 

(c) As specified in RSA 485-A:8, III, the pH of waters 

temporary partial use areas shall be 6.0 to 9.0 unless 

due to natural causes. 
Nutrients – Total Phosphorus and Nitrogen 

(for protection of aquatic life and recreation) 
Env-Wq 1703.14 Nutrients. 

(a) Class A waters shall contain no phosphorus or 

nitrogen unless naturally occurring.  

(b) Class B waters shall contain no phosphorus or 

nitrogen in such concentrations that would impair any 
existing or designated uses, unless naturally occurring. 

(c) Existing discharges containing phosphorus or 

nitrogen, or both, which encourage cultural 

eutrophication shall be treated to remove the 

nutrient(s) to ensure attainment and maintenance of 

water quality standards. 

(d) There shall be no new or increased discharge of 

phosphorus into lakes or ponds. 

(e) There shall be no new or increased discharge 

containing phosphorus or nitrogen to tributaries of 

lakes or ponds that would contribute to cultural 
eutrophication or growth of weeds or algae in such 

lakes and ponds. Numeric thresholds for Total 

Phosphorus (TP) in lakes, ponds, reservoirs and 

impoundments are dependent on trophic classification 

and are provided in the CALM (Indicator 7b) for the 

protection of aquatic life as follows: 

Best Historical Trophic Category TP (ug/L) 

Oligotrophic < 8.0 

Mesotrophic ≤ 12.0 

Eutrophic ≤ 28 

where TP represents the median of at least 5 (and 
preferably more) samples collected between May 24 

and September 15 in the upper layer (e.g., epilimnion if 

stratified). 
Chlorophyll a 

(for protection of aquatic life and recreation) 
Env-Wq 1703.14 (see above) which references 

“cultural eutrophication” which is defined as follows: 

Numeric thresholds for chlorophyll a for the protection 

of recreational uses (Indicator 3) and aquatic life in 

lakes, ponds, reservoirs and impoundments) (Indicator 

7a) are provided in the CALM as follows: 

For protection of recreational uses (i.e., primary 

contact recreation): 

Chlorophyll a (μg/L) 
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Freshwaters: ≤ 15 

Tidal Waters: ≤ 20 

For protection of aquatic life in lakes, ponds, 

reservoirs and impoundments (which behave more like 

lakes than riverine segments): 

Best Historical Trophic Category Chlorophyll a (μg/L) 
Oligotrophic < 3.0 

Mesotrophic ≤ 5.0 

Eutrophic ≤ 11 

where Chlorophyll a represents the median of at least 

5 (and preferably more) samples collected between 

May 24 and September 15 in the upper layer (e.g., 

epilimnion if stratified). 
Secchi Disk 

(for protection of aquatic life and recreation) 
There are no numeric criteria in regulation or a 

numeric threshold in the CALM. This data helps to 

determine the depth and extent of the littoral zone and 

to corroborate chlorophyll data. 

 

NHDES Water Quality Assessment and Total Maximum Daily Loads (TMDLs) 

Sections 303(d) and 305(b) of the Clean Water Act (CWA) require each state to submit two 

reports (CWA 303(d) report and CWA 305(b) report) to the U.S. Environmental Protection 

Agency (EPA) every 2 years, documenting the water quality status of surface waters within the 

state. New Hampshire’s “305(b) Report” describes the quality of New Hampshire’s surface 

waters and analyzes the extent to which all such waters provide for the protection and 

propagation of a balanced population of shellfish, fish, and wildlife and allow recreational 

activities in and on the water. 

 

The second report, required by Section 303(d) of the CWA, requires submittal of a list of waters 

that are: impaired or threatened by a pollutant or pollutant(s); not expected to meet water 

quality standards within a reasonable time even after application of best available technology 

standards for point sources or best management practices (BMPs) for nonpoint sources; and 

require development and implementation of a comprehensive water quality study (i.e., a TMDL 

study) designed to meet water quality standards. New Hampshire’s process for assessing 

surface water quality is detailed in the “CALM” that interprets New Hampshire’s Surface Water 

Quality Regulations (Env-Wq 1700). Waterbodies designated in New Hampshire as AU 

Category 5 (updated every 2 years in the NHDES 303(d) list) are impaired or threatened waters 

for one or more designated uses by a pollutant or pollutants and require development of a TMDL 

for the pollutant(s) causing the threat(s) or impairment(s). The TMDL establishes the maximum 

amount of a pollutant that can be allowed in a waterbody to achieve water quality standards for 

all designated uses.  

 

The impoundment of the Penacook Lower Falls project (Assessment Unit NHIMP700030507-07) 

and the impoundment of the Penacook Upper Falls Project (Assessment Unit NHIMP700030507-

06) are listed in the NHDES list of priority waterways pursuant to section 303(b) of the Clean 

Water Act. This assessment unit represents 8.5 acres of the Contoocook River for Penacook Lower 

Falls and 11 acres for Penacook Upper Falls.  The impoundments are listed under threatened or 

impaired waterways that require a Total Maximum Daily Load study (“TMDL”) and are listed as 
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category 5 impairment for pH.  The source of the pH impairment is unknown; however, this type 

of impairment is not attributable to operation of the dam and is likely caused by environmental 

pollutants outside of the control of Briar Hydro, such as acid rain.    

 

Relicensing Study: Water Quality 

 

The relicensing studies for these project were done together with the Briar Hydro Associates 

owned project on the Contoocook River therefore the results of this and other studies include 

Rolfe Canal (FERC No. 3240), Penacook Upper Falls (PUF; FERC No. 6689), and Penacook 

Lower Falls (PLF; FERC No. 3342) Hydroelectric Projects.  The Projects are located on the 

Contoocook River in Boscawen and Concord, New Hampshire. PLF sits at river mile 0 of the 

Contoocook River, above the confluence with the Merrimack River. The Upper Penacook and 

Rolfe Canal Projects are located upstream at river miles 1.0 and 2.1, respectively.  
 
A summary of the water quality study is presented here and the full study report is included at 

the end of this report in section 2.13.  

 

In response to requests provided by the resource agencies as part of the relicensing process, Briar 

Hydro prepared a Preliminary Study Plan (PSP). The intent of the PSP was that the goals, 

methodology, scope, and schedule would be refined in consultation with interested stakeholders, 

as necessary. Briar Hydro distributed a copy of the PSP to representatives from the 

representatives from the U.S. Fish and Wildlife Service (USFWS), National Marine Fisheries 

Service (NMFS), New Hampshire Fish and Game Department (NHFGD) and the New 

Hampshire Department of Environmental Services (NHDES) on December 14, 2020. Following 

receipt and consultation related to comments on the PSP, Briar Hydro prepared a Revised Study 

Plan (RSP) which was finalized in March 2021 and filed with FERC on July 6, 2021.  
 

NHDES is the agency responsible for establishing and administering surface water quality 

standards for New Hampshire and is the agency responsible for issuing 401 Water Quality 

Certification (WQC). The Projects will be required to obtain a 401 WQC as a condition of the 

FERC license and will therefore need to demonstrate that Project operations will comply with 

state water quality standards. A Sampling and Analysis Plan (SAP) was developed in response to 

the NHDES PAD and PSP comments and study requests and was developed consistent with the 

Revised Study Plan (RSP) dated March 23, 2021. The SAP was developed in coordination was 

NHDES and was determined acceptable by NHDES as communicated in an email dated July 16, 

2021. The water quality study was completed in accordance with the SAP to the extent 

practicable.  

 

The water quality study consisted of continuous monitoring of temperature, dissolved oxygen, 

and pH using deployed water quality data loggers at fourteen locations in the Project area, 

including an upstream reach, Project impoundments, bypass reaches, tailrace areas, and in the 

Rolfe Canal and historic Rolfe Canal Channel. Continuous data was supplemented with recurring 

water quality profiles and Secchi Disk depth measurements in the deep spot of each 

impoundment and at the Rolfe Canal Project intake to determine changes in water quality with 
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depth and assist with trophic state determination. In addition, water quality samples were 

collected for laboratory analysis of nutrients and chlorophyll-a in each of the Project 

impoundments and the Rolfe Canal Project intake.  

 

The field study was completed between July 28, 2021 and September 23, 2021, a period of nine 

weeks, and included periods of high water temperature and low river flows, as well as during 

flows supportive of a range of generating conditions including high flows with spill conditions. 

Water surface elevations in the impoundments are monitored as part of Project operations and 

inflows to the Projects were estimated using the nearest available USGS gage data. Inflow was 

determined by scaling the available USGS gage data using watershed areas and outflows were 

determined from the inflow and generation data. 
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Figure E.6 Map of water quality study monitoring locations.  
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Dissolved oxygen 

Penacook Lower Falls and Penacook Upper Falls continuous monitoring locations met or 

exceeded water quality standards for dissolved oxygen throughout the study period. At Rolfe 

Canal there was one incidence where the recorded dissolved oxygen at the intake was below the 

threshold of 5 mg/L on 7/30/21 when dissolved oxygen was 4.81 mg/L. In addition, the dissolved 

oxygen saturation at the same location was below 75% on 7/28 and 7/29 (74% and 70.5%).  

These lower dissolved oxygen levels at the Rolfe Canal intake occurred during a period of time 

when this hydropower project was not operating due to necessary maintenance. As a result, the 

flow of the river was entirely directed to the York bypass other than the historic channel 

minimum flow of 5cfs.  

 

Two dissolved oxygen profiles in the Rolfe impoundment also showed stratification and low 

dissolved oxygen in bottom waters on 8/12 and 8/17. All profiles in the Penacook Upper Falls 

and Penacook Lower Falls impoundments did not show stratification and all dissolved oxygen 

levels were above the 5mg/L threshold.  

 

pH 

Continuous pH was recorded at 13 of the 14 monitoring locations for the 8-week study period. 

PH varied from 6.2 – 7.7 s.u. across all continuous monitoring stations during the study with 

median values ranging from 6.5 at multiple stations to 6.9 at PLF-BP. Acidic river waters are 

common in this area and due primarily to atmospheric deposition and acidic precipitation and 

cannot be attributed to hydroelectric operations.  

 

Nutrients, Chloropyll a and Secchi depth 
Water samples were collected once or twice per week in August and September 2021 from the three 
impoundment stations (RC-IMP, PUF-IMP, PLF-IMP) and the Rolfe Canal Project Intake (RC-INT) and 

submitted for laboratory analysis. Secchi depth was measured concurrent with collection of laboratory 

samples. The results of that sampling and measurements are shown below.  
 

Table 2. Summary of laboratory results at RC-IMP 

Date 

NO3-

N 

NO2-

N 

TKN TP TKN TP Chlorophyll 

a Notes  Epilimnion Hypolimnion 

(mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (µg/L)  

8/5/2021 9:30 0.067 <0.05 0.48 0.023 - - 1.6 Secchi depth 8 ft 

8/10/2021 11:20 0.11 <0.05 0.46 0.026 - - 1.7 Secchi depth 10 ft 

8/12/2021 13:15 0.093 <0.05 0.39 0.062 - 0.066 1.6 Secchi depth 11 ft 

8/17/2021 9:35 0.11 <0.05 0.94 0.098 - 0.099 2.1 Secchi depth 11 ft 

8/23/2021 9:05 0.12 <0.05 0.37 0.1 - - 0.8 Secchi depth 10.5 ft 

8/30/2021 10:05 0.099 <0.05 0.49 0.083 - - 1.3 Secchi depth 8 ft 

8/30/2021 10:05 0.077 <0.05 0.58 0.017 - - 1.6 Field replicate  

9/1/2021 10:39 0.1 <0.05 0.33 0.094 - - 1.7 Secchi depth 9 ft 

9/6/2021 14:30 0.06 <0.05 0.36 0.02 - - 1.2 Secchi depth 9.5 ft 

9/8/2021 14:59 0.085 <0.05 0.31 0.011 - - 1.1 Secchi depth 11 ft 

9/14/2021 11:00 0.14 <0.05 0.73 0.02 - - 1.7 Secchi depth 9.5 ft 

10 sample median  0.0965 <0.05 0.425 0.038 - 0.0825 1.6   
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Table 3. Summary of laboratory results at RC-INT 

Date 

NO3-

N 

NO2-

N 
TKN TP 

Chlorophyll 

a Notes  

(mg/L)  (mg/L)  (mg/L)  (mg/L)  (µg/L)  

8/5/2021 10:30 0.056 <0.05 0.46 0.023 1.6 Secchi depth 8 ft 

8/10/2021 10:00 - - - - - Secchi depth 10 ft 

8/12/2021 8:40 0.1 <0.05 0.51 0.021 1.2 Secchi depth 11 ft 

8/17/2021 9:30 - - - - - Secchi depth 11 ft 

8/23/2021 10:12 0.12 <0.05 0.45 0.031 1.1 Secchi depth 10.5 ft 

8/30/2021 11:38 0.088 <0.05 0.54 0.024 1.3 Secchi depth 8 ft 

8/30/2021 11:38 0.08 <0.05 0.53 0.093 1.8 Field replicate  

9/1/2021 10:39 - - - - - Secchi depth 9 ft 

9/6/2021 15:35 0.052 <0.05 0.35 0.019 1.6 Secchi depth 9.5 ft 

9/8/2021 14:59 - - - - - Secchi depth 11 ft 

9/14/2021 13:05 0.093 <0.05 0.35 0.019 1.4 Secchi depth 9.5 ft 

10 sample median  0.0885 <0.05 0.455 0.022 1.475   

 

 

Table 4. Summary of laboratory results at PUF-IMP 

Date 

NO3-

N 

NO2-

N 
TKN TP 

Chlorophyll 

a Notes  

(mg/L)  (mg/L)  (mg/L)  (mg/L)  (µg/L)  

8/5/2021 9:30 - - - - - Secchi depth 8 ft 

8/10/2021 11:20 - - - - - Secchi depth 10 ft 

8/12/2021 10:35 0.091 <0.05 0.41 0.077 1.3 Secchi depth 11 ft 

8/17/2021 10:40 0.11 <0.05 0.58 0.077 1.8 Secchi depth 11 ft 

8/23/2021 11:15 0.12 <0.05 0.33 0.094 1.3 Secchi depth 10.5 ft 

8/30/2021 12:45 0.082 <0.05 0.56 0.075 1.5 Secchi depth 8 ft 

8/30/2021 12:45 0.087 <0.05 0.5 0.09 1.6 Field replicate  

9/1/2021 12:47 0.11 <0.05 0.33 0.079 1.5 Secchi depth 9 ft 

9/6/2021 12:05 0.066 <0.05 0.4 0.018 1.6 Secchi depth 9.5 ft 

9/8/2021 12:10 0.1 <0.05 0.23 0.022 1.4 Secchi depth 11 ft 

9/14/2021 12:00 0.089 <0.05 0.97 0.021 2 Secchi depth 9.5 ft 

10 sample median  0.0955 <0.05 0.405 0.077 1.525   
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Table 0. Summary of laboratory results at PLF-IMP 

Date 

NO3-

N 

NO2-

N 
TKN TP 

Chlorophyll 

a Notes  

(mg/L)  (mg/L)  (mg/L)  (mg/L)  (µg/L)  

8/5/2021 11:40 0.057 <0.05 0.45 0.022 1.8 Secchi depth 8 ft 

8/10/2021 12:55 0.11 <0.05 0.44 0.097 1.6 Secchi depth 10 ft 

8/12/2021 14:00 0.099 <0.05 0.37 0.062 1.6 Secchi depth 11 ft 

8/17/2021 11:35 0.11 <0.05 0.61 0.076 1.4 Secchi depth 11 ft 

8/23/2021 12:05 0.13 <0.05 0.47 0.085 1.2 Secchi depth 10.5 ft 

8/30/2021 14:15 0.086 <0.05 0.53 0.094 1.6 Secchi depth 8 ft 

8/30/2021 14:15 0.086 <0.05 0.47 0.069 1.3 Field replicate  

9/1/2021 14:16 0.11 <0.05 0.35 0.028 2 Secchi depth 9 ft 

9/6/2021 13:35 0.062 <0.05 0.34 0.017 1.1 Secchi depth 9.5 ft 

9/8/2021 13:38 <0.050 <0.05 0.24 0.014 1.6 Secchi depth 11 ft 

9/14/2021 14:36 0.091 <0.05 0.52 0.019 1.6 Secchi depth 9.5 ft 

10 sample median  0.099 <0.05 0.445 0.045 1.6   

 

Total Kjeldahl nitrogen (TKN) was detected in all samples collected at concentrations ranging 

from 0.23 to 0.97 mg/L, both measured at Station PUF-IMP, with median values by station 

ranging from 0.405 mg/L at PUF-IMP to 0.455 at RC-INT. There are no numerical standards for 

nitrogen in freshwater surface waters in NH; however, EPA guidance for the region lists a 

reference condition of 0.71 mg/L for total nitrogen which can be used for evaluation of water 

quality. During this study total nitrogen (estimated as nitrate + TKN) ranged from <0.29 – 1.06 

mg/L with median station values ranging from 0.48 mg/L at PUF-IMP to 0.54 mg/L at RC-INT 

which were below the EPA reference condition of 0.71 mg/L. Total phosphorus was measured in 

both the epilimnion and hypolimnion samples as in the SAP and varied from 0.011 – 0.100 mg/L 

(Station RC-IMP) with median station values ranging from 0.022 mg/L at RC-INT to 0.077 at 

PUF-IMP. The detected phosphorus concentrations were generally within or in excess of the 

CALM (indicator 7b) category for Eutrophic waters of 0.012-0.028 mg/L. Chlorophyll a was 

measured at levels ranging from 0.8 – 2.1 ug/L, with median station values ranging from 1.475 

ug/L at RC-INT to 1.60 ug/L at RC-IMP and PLF-IMP, all below the NH numeric threshold 

(CALM indicator 7b) for an oligotrophic lake of <3.3 ug/L. 

 

There are six municipal wastewater treatment facilities upstream of the projects that discharge 

effluent into the Contoocook and Warner River. These are located in Henniker, Hillsboro, 

Warner, Antrim, Jaffrey, and Peterborough, NH. These facilities along with stormwater runoff 

associated with nonpoint source pollution such as fertilizer used in farming, golf courses, or 

residential lawns are the likely sources of nutrient levels observed in the Contoocook River at the 

hydropower projects during the water quality study.  

 

The Contoocook River corridor management plan (2011) list stormwater runoff and septic 

systems as primary concerns related to water quality.  The plan also notes that water quality has 
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improved likely due to improvements made in wastewater treatment plants. The plan also does 

not mention dams or hydropower operations as a concern.  

 

 

Water temperature 

Temperature conditions in the Project study area were variable during the study period, and 

exhibited a seasonal pattern with a general warming trend early in the study followed by a 

general cooling trend after a mid-August peak with water temperatures in excess of 25 °C. 

Temperatures in the upstream reach, outside the direct hydraulic influence of the Project, were 

comparable to the other stations in the study area and all station temperatures were within ~3 °C 

or less of each other throughout the study. The temperature data collected in this study indicate 

that water temperatures in areas affected by the Project generally follow a natural temperature 

regime that is comparable to areas outside the Project influence. 

 

2.4.2 Project Impact on Water Resources 

The project is operated in run of river mode which minimizes impoundment fluctuations and any 

modifications of natural hydrologic regime.  

 

Observed and previously known pH and nutrient impairments in the Contoocook River are likely 

due to upstream and atmospheric pollution and unrelated to the hydroelectric projects.  

 

Overall, dissolved oxygen levels were good in all tailraces and did not decrease with project 

startup or operation.  Dissolved oxygen levels were also compliant with water quality standards 

in the Penacook Lower Falls and Penacook Upper Falls impoundment throughout the study 

period. The only dissolved oxygen level slightly below the concentration and percent saturation 

thresholds occurred at the Rolfe Canal intake while the project was not operating. The Rolfe 

Canal impoundment also was thermally stratified on two dates and had low bottom dissolved 

oxygen levels.  

 

2.4.3 Protection, Mitigation, and Enhancement Measures 

 

2.4.3.1 Agency Recommended Mitigation 

Briar Hydro is not aware of any agency proposed PM&E measures to protect water resources at 

this time.  

 

2.4.3.2 Applicant Proposed Mitigation 

The applicant is proposing the following PM&E measures to protect water resources.  

 

• Continue to operate the project in run-of-river where inflow to the impoundment 

approximately matches outflow with the exception of approved maintenance or operating 

emergencies.  

• Continue current bypass flows at Rolfe Canal which are 5 cfs in the historic channel that 

bypasses the penstock and 100 cfs in the York bypass at York dam. Though the Rolfe 

Canal license requires 50 cfs flow in the York bypass, Briar has voluntarily increased the 

bypass flow to 100 cfs for Low Impact Hydro Institute certification and is now proposing 
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to maintain the 100 cfs bypass flow under a new license. There are no required bypass 

flows at Penacook Upper Falls or Penacook Lower Falls and there is no evidence that a 

bypass flow in those locations is necessary to protect water resources. Bypass flows will 

be addressed in more detail in the next section 2.5 Fish and aquatic resources.  

 

2.5 Fish and Aquatic Resources 

 
2.5.1 Affected Environment 

 

2.5.1.1 Fish Community 

The Contoocook River watershed hosts both cold and warmwater fish species typical of river 

and stream habitats in New Hampshire. The upper reaches of the Contoocook River reportedly 

provide some of the best trout fishing in southern New Hampshire.  Brown trout successfully 

breed in many tributaries, and brook trout are regularly stocked.  The main stem, however, and 

the Merrimack River north of Concord are inhabited primarily by warm water species.  The 

Merrimack River historically has supported runs of Atlantic Salmon, River Herring, Shad, 

American eels, and Sea Lamprey.  

 

From the original license application, the single most common species near the project site was 

yellow perch.  The lower Contoocook also supports a good bass fishery.  An intensive State of 

New Hampshire fishery survey of the lower Contoocook in 1972 yielded 17% yellow perch 

with pumpkinseed and white sucker close behind in total abundance. Nearly 12% of the fish 

recovered were smallmouth bass, a locally sought-after game species.  Other species present 

included chain pickerel, brown bullhead, and white perch. Further upstream, white sucker 

becomes the most numerous main stem fish species (Wightman 1973).  Available fisheries 

data suggest that the fishery below the project is essentially similar but that white perch are 

relatively more abundant in the Merrimack then in the Contoocook.  

Finfish Species Found in or Near Three Project Sites1 

Scientific Name Common Name 

Anguilla rostrata American eel 

Esox niger Chain pickerel 

Notemingonus crysoleucas Golden Shiner 

Semotilus atromaculatus Creek chub 

Semotilus corporalis Fallfish 

 
1 Source: Penacook Lower Falls Original License Application; Bailey 1938, NHFG, Stolte, Wightman 1972 
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Catostomus commersoni White sucker 

Ictalurus natalis Yellow Bullhead 

Ictalurus nebulosus Brown Bullhead 

Morone americana White Perch 

Lepomis auritus Redbreast Sunfish 

Lepoomis gibbosus Pumpkinseed 

Micropterus dolomieui Smallmouth bass 

Perca flavescens Yellow Perch 

Stizostedium vitreum vitreum Walleye 

 

Resident Fish Species 

The existing fish community and available aquatic habitat in the Project impoundment and 

tailwaters are representative of that of a mid-size, warmwater tributary of the Merrimack River. 

NH Fish and Game regularly conduct presence-absence surveys on the Contoocook river in the 

vicinity of the projects using electrofishing.  The results of these surveys are published on the 

statewide fish survey map: 

https://nhfg.maps.arcgis.com/apps/MapJournal/index.html?appid=d6549e90155b441fa0e29bdc4

4eebc2b  

 

The most recent surveys near each project and the fish species present are listed in the table 

below.  

Year Location Fish species present 

2021 Downstream of Penacook 

Lower Falls 

Brown trout (hatchery origin) 

Margined madtom 

Redbreasted sunfish 

Spottail shiner 

 

2019 Between Penacook Lower 

Falls and Penacook Upper 

Falls 

American eel 

Fallfish 

Margined madtom 

Redbreasted sunfish 

Smallmouth bass 

 

2021 Immediately upstream of 

Penacook Upper Falls 

American eel 

Rock bass 

Redbreasted sunfish 

Smallmouth bass 

https://nhfg.maps.arcgis.com/apps/MapJournal/index.html?appid=d6549e90155b441fa0e29bdc44eebc2b
https://nhfg.maps.arcgis.com/apps/MapJournal/index.html?appid=d6549e90155b441fa0e29bdc44eebc2b


 

27 

 

 

2020 Near York dam American eel 

Bluegill 

Common sunfish 

Common White sucker 

Fallfish 

Longnose dace 

Margined madtom 

Rock bass 

Redbreasted sunfish 

Smallmouth bass 

 

 

Migratory Fish Species 

As noted in the table above American eel a catadromous fish is present in the Contoocook river 

near the projects. Penacook Upper Falls also has an eel lift facility that passed 873 juvenile 

American eels in 2021 and 259 in 2022 (see figure E.7 below for 2021 data).  

 
Figure E.7 Cumulative upstream eel count at Penacook Upper Falls eel lift in 2021 

 

There are two dams, Hooksett and Garvins Falls, downstream of Penacook Lower Falls on the 

Merrimack River that do not currently have upstream fish passage. Therefore, diadromous fish 

that require upstream passage facilities such as alosines (river herring and shad) are not currently 

able to reach the Contoocook River. River herring are sometimes stocked in the Contoocook 

River upstream of the Rolfe Canal by NH Fish and Game however this has not occurred in recent 

years.  

 

The Central New England Distinct Population Segment (DPS) of Atlantic salmon, in which the 

Merrimack River would exist, is considered extirpated. The USFWS ended its participation in 

the Merrimack River Salmon Restoration Program in 2013 although small numbers of returns 
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continue through individual state-supported efforts. Stocking of Atlantic salmon life stages in 

New Hampshire ceased following the 2013 discontinuation of federal propagation 

efforts. While remnant or stray fish returning to the Merrimack River are not specifically 

protected under the Endangered Species Act (ESA), regional watersheds, including the 

Contoocook River watershed, are designated as essential fish habitat (EFH) for the Atlantic 

salmon. There currently are no stocking or plans to restore Atlantic salmon to the Contoocook 

River watershed. 

 

Recreational Fishing 

The Contoocook and North Branch Rivers provide both cold and warm water habitats for several 

species of recreational and sport fish. The most significant, high quality habitat cold water fish is 

the section of rapids in the Hillsboro-West Henniker area. Some sections of the Contoocook 

River are also stocked with trout and open to trout fishing year-round. The slower moving 

sections of the river and impounded areas provide warm water fish habitat. Fishing is popular 

above Peterborough along Route 202 and in most of the impounded areas and flat water stretches 

of the river.  

 

Aquatic Habitat 

Based on a review of the National Marine Fisheries Service online database, the Contoocook 

River is listed as an EFH for the federally listed Atlantic salmon. Atlantic salmon in the Central 

New England DPS are considered extirpated and therefore not protected under the ESA. With 

the discontinuation of propagation and stocking of salmon in the Merrimack River in 2013, only 

remnant or stray fish continue to return. No other designations such as habitat areas of particular 

concern (HAPC) or critical habitat as defined under the Magnuson-Stevens Fishery Conservation 

and Management Act have been identified in the Contoocook River. 

 

Impoundment Habitat 

The Penacook Lower Falls reservoir has a normal maximum water surface area of 8.4 acres at 

278.6 NGVD29 feet MSL. The gross storage capacity is 54 acre-feet.  The mean depth is 

approximately 12 feet and the shoreline length is approximately 1.8 miles.  

The Penacook Upper Falls reservoir has a surface area of 11.4 acres and the normal water surface 

elevation is 306 feet MSL.  The dam has a negligible storage capacity. 

The Rolfe Canal reservoir created by the York Dam has negligible storage and a surface area of 

50-acres, and normal water surface elevation of 342.46 feet NGVD29.  A reservoir created by the 

dam at the end of the power canal has a surface area of 3-acres with negligible storage and a normal 

water surface elevation of 342.5 feet NGVD29. 

Project bypass habitat 

The PLF Bypass is a steep (3%-4%), bedrock-dominated reach approximately 680 ft in length 

bordered by a forested bank on the east and the spillway on the west bank.  
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Figure E.8 Photo of the Penacook Lower Falls bypass reach. 

 

The PUF Bypass is a steep (3%-4%), bedrock-dominated reach 250 ft in length bordered by the 

powerhouse on the east bank and a warehouse building on the west bank. 

 
Figure E.9 Photo of the Penacook Upper Falls bypass.  
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The Rolfe Canal bypasses a short, narrow Historic Channel approximately 1,800 ft in length 

(Figure E.10). The upper one-third of this Historic Channel is a deep, backwater pool habitat; the 

lower two-thirds is a narrow (~20 ft wide) low gradient channel bordered by dense riparian 

vegetation (Figure E.10).  

 
Figure E.10 Photo of the Rolfe Canal Penstock Bypass reach or Historic Channel bypass.  

 

The Rolfe Canal project also includes the York Dam bypass which was the primary study area 

for this instream flow study (IFS) from York Dam downstream approximately 4,000 feet to its 

confluence with the PUF headpond. This reach drops approximately 28 feet for an average 

gradient of 0.7%. The upper half of the Rolfe Bypass is composed of alternating short sections of 

bedrock ledge and rapids habitat and deeper pool/run habitat (Figure E.11). The lower half of the 

bypass is predominantly composed of shallow, cobble/boulder-dominated riffle and run habitat. 

Channel widths range from 50 feet to over 150 feet. Both banks are lined with mature deciduous 

and coniferous riparian trees, with limited shrub vegetation on exposed bedrock ledges. 
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Figure E.11 view of the York Dam bypass channel downstream of the dam 

 

Current bypass reach flows 

The current licenses do not require minimum bypass flows at Penacook Lower Falls or Penacook 

Upper Falls. At Rolfe Canal, there is a minimum bypass flow of 5cfs for the reach bypassed by 

the penstock and powerhouse and 50 cfs for the York bypass. However, in order to obtain Low 

Impact Hydropower Institute (LIHI) certification for this facility Briar Hydro agreed to increase 

the York bypass flow to 100cfs in 2012. In 2017, following field visit agency staff from USFWS 

and NH DES agreed that bypass flows of 5cfs in the canal bypass and 100 cfs in the York dam 

bypass were acceptable for LIHI certification.  

 

Relicensing study: Instream Flow and Habitat Assessment Study 

The complete instream flow study report is provided in section 2.13 at the end of this Exhibit.  

 

The 4,000 ft York dam bypass was mapped into 16 habitat units (31% pool, 50% run, and 20% 

riffle (excluding terminal cascade). The lower 1,900 ft was dominated by cobble-boulder 

substrate, the upper 1,900 ft was bedrock dominated. Nine transects were placed in approximate 

proportion to habitat availability (3 pools, 4 runs, 2 riffles). Habitat was modeled for bypass 

flows ranging from 25 cfs to 500 cfs, based on 3 calibration flows (60 cfs, 109 cfs, and 172 cfs). 

Habitat was modeled for 14 species and life-stages 

 

The magnitude of suitable habitat was minimal for spawning life-stages due to the abundance of 

bedrock substrate. Fry showed maximum habitat at lower flows than juvenile and adult life-



 

32 

 

stages. Combined across all species and life-stages, 70%, 80%, and 90% of maximum suitable 

habitat occurred at flows of 98 cfs, 150 cfs, and 275 cfs , respectively 

 

 
Figure E.12 Average percent maximum area weighted suitability across all species and life 

stages considered at a range of discharge in the York Dam bypass reach.  

 

Qualitative habitat assessments were conducted in the Rolfe Canal bypass, the PUF bypass, and 

the PLF bypass. Spot measurements of depths and velocities suggested alosine passage to the 

face of the dams in the PUF but not in the PLF bypass.   

 

Fish Passage 

Several studies were requested and conducted to assess current upstream and downstream 

passage effectiveness and survival for alosines and American eel.  

 

The studies included: 

• Adult alosine downstream passage 

• American eel downstream passage 

• American eel upstream passage 

• Downstream fish passage survival 

• Fish passage study feasibility assessment 

 

Complete study reports for these studies are included in section 2.13 of this exhibit except for the 

fish passage feasibility study which is anticipated to be completed by mid-March 2023 and will 

be provided to the Commission and other consulting agencies once it is completed.  

 

Adult alosine downstream passage 

The study consisted of tracking 100 individual tagged adult river herring to evaluate their 

residence time, passage location, and survival as they migrated downstream from above Rolfe 

Canal, through the three projects and to the Merrimack River. The median residence time 

upstream of each project was 22.3 hours for Rolfe Canal, 31.9 hours for PUF, and 39.6 hours for 
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PLF. At Rolfe Canal, 14% of individuals went through the turbine and 86% went through spill at 

York dam, at PUF 23% went through the turbine, 17% used spill, and 60% used the downstream 

passage, and at PLF 52% went through the turbine and 44% used the downstream passage. The 

downstream passage success was 91.4%, 91.8%, and 95% for Rolfe, PUF, and PLF, respectively.  

 

American eel downstream passage 

As a result of LIHI certification, Briar Hydro has implemented mitigation and protection for 

downstream migrating eels by shutting down operations from sunset to sunrise for three 

consecutive nights any time there is a precipitation event of at least 0.25 inches within 24 hours 

from August 15th to November 1st or when river water temperature reach 10 degrees C. These 

shutdowns were being done during the downstream eel passage study which occurred from mid-

October to early November and there were 11 nighttime shutdowns during the study. Adult 

American eels were radio tagged (105 total) and released upstream of Rolfe (63), upstream of 

PUF (21), and upstream of PLF (21) on three separate release dates. The median residence time 

upstream of each project was 0.3 hours at Rolfe, 0.2 hours at PUF, and 1.2 hours at PLF. The 

overall downstream passage success for adult eels at each project was 92.1% at Rolfe, 84.8% at 

PUF, and 90.9% at PLF. However, as would be expected passage survival was much higher 

when the project shut down (100%, 96%, and 98%) than operating (78%, 57%, and 77%, 

respectively at Rolfe, PUF, and PLF).  

 

American eel upstream passage 

The study of juvenile American eel upstream passage had three components, nighttime surveys, 

backpack electrofishing surveys, and a mark-recapture study at the PUF eel lift. During four 

nighttime surveys only a total five juvenile eels were observed. Three were found in the York 

dam bypass reach and two were found at PLF near the auxiliary spillway while no eels were 

observed during any of the surveys at the Rolfe canal intake, Rolfe tailrace, or Rolfe penstock 

bypass. Two backpack electrofishing surveys conducted at three locations found no eels. 

Findings suggest low overall abundance of juvenile eels downstream of Rolfe Canal and PLF. 

There was also no discernible pattern based on these limited observation that would inform the 

placement of upstream eel passage at either project. The mark-recapture study marked two 

batches of approximately 100 individuals each that were collected after passing the PUF eel lift 

and released back downstream of the lift. Only 2% of marked eels from the first batch were 

recaptured and none from the second batch. This study was inconclusive as it is impossible to 

determine the fate of the marked eels that were not recaptured.  

 

Desktop downstream migrating fish survival analysis 

A desktop modeling analysis of downstream passage survival was conducted for Shad, adult and 

juvenile alosines for all three projects. For adult alosines, this analysis produced similar results 

than the empirical study for PUF and PLF but predicted lower survival at Rolfe (56 – 59%). 

Adult shad had lower estimated survival than alosines, likely due to larger body size (24-30% at 

Rolfe, 55-61% at PUF, and 72-75% at PLF). While juvenile alosines had high survival estimates 

at all three projects (97-99% at Rolfe, 96-98% at PUF, and 96-97% at PLF). Based on robust 

passage estimates obtained for out migrating American eel at the three projects during the fall 

2021 empirical study, no desktop evaluation was conducted for that species.  
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2.5.1.2 Mussel Community 

Freshwater Mussel Survey 

Mussel surveys were conducted in September 2021 at five locations including the impoundment 

for each of the three projects, the York dam bypass and downstream of PLF. A total of 2,700 

individuals were collected and identified. The mussel species identified included Eastern elliptio, 

brook floater, triangle floater, eastern floater, eastern lampmussel. Mussel community was vastly 

dominated by Eastern elliptio representing 98% of all identified individuals. Of note was the 53 

brook floater mussels found which were almost all located in the York dam bypass. Brook 

floaters are a state endangered species in NH and the population found in the York bypass is 

robust and healthy with several age classes identified. Based on these findings the population of 

brook floaters in the York bypass have established in a suitable habitat and any proposed 

deviations from proposed operations should consider potential impact on these mussels.  

 

2.5.3 Protection, Mitigation, and Enhancement Measures 

2.5.3.1 Agency Recommended Mitigation 

NMFS submitted comments on the Draft License Application which included requested PM&E 

related to fish passage. Their comments are copied below:  

 

Measure #1 - Project operations; remove the word “approximately”.  

Measure #2 - Minimum flows; the necessary flows may change depending on what is determined 

to be required for safe, timely, and effective downstream passage at Rolfe Canal and the 

penstock bypass. In particular, at the penstock/powerhouse intake, there will likely be a need to 

install a route of egress through the historic canal that currently takes 5 cfs. If this is done, the 

minimum flow will need to be increased to 25 or 30 cfs with the installation of an entrance that 

meets contemporary fish passage standards for alosines (USFWS 2019).  

Measure #3 - Proposed measures related to American eel:  

• One-inch clear spacing is not protective of adult American eel. We cite the recent study 

by Amaral et al. (2021) as evidence to support this position.  

• Similarly, the proposed temporary overlay deployment period is not protective of adult 

alosines, which actually had lower survival in some instances than eels through the 

turbines. If overlays are the preferred alternative, then the clear spacing should be 

reduced to¾” and the deployment period should be increased to cover from May 15 to 

November30 (or 10°C) at Rolfe and PUF Projects.  

• Further, if Briar prefers to have overlays and throttle down the units to meet approach 

velocity requirements, then this should be done nightly throughout the downstream 

passage season without any triggering rain event.  

o If the overlay approach is selected, we are agreeable to the proposed 

implementation in the second year after license issuance, provided that Briar 

maintains their current nighttime shutdown protocols. 



 

35 

 

o For PLF, we agree generally with the proposed approach, noting that no specifics 

are yet detailed. However, the seven-year implementation schedule is longer than 

necessary. We contend that five years (2-3 years for design, a year for permitting, 

and a year for construction) is a more appropriate timeline to implement the 

proposed measures. As there is no current protection measures in place other than 

an ineffective bypass at PLF, additional delays in implementation are 

unacceptable. 

Measure #4-Upstream alosine passage: 

o We do not agree with the proposed trigger numbers, and will not support their inclusion 

in the new license. One passage alternative that is not discussed in the DLA but may be 

viable, is a single trap structure at PLF that would allow fish to be collected and trucked 

to the York impoundment, bypassing the other two projects entirely.
 

Such a configuration 

would make trigger numbers at PUF and Rolfe Projects irrelevant. One of the purposes of 

the Passage Feasibility Study (which has not been completed to date) mentioned in our 

cover letter was to provide data necessary to evaluate the viability of building a single 

trap and truck(T&T) facility at PLF in lieu of individual fishways at each Project. 

 

o If the T&T alternative is selected, we recommend Briar construct and begin operation of 

the facility within two years of implementation of upstream passage the Garvin’s Falls 

Project. Agencies plan to stock fish upstream of the Contoocook projects in the interim 

and we anticipate plenty of fish will reach the Contoocook Projects once Garvin’s Falls 

fishway begins operation to justify commencing the T&T operations.  

 

o Upstream anadromous facilities at PUF and Rolfe Projects are likely not necessary with a 

well-maintained and operated T&T facility at PLF Project. Further, we estimate that even 

with optimistic passage efficiencies, three separate volitional passage facilities would not 

be able to match the efficiency gained from a single well-functioning T&T facility. The 

absence of meaningful amounts of diadromous fish habitat in the reaches between these 

Projects further supports this approach.  

 

Measure #5 - Downstream fishways; some improvements/enhancements of the existing 

downstream fish passage measures will likely be needed. The entrance efficiency was not 

sufficient in the alosine study, though passage survival looked acceptable for fish routed through 

the existing bypasses. Briar should also consider the route of egress for eels, as it is important for 

them to move through the project boundaries quickly and safely, particularly once they are 

excluded from the turbines.  

 

Measure #6 - Upstream eelway(s); permanent eelways (likely multiple) at Rolfe and PLF 

Projects are needed; we defer to NHFG and USFWS for specifics on the siting and design of 

these facilities.  

 

Measure #7 - Necessary drawdowns; we recommend Briar consider including language 

mirroring FERC’s standard language related to drawdowns/deviations to more clearly outline 

agencies involved and what these events entail, for example:  
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o “The licensee may deviate from the INSERT OPERATIONAL MEASURE HERE for 

short periods of time, of up to three weeks, after concurrence from LIST AGENCIES. 

The licensee must file a report with the Secretary of the Commission as soon as possible, 

but no later than 14 calendar days after the onset of the deviation. Each report must 

include: (1) the reasons for the deviation and whether operations were modified, (2) the 

duration and magnitude of the deviation, (3) any environmental effects, and (4) 

documentation of approval from the conditioning agencies. For deviations from the 

mandatory conditions exceeding three weeks, the licensee must file an application and 

receive Commission approval prior to implementation.”  

 

o And for refill: “To protect aquatic resources of the INSERT NAME River downstream of 

the Project(s), the Licensee should implement a reservoir refill protocol whereby, 

following a reservoir drawdown, whether in support of power generation, planned or 

unplanned maintenance activities, or in response to conditions beyond the Licensee’s 

control, 90 percent of inflow is passed downstream of the Project’s tailrace and the 

reservoir is refilled on the remaining 10 percent of inflow. This refill protocol may be 

modified on a case-by-case basis with the prior approval of the Service, the New 

Hampshire Fish and Game Department, and the New Hampshire Department of 

Environmental Services.”  

 

2.5.3.2 Applicant proposed Mitigation 

As mentioned in the cover letter accompanying this application, the fish passage feasibility study 

is delayed and is now expected to be completed by mid-March 2023. This study will evaluate 

alternative approaches to upstream and downstream fish passage, recommend a preferred 

approach, and estimate the capital, operation, and maintenance cost as well as the effect on 

generation of proposed fish passage PM&E.  The results of this study are necessary to inform 

applicant proposed fish passage PM&E measures, therefore we will submit updated applicant 

proposed fish passage PM&E after the feasibility study is completed.  

A trap and truck approach to upstream fish passage that would capture fish at the Penacook 

Lower Falls project, transport, and release them upstream of York dam is being considered in the 

fish passage feasibility study and is likely to be the applicant’s preferred approach to upstream 

passage, pending the results of the feasibility study.  

We propose the following PM&E measures for fish and aquatic resources, excluding fish 

passage.  

• Continue to operate all three projects in run of river mode where inflow approximately 

equals outflow.  

o We continue to describe run-of-river operations as inflow approximately equaling 

outflow despite NMFS request that we delete “approximately”. Realistic 

expectations must recognize that even the best efforts to operate in true 
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instantaneous run of river mode will not result in absolute parity in instantaneous 

inflow and outflow at all times.  

• Continue to maintain the existing minimum flow requirements at Rolfe Canal of 5 cfs in 

the canal/penstock bypass and 100 cfs in the York dam bypass.  

o We note, following discussions with state and federal resource agencies, that this 

proposed bypass flow PM&E may be updated pending the results of the fish 

passage feasibility study.  

• If a drawdown of the York bypass is necessary for maintenance work at York dam or 

Penacook Upper Falls, Briar Hydro will consult with agencies to develop a plan to 

protect the identified population of brook floater mussels during any drawdowns.  

• If a planned drawdown is necessary to perform maintenance on dam or project structures 

or equipment, we will notify NH DES, NH Fish & Game, USFWS, and NMFS staff at 

least 30 days in advance. We will also follow public notice requirements under NH RSA 

482:13, if applicable.  After a drawdown the impoundment will be refilled by passing 

90% of inflow downstream and using 10% of the inflow to refill the impoundment until 

the normal pond level elevation is reached.  This refill method will be used unless a 

different method has been proposed and approved by the agency staff listed above.  

 

Cost of applicant proposed PM&E 

The effect on lost generation and lost revenue of increasing the York bypass flow from 50 cfs to 

100 cfs is estimated to be 889,987 kWh per year.  Assuming a power price of $0.10/kWh that 

represents $88,998.70 in lost revenue per year. There is no capital cost associated with this 

change in operation. 

The capital cost of constructing the upstream eel lift passage was $32,360.  The estimated annual 

operation and maintenance cost associated with continued operation of the upstream eel lift 

passage is $5,520 and $1,000, respectively.   

 

 

2.6 Terrestrial Resources 

2.6.1 Affected environment 

All three of the projects operate in run of river mode with minimal impoundment water level 

fluctuations therefore minimizing effects on terrestrial environment. There is also little land area 

included inside the project boundaries for each project.  
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2.6.1.1 Land Use 

All three projects are located in developed areas and the land use in the project boundaries is 

predominantly a mix of residential and commercial. At Penacook Lower Falls a printing facility 

and warehouse borders the project as well as a former industrial site currently undergoing 

environmental remediation. The PLF impoundment is primarily bordered by residential 

properties with lawns and a narrow border of trees along the riparian habitat. Penacook Upper 

Falls is the most urban of the three projects located in the village of Penacook. The project 

boundary is bordered primarily by commercial properties with some buildings abutting the river 

directly. There are some multi-family residential units also nearby and the City of Concord is 

planning to redevelop a former industrial site into a small public park near the project. The Rofle 

Canal project boundary surrounds an island that is half developed into a residential area and half 

undeveloped and forested. The predominant land use surrounding the Rolfe Canal project area is 

residential including both single family and multi-family developments.  

The environmental remediation site located near Penacook Lower Falls is now owned by the 

Town of Boscawen and due to its industrial history is contaminated with asbestos containing 

materials (ACM), polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), 

and other heavy metals in the soil and building materials. The site is 1.38 acres and is located on 

parcels 149-6, 149-7, and 149-8 shown on the map below. Lot numbers are also shown on the 

project boundary map in Exhibit G.  
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2.6.1.2 Plant community 

The NH Wildlife Action Plan includes maps of habitat and forest type. Many areas around the 

projects are identified as developed and impervious. The limited forested patches near PLF and 

PUF are Hemlock-Hardwood-Pine while the forested areas near Rolfe Canal are Appalchian Oak 

Pine habitats.  

Appalachian Oak and Pine forest is characterized by the presence of white oak (Quercus alba), 

black oak (Quercus velutina), scarlet oak (Quercus coccinea), chestnut oak (Quercus montana), 

and white pine (Pinus strobus). In addition, hickories (Carya spp.), sassafras (Sassafras 

albidum), pitch pine (Pinus rigida), and mountain laurel (Kalmia latifolia) are common. 

Understory plants may include blueberry (Vaccinium sp.), black huckleberry (Gaylussacia 

baccata), and may be dominated by mountain laurel shrubs (Kalmia latifolia). The habitat is 

found mostly below 900 ft elevation in nutrient poor, dry, sandplain or shallow bedrock (NHFG 

2015). 

 

Hemlock-Hardwood-Pine forest is a transitional forest containing a variable matrix of species. It 

can typically be characterized by white pine, and eastern hemlock (Tsuga canadensis). 

Depending on the substrate American beech (Fagus grandifolia), sugar maple (Acer saccharum), 

white ash (Fraxinus americana), and red oak (Quercus rubra) are common. The understory can 

include witch hazel (Hamamelis virginiana), maple-leaved viburnum (Viburnum acerifolium), 

black birch (Betula lenta), black cherry (Prunus serotina), and ironwood (Olneya tesota) (NHFG 

2015). 

 

Wetland habitat 

The National Wetland Inventory (US FWS) shows that the Contoocook river is classified as 

riverine habitat except the area between PUF and PLF which is considered freshwater pond. 

There are isolated patches of forested/shrub wetland near the Rolfe Canal penstock and 

powerhouse and at the downstream end of the York bypass. There are also areas classified as 

freshwater emergent wetland and forested/shrub wetland downstream of PLF.  

 

A map of wetland habitat in the vicinity of each project area is shown below in figure E-13.  
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Figure E.13 Map of wetland habitat in the vicinity of the three project areas.  

 

2.6.1.3 Wildlife 

The projects are located in primarily developed area with mixed residential and commercial land 

use therefore much of the area is fragmented by roads and development, which restrict wildlife 

movement and limit the Project area’s use to those species that can tolerate or thrive in proximity 

to humans. Examples of common mammals that may occur in the suburban and pockets of 

natural habitats in and bordering the project areas include small rodents (e.g., white-footed 

mouse [Peromyscus leucopus] and redbacked vole [Myodes rutilus]), shrews (e.g., short-tailed 

shrew [Blarina brevicauda], eastern chipmunk [Tamias striatus], gray squirrel [Sciurus 

carolinensis], red squirrel [Tamiascuirus hudsonicus], eastern cottontail rabbit [Sylvilagus 

floridanus], muskrat [Ondatra zebithicus], beaver [Castor canadensis], porcupine [Erethizon 

dorsatum], Virginia opossum [Didelphus virginiana], raccoon [Procyon lotor], striped skunk 

[Mephitis mephitis], short-tailed and longtailed weasels [Mustela ermine and M. frenata], mink 

[Neovison vison], otter [Lutra canadensis], red fox [Vulpes vulpes], gray fox [Urocyon 

cinereoargenteus], coyote [Canis latrans], bobcat [Lynx rufus], and white-tailed deer 

[Odocoileus virginianus]). All eight bat species may use the Project area either as summer 

residents or migrants: big brown bat (Eptesicus fuscus), little brown bat (Myotis lucifugus), 
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eastern red bat (Lasiurus borealis), hoary bat (Lasiurus cinereus), silver-haired bat 

(Lasionycteris noctivagans), tricolored bat (Perimyotis subflavus), northern long-eared bat 

(Myotis septentrionalis), and eastern small-footed bat (Myotis leibii). 

 

Reptiles and amphibians that are likely to occur the Project area include garter snake 

(Thamnophis sirtalis), milk snake (Lampropeltis t. triangulum), northern water snake (Nerodia s. 

sipedon), ring-necked snake (Diadophis punctatus), painted turtle (Chrysemys picta), snapping 

turtle (Chelydra serpentine), red-backed salamander (Plethodon cinerus), spotted salamander 

(Ambystoma maculata), blue-spotted/Jefferson salamander complex (Ambystoma spp), eastern 

newt (Notophthalmus viridescens), American toad (Anaxyrus americana), wood frog (Lithobates 

sylvatica), spring peeper (Pseudoacris cristata), bullfrog (Lithobates catesbiana), green frog 

(Lithobates clamitans) and pickerel frog (Lithobates palustris). 

 

Many bird species may use the Project area during the breeding season, during migration and in 

the winter. The following list includes water-dependent birds known to or likely to occur in this 

region of New Hampshire : Canada goose (Branta canadensis), mallard (Anas platyrhynchos), 

American black duck (Anas rubripes), wood duck (Aix sponsa), hooded merganser (Lophodytes 

cucullatus), common merganser (Mergus merganser), common goldeneye (Bucephela clangula), 

bufflehead (Bucephela albeola), pied-billed grebe (Podilymbus podiceps), ring-billed gull (Larus 

delawarensis), double-crested cormorant (Phalacrocorax auritus), bald eagle (Haliaeetus 

leucocephalus), great blue heron (Ardea herodias), green heron (Butorides virescens), spotted 

sandpiper (Actitis macularis), belted kingfisher (Megaceryle alcyon), tree swallow (Tachycineta 

bicolor), common grackle (Quiscalus quiscula), and red-winged blackbird (Agelaius 

phoeniceus). 

 

2.6.1.3.1 Avian interactions 

The projects’ transmission line poles and other equipment currently installed that are owned and 

maintained by the projects have not been evaluated to determine if they are consistent with the 

Avian Power Line Interaction Committee and USFWS guidelines to minimize adverse avian 

interactions. Electrical equipment associated with the projects is described, including photos, in 

Exhibit A of each project license application. There have been no requests by agencies consulted 

to implement any avian protection measures and we are not, at this time, proposing any avian 

protection measures nor do we have an avian protection plan. We also have no data regarding 

observed or documented avian interactions with project power lines. Anecdotally, we have not 

observed negative avian interactions at the projects.  

 

2.6.1.4 Invasive Plant Species 

Variable milfoil has been reported in the project area.  No management is being done at this 

time, due to extensive upstream infestations that are currently under management. The exact 

location or extent of variable milfoil in the project areas is unknown. Variable milfoil was first 

documented in Contoocook lake in Rindge NH in 1989, Cheshire Pond in Jaffrey in 1994, 

Hopkinton Lake/Dam in 2000, and in “various locations” in the Contoocook Rive in 2001, and in 

2004 in the Merrimack River at the confluence with the Contoocook River according to the NH 

DES Exotic aquatic species report issued in 2017. Treatments to control the variable milfoil have 

been made in Contoocook Lake by the local Lake Association in partnership with NH DES 
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including herbicide application and benthic barriers. In Cheshire Pond a winter drawdown was 

done to attempt to freeze the milfoil. In Hopkinton dam reservoir the USACE have used both 

benthic barriers and herbicide treatments to attempt to control the variable milfoil infestation.  

 

Invasive terrestrial plants have not been documented in the project areas. Some common 

terrestrial invasive plants in the region, including purple loosestrife and Japanese knotweed may 

be present but have not been explicitly identified. If present, invasive terrestrial plants would be 

managed according to the vegetation management plan described in section 2.6.1.5 below.  

 

2.6.1.5 Vegetation Management 

 

Vegetation management at the projects is done to maintain safety and necessary access to project 

features. Dam safety requires that vegetation be cleared or mowed regularly to avoid root 

damage to dam and other water retaining structures and to allow for visual inspection of these 

structures. Vegetation must also be kept clear from overhead power lines and other electrical 

equipment. We also must maintain vegetation to allow for access to necessary project areas for 

regular monitoring of project condition, maintenance, and recreation.  Some vegetation such as 

poison ivy can create an unsafe work environment for our staff and must be removed to prevent 

work injuries.  

 

Penacook Lower Falls: Within the project boundary, during the summer mowing and/or weed 

whacking is done near the access to the diversion structure and in the area immediately 

surrounding the substation on the south east shore of the river. This allows access to the 

substation and meter as well as prevents trees from growing under the overhead powerlines. A 

contractor is also hired to annually apply herbicide on the perimeter of the substation. The 

contractor is responsible for obtaining permits and following all applicable laws and rules 

regarding the application of herbicides. The access road and parking area at the boat ramp are 

maintained to allows access which may involve weed whacking during the summer and 

infrequently trimming branches.  

 

Penacook Upper Falls: Mowing and/or weed whacking is done along the wingwall on the eastern 

shore of the river and around the transformer pad. A contractor is also hired to annually apply 

herbicide on the perimeter of the substation. The contractor is responsible for obtaining permits 

and following all applicable laws and rules regarding the application of herbicides. 

 

Rolfe Canal: A landscaping contractor mows the lawn area around the powerhouse. As required 

for dam safety, vegetation near dam structures and on the embankments of the canal is either 

mowed, weed whacked, or annually herbicide is applied by a contractor.  The vegetation along 

the dirt road to York dam is maintained to allow access. Therefore, trees are only trimmed or 

removed if they impede vehicle access on the road or are causing a safety hazard (are likely to 

fall in the road). Vegetation is managed at the boat ramp to allow continued use for recreation 

including mowing and/or weed whacking as needed during the summer along the perimeter of 

the parking area, access driveway, and boat ramp.  

 

 



 

43 

 

2.6.2 Project impacts on terrestrial resources 

The projects operate in run of river and therefore would not affect upland vegetation and plant 

species while riparian vegetation are adapted to water level fluctuation and periodic inundation 

which may occur during periods of unusually high river discharge or precipitation. The wildlife 

species residing in the vicinity of the project areas would be well adapted to human activity due 

to the residential/commercial uses in the area therefore the activities associated with hydropower 

operations are unlikely to have any additional effect on terrestrial wildlife in the area.  

 

2.6.3 Protection, Mitigation, and Enhancement Measures 

2.6.3.1 Agency recommended mitigation 

We are not aware of any agency recommended mitigation measures related to terrestrial plants, 

wildlife, or invasive plants in the project areas. 

 

2.6.3.2 Application proposed mitigation 

The Applicant is not recommending any mitigation measures associated with terrestrial plants, 

wildlife, or invasive plants in the project areas. 

 

2.7 Threatened and Endangered species 

2.7.1 Affected environment  

The NH natural heritage bureau (NH NHB) maintains a database of known occurrences and 

locations of rare, threatened, and endangered species in NH. The following is a list of species of 

concern in NH with records of occurrence in the vicinity of the project areas. It should be noted 

that some of the known locations are outside of the project boundaries but are included here 

because they are known to occur near the projects as indicated in the table below. The NH NHB 

report includes a remark that the most recent report of known occurrence for long-leaved 

pondweed and sessile-fruited arrowhead was more than 20 years ago.  

 

Scientific Name Common Name 

New 

Hampshire 

Status 

Federal Status 

Known occurrence location 

Invertebrate Species:  

Gomphus quadricolor Rapids Clubtail Special 

Concern 

N/A Within 1 mile of project 

boundary PUF & RC 

Plant Species:  

Potamogeton nodosus Long-leaved pondweed Threatened N/A Within PLF project boundary 

Within 1 mile of project 

boundary PUF & RC 

Sagittaria rigida Sessile-fruited arrowhead Endangered N/A Within 1 miles of project 

boundary PLF & PUF 

Shores of Merrimack River 

Vertebrate Species:  

Anguilla rostrate American Eel Special 

Concern 

N/A Within project boundary 

PLF, PUF & RC 

Haliaeetus leucocephalus Bald Eagle Special 

Concern 

Delisted Within 1 mile of project 

boundaries PLF, PUF, & RC 

Emydoidea blandingii Blanding’s Turtle Endangered N/A Approximately 1 mile from 

project boundary RC only 
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Heterodon platirhinos Eastern Hognose Snake Endangered N/A Approximately 1 mile from 

project boundary RC only 

Bufo fowleri Fowler’s Toad Special 

Concern 

N/A Within 1 mile of project 

boundaries PUF & PLF 

Rana pipiens Northern Leopard Frog Special 

Concern 

N/A Within 1 mile of project 

boundaries 

 

Clemmys guttata Spotted Turtle Threatened N/A Within 1 mile of project 

boundaries 
 

Glyptemys insculpta Wood Turtle Special 

Concern 

N/A Within project boundary RC 

 

In addition to the species listed above, the mussel survey study found a population of brook floater 

(Alasmidonta varicose) mussels which is a state endangered species in NH. The mussel survey is 

discussed in section 2.5.1.2 above and the complete mussel survey report is included in section 

2.13 of this Exhibit.  

 

A verification of the USFWS IPaC database for the area including all three project areas and 

immediate vicinity listed the following species as potentially affected by activity in this area: 

Northern long-eared bat – Threatened (proposed status update to endangered March 2022 – 

proposed rule pending)  

Monarch butterfly – Candidate 

Small whorled Pogonia – Threatened  

 

In addition to the three species listed above, USFWS proposed to list the tricolored bat as an 

endangered species in September 2022. The range of the tricolored bat includes New Hampshire 

however, the proposed rule is still pending.  

 

There are no critical habitat at this location.  

 

2.7.2 Project Impacts on Threatened and Endangered species 

Briar Hydro knows of no information suggesting that the current operations or maintenance of 

the three projects are adversely affecting threatened and endangered species in the vicinity of the 

Project. 

 

The only NH NHB records on occurrence within the project boundaries are long leaved 

pondweed at PLF and Wood turtle at RC. The long-leaved pondweed record is outdated and 

current presence is uncertain. The wood turtle occurrence was near the penstock bypass at Rolfe 

Canal project. This bypass has a 5 cfs bypass flow and we propose to maintain this constant 5 cfs 

bypass flow. Maintaining current operation would not negatively affect this species. Project 

operations and maintenance would not negatively affect the species listed below that are known 

to occur outside of the project boundaries.  
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Small whorled pogonia typically occurs in dense tree and underbrush forested areas covering a 

large tract. The only significant area of forest in the immediate vicinity of any of the projects is 

the undeveloped portion of the island between the Rolfe canal and the York bypass. This forested 

area is located outside of the project boundary therefore not affected by project operations. 

Hydropower operations use and maintain an existing access road to York dam and do not 

otherwise access or impact the forested area. Since the access road is existing and already a 

disturbed area it is unlikely that small whorled pogonia would occur near the road.  

 

The primary threat to the northern long eared bat and the tricolored bat is white-nose syndrome. 

Other factors negatively affecting bats is climate change and habitat fragmentation. As a 

renewable energy facility, hydropower is part of the solution to climate change. We are not 

proposing any new construction or development at these projects that would contribute to habitat 

fragmentation. The only maintenance activity that could impact local bats is tree clearing. We 

only remove trees if required for dam safety, if they fall and block necessary access, or are 

creating a safety hazard. Since the only tree cutting undertaken as part of our maintenance 

activities is specifically for safety purposes (dam safety, under overhead powerlines, or 

staff/public safety) our operations and maintenance activities do not risk unjustifiably affecting 

bats.  

 

The primary drivers affecting the health of the two North American migratory populations of 

monarch butterflies are changes in breeding, migratory, and overwintering habitat (due to 

conversion of grasslands to agriculture, urban development, widespread use of herbicides, 

logging/thinning at overwintering sites in Mexico, unsuitable management of overwintering 

groves in California, and drought), continued exposure to insecticides, and effects of climate 

change. We are not proposing any new activities or changes to operations that would affect 

monarch butterflies or their habitat. Ongoing vegetation management practices at these projects 

that may affect monarch butterfly habitat are described in section 2.6.1.5. Generally, mowing and 

limited herbicide applications done by a contractor are only done in areas necessary to maintain 

dam safety and access therefore we are not likely to be significantly affecting monarch butterfly 

habitat.  

 

2.7.3 Protection, Mitigation, and Enhancement Measures 

2.7.3.1 Agency recommended mitigation measures 

The applicant is not aware of any mitigation measures related to threatened and endangered 

species recommended by the agencies.  

 

2.7.3.2 Applicant recommended mitigation measures 

The applicant is not recommending any mitigation measures related to threatened or endangered 

species.  
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2.8 Recreation and Land Use resources 

2.8.1 Affected environment 

 

Recreation 

Penacook Lower Falls 

The Penacook Lower Falls project constructed and currently maintains a parking area and boat 

launch facility in a cove on the southern shore of the Contoocook River approximately 700 feet 

downstream of the powerhouse free of charge to visitors.  

The boat launch area provides access to the Merrimac River and is widely used by local fishermen, 

daytime boaters and by local kayak clubs. Moderate levels of angling have been observed in the 

project's impoundment and on the southern bank of the tailrace during the years of project 

operation. Access is gained to the southern bank of the tailrace immediately downstream of the 

powerhouse or from property surrounding the boat launch ramp.   

Parking at the boat launch is available in a cleared dirt area approximately 100 ft by 100 ft which 

does not have striped parking spaces. If we assume that only half of that area is available for 

parking (5,000 sq ft) with the remaining space for drive and turnaround lanes and that the parking 

space per vehicle is 250 sq ft (10ft x 25ft), we can estimate there is enough space to park upwards 

of 20 vehicles. Since the parking is haphazard and some vehicles may have trailers the actual 

parking capacity may be less than that estimate in practice. See Figure E.14 for a map of the boat 

launch and closer aerial view of the parking area.  
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Figure E.14 Map showing the location of Penacook Lower Falls Boat Ramp and closer aerial view 

of the parking area.  
 

Penacook Upper Falls 

In conjunction with the City of Concord, Briar helped to develop a recreational facility known as 

the Penacook Downtown River Park (aka Riverside Park) (see Figure E.15 and Figure E.16). The 

park borders and overlooks the project’s impoundment area and has two focal points; the first, a 

stone structure on site which is used as a theater and stage, and the second, the Contoocook River 

Figure E.15 Photos of Riverside Park located near Penacook Upper Falls project.  

 itself, the major emphasis of the park being the benches and grassy areas which allow visitors to 

enjoy the visual and audio aspects of the river.  The park is open year round and is provided free 

of charge to visitors.  
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The City of Concord has proposed developing a new park on the eastern shore of the river 

immediately upstream of Penacook Upper Falls. Briar Hydro is collaborating with the City of 

Concord on this project by providing easements and input on the park. The City and Briar Hydro 

are discussing including interpretive educational signage on the topic of hydropower.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure E.16 Aerial image showing the location of Penacook Upper Falls dam, existing park and 

proposed new park.  

 

Rolfe Canal 

The Project provides limited recreational opportunities due to insufficient shorelands ownership 

by Briar Hydro. The City of Concord owns a large tract of forested land that is located 

immediately downstream of the intake to the Rolfe Canal and between the York bypass and the 

canal.  Although the City has identified this land as a potential location for a park, no formal 

Proposed 

new park 
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development has yet occurred, and the area is primarily used for hiking and serves as access for 

angling. 

 

Figure E.17 Map of Rolfe Canal Project Lands and Recreation Access 

Prior to Project development, the City of Concord maintained a boat launch (See Figure E.18) on 

the riverbank at the canal inlet. The license indicated that BRHA would protect the City’s 

existing boat launch during Project construction and operation; however, unsafe currents were 

identified during a FERC inspection in 1990 and an order was issued requiring the BRHA to 

relocate the boat launch. FERC subsequently issued an order on January 22, 1993 approving a 

redesign with the launch remaining in the original location but with a breakwater to create a 

slack-water area for safe launching. The order requires the completion of a study within nine 

months to determine the maximum safe velocity for use of the launch with gating off of the 

launch when velocities exceed the safe level.  FERC approved the boat launch operation plan by 

letter order dated June 24, 1993. The license does not require development of a recreation plan. 

The current boat launch has an unpaved parking area approximately 70ft by 35 ft sufficient for 

approximately 6 or 7 head-in parking spaces. There is also additional space for parking along the 

access from Island road to the ramp that is suitable for vehicles with trailers (approximately 2-3) 

see figure E.18.  

During the original licensing process, the USFWS recommended that the Applicant provide 

access across project lands for angling opportunities, especially as related to increased pressure 

once salmon and shad are restored. Briar Hydro does not consider its limited ownership of lands 

in the area conducive to such use. Standard Article 18 of the license requires free public access 

for public outdoor recreation, including hunting and fishing, except where such use would 

conflict with project operations or present a risk to public safety. 
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Figure E.18 Picture of Rolfe Canal Boat Launch and aerial view of the parking area.  

 

2.8.1.2 Non-Recreational Land Use and Management within the Project Boundary 

Within each project boundary, the area which includes the major Project works (including dam, 

powerhouse, intake canal, fish lift, etc.) is fenced and only used for non-recreational uses for 

safety. The remainder of the area located within the Project boundary, including the 

impoundment, is used and managed for both non-recreational and recreational uses. 

 

2.8.1.3 Recreational and Non-Recreational Land Use and Management Adjacent to the 

Project Boundary 

Other than boating access and public park facilities specifically mentioned in section 2.8.1, there 

are no other public recreation site or facilities adjacent to the project areas.  

 

2.8.1.4 Regionally or Nationally Important Recreation Areas 

There are no regionally or nationally important recreation areas located within or in the vicinity 

of the project areas.  
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2.8.1.5 Existing Shoreline Buffer Zones within the Project Boundary 

Buffers along the Contoocook River are protected by the State of NH Shoreland and Water 

Quality Protection Act (SWQPA). The SWQPA protects vegetated buffers within 50 ft of the 

reference line and provides additional protections for the shoreland (within 250 ft of the 

reference line). Vegetated buffer coverage within the project boundary is variable due to the 

existing land use in the area.  

 

2.8.1.6 Description of Project Lands in Relation to the National Wild and Scenic River 

System, Trails System, or as a Wilderness Area 

The project boundaries are not located in a designated area or under study for inclusion in the 

National Wild and Scenic River System. 

To our knowledge, no immediate project lands of the Rolfe Canal, PUF and PLF projects are 

under study for inclusion in the National Trails System or as a Wilderness Area. 

 

2.8.2 Project Impacts on Recreation and Land Use Resources 

The existing boat ramps located upstream of Rolfe Canal and downstream of Penacook Lower 

Falls give boating access to the impoundment upstream of York and Rolfe Canal dams as well as 

the Merrimack river. There is little area of river between Rolfe canal and Penacook Upper Falls 

and between Penacook Upper Falls and Penacook Lower Falls. In addition, there is no area 

appropriate for boating access within the project boundary at PUF.  

 

Briar Hydro has previously collaborated with the City of Concord and will continue to do so to 

develop public park facilities adjacent to project lands. This collaborative approach allows for 

the appropriate balance of public access and enhanced recreation opportunities with public safety 

in proximity of the projects.  

 

No impacts on recreational resources are expected as a result of the proposed operation of the 

projects. The projects operate in run of river mode with no use of impoundment storage and, as 

such, maintains a relatively constant pond level. Operations or maintenance of the projects to 

date has not caused any adverse effects on recreation and land use in the vicinity of the projects. 

 

2.8.3 Protection, Mitigation and Enhancement Measures 

2.8.3.1 Current or future Recreation Needs from Existing State or Regional Plans 

The Statewide Comprehensive Outdoor Recreation Plan (SCORP) does not identify recreation 

needs at the local level. Generally, outdoor recreation is popular and important to the economy of 

NH. The City of Concord of Town of Boscawen provide diverse and plentiful recreation 

opportunities for residents and visitors to the area. Briar Hydro is not aware of an existing or 

expected future recreation need not currently being adequately met. 

 

2.8.3.2 Agency Recommended Mitigation 
Briar Hydro has not received any agency proposed PM&E measures related to recreation and 

land use resources. 

 

2.8.3.3 Applicant Proposed Mitigation 
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The applicant is not proposing any new PM&E measures related to recreation and land use 

resources. We do propose to continue to maintain existing recreation facilities including the boat 

launch areas at PLF and Rolfe Canal.  

 

2.9 Aesthetic Resources 
2.9.1 Affected Environment 

Some components of each project are visible to passersby on local roads. PLF is visible from the 

Canal street bridge, PUF is visible from the Village Street bridge, and the Rolfe Canal power 

house is visible from Washington Street.  York dam from downstream is a pleasant view with 

some of the minimum flow going over the spillway. This view of York dam is observable from 

the public hiking trails on City owned forested land near the project. Pleasant views of the 

impoundments are also accessible from some local roads and parks.  

 

None of the roads in the area are designated state of federal scenic byways or highways and the 

Contoocook River is not currently classified considered for inclusion as a Wild and Scenic River.  

 
Figure E. 19 Photo showing a view of York Dam  

 

2.9.2 Project Impacts on Aesthetic Resources 

 

Briar Hydro proposes to operate and maintain the three projects as currently licensed. Briar 

Hydro is not planning any construction activity that would affect existing land use and aesthetics 

resources in the project areas. Therefore, the applicant expects there to be no adverse impact on 

and aesthetic resources in the next license terms that would result from maintenance and 

operation of the Rolfe Canal, PUF, and PLF projects.  
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2.9.3 Protection, Mitigation, and Enhancement Measures 

Continued operation of the projects is not expected to adversely affect aesthetic resources in 

the project vicinities. As such, no protection, mitigation and/or enhancement measures are being 

proposed by Briar Hydro for the relicensing of the three projects. 

 

2.9.3.1 Agency Recommended Protection, Mitigation, and Enhancement Measures 

Briar Hydro is not aware of any agency proposed PM&E measures related to aesthetic resources. 

 

2.9.3.2 Applicant Recommended Protection, Mitigation, and Enhancement Measures 

Briar Hydro is not proposing any PM&E measures related to aesthetic resources. 

 

 

2.10 Cultural Resources 
2.10.1 Affected Environment  

As was determined by the Project’s exemption from licensing granted in September 1981, there 

are no significant historic and/or archeological sites in the Penacook Lower Falls area.  

Consultation with the New Hampshire Department of Resources and Economic Development in 

1981 confirmed that no sites of historic and/or archeological significance  

BRHA submitted a Request for Project Review to the New Hampshire Division of Historical 

Resources (“NHDHR”) and provided a boundary map encompassing both the Penacook Upper 

and the Penacook Lower Project boundaries. On February 9, 2010 the NHDHR confirmed that 

there are no historic properties affected by the projects.  Another request was made for review by 

NHDHR of the Penacook Lower Falls due to dam repair work requiring permitting and in October 

2020 NHDHR again concluded there was no historic properties affected. 

In 2017 BRHA also submitted a Request for Project Review to the New Hampshire Division of 

Historical Resources (“NHDHR”) and provided a boundary map encompassing the Rolfe Canal 

Project boundaries.  The NHDHR determined there was no potential to cause effect but noted a 

historic mill might be downstream and the York dam might be eligible for a National Register 

listing.  NHDHR noted if modifications were proposed action would be necessary.  No 

modifications are planned for the Rolfe Canal project at this time. 

 

About one quarter of a mile downstream from the Penacook Lower Falls site is a one acre island 

at the confluence of the Contoocook and Merrimack Rivers which is the location of the Hannah 

Dustin Monument.  This statue was erected in 1874 and is the first publicly-funded statue in New 

Hampshire.  It commemorates the escape of Hannah Duston, who was captured in 1697 in 

Haverhill, Massachusetts during the French and Indian War. The site is potentially eligible for the 

National Register of Historic Places.  A short walk from the parking area brings visitors to a picnic 

spot on the shore of the river.  Project operations do not cause any adverse impacts upon this 

historic site. 
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Consultation with NH DHR staff revealed that there are two known pre-contact native American 

archeological sites near the vicinity of the projects. One is located in the wooded area downstream 

of York dam and likely outside of the project boundary. The other is located between Penacook 

Upper Falls and Penacook Lower Falls near the upstream end of the PLF project boundary on land 

to the south of the river. We are uncertain of the exact location of the site but it was identified 

during the development of a residential development located on shoreline drive so it is in the 

vicinity of those structures. If the area of potential effect is the same as the project boundaries, we 

do not think there are any known archaeological sites within the project boundaries.  

 

In addition, there are 4 buildings in Boscawen and 1 building in Penacook that are listed on the 

National Register of Historic Places. Those are the Boscawen Academy, Boscawen Public Library, 

First Congregational Church of Boscawen, and Morill-Lassonde House in Boscawen as well as 

Rolfe Barn in Penacook. None of these structures are located particularly near the river or any of 

the three projects. The closest being Rolfe Barn located 0.35 miles from Penacook Lower Falls. 

The closest Boscawen historical structure to one of the projects is Boscawen Academy located 

0.45 miles from Penacook Upper Falls.  

During the development of the study plan and during review of the proposed study plan, there were 

no studies requested related to cultural, historical, archeological, or architectural resources. 

Therefore, there have been no discovery measures undertaken at any of the three project’s sites for 

the purposes of locating, identifying, and assessing the significance of historical or archeological 

resources.  

2.10.2 Project Impacts on Cultural Resources 

To the best of our knowledge there are no known Indian tribes that may attach religious or cultural 

significance to historic properties in the boundary or vicinity of the three projects.   

NHDHR responses to review of the project areas have revealed that either there are no historic 

properties affected or that there are no concerns of impact on historic properties under current 

conditions and that only if modifications are proposed at Rolfe canal project would further 

survey or review be necessary. Therefore, we conclude that there is no current or likely future 

project impact on Cultural resources under new licenses.  

 

2.10.3 Protection, Mitigation, and Enhancement Measures 

2.10.3.1 Agency Recommended PM&E Measures 

Briar Hydro is not aware of any agency recommended PM&E measures related to cultural 

resources.  

 

2.10.3.2 Applicant proposed PM&E Measures 

The applicant is not proposing any PM&E measures related to cultural resources as no impact is 

expected.  
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2.11 Socio-economic Resources 
The projects are located in Merrimack County, NH.  Located in the south central portion of the 

state, equidistant from both the Maine and Vermont borders. Merrimack County includes the 

City of Concord, the state capitol, which is tucked into a bend in the Merrimack River. The 

county takes its name from the Merrimack River, whose name was adapted from an Abnaki 

Indian word meaning "deep." The county was formed in 1823 from towns in Hillsborough and 

Rockingham counties.  

Merrimack County contains 934.1 square miles of land area and 22.3 square miles of inland 

water area. Based on the 2010 Census population, the population density is 156.8 persons per 

square mile. Merrimack County includes two cities, Concord and Franklin, and 25 towns. The 

county seat is Concord. 

 

The population of Merrimack County according to the 2020 US Census is 153,808. Merrimack 

County has long been the third largest county in population, and is about equal in square miles of 

land to Carroll County. It is, however, the fourth most densely populated county, with less than 

half the population density of Strafford County, the third highest. Population in Merrimack 

County increased at about the same rate for three consecutive decades from 1960 to 1990, with 

population growth rates of 19.4 percent, 21.5 percent, and 22.3 percent. Since then the rate of 

growth has slowed, increasing by 13.3 percent between 1990 and 2000, 7.5 percent between 

2000 and 2010 and 3.4 percent between 2010 and 2019. 

 

The population of Merrimack County is predominantly white with a median annual household 

income of $77,937 and 9.8% in poverty.  The largest employers in Merrimack County are the 

State of NH, Capital Region Health Care, and Merrimack County Nursing Home and Jail. The 

top 10 largest employers in the county are shown in the table below (source NH Employment 

Security).  

 
 

 

Environmental Justice 

To assist staff in complying with Executive Order 14008 Tackling the Climate Crisis at Home 

and Abroad and Executive Order 12898 Federal Actions to Address Environmental Justice in 

Minority Populations and Low Income Populations, we are providing the following new 

information as requested by Commission Staff.  

 

According to the data presented in the table below, there were no environmental justice 

communities based on the presence of low-income populations identified in the census block 

groups that are within 1 mile of the project boundaries. Each census block group percent 
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population below the poverty level (4.3 to 7.8 %) were lower than the reference population of 

Merrimack County (9.8%). The total percent minority population for tract 443 group 3 which is 

within a mile of the Rolfe Canal project boundary is 15.4% and is more than 10% greater than 

the reference population of Merrimack county is 12.5% which would make this population an 

environmental justice community according to the “meaningfully greater analysis method”.  

 

The other census group blocks considered had significantly lower minority populations than the 

reference population and therefore do not qualify as environmental justice communities. The 

minority population in tract 443 group 3 were African American (8%), Asian (2%), and Hispanic 

or Latino (5%).  

 

We are not proposing any new project-related construction, therefore project-related construction 

would not risk affecting the identified environmental justice community. There are no 

anticipated project related impacts on any environmental justice communities.  

 

We have not done outreach explicitly to environmental justice communities. All neighboring 

communities and abutters have been notified of this application as required. No comments have 

been received from environmental justice communities or organizations that represent them. We 

are not aware of significant non-english speaking groups within the geographic scope of the 

analysis therefore our communications regarding this application have been provided in English.  
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Race and ethnicity data Low-

income 
data 

Project 

Geography Total 
Population 

White 
alone not 
Hispanic 

African 
American 

Native 
American/ 
Alaska 
Native 

Asian Native 
Hawaiian 
& other 
pacific 
islander 

Other 
race 

Two or 
more 
races 

Hispanic 
or 
Latino 

Total 
minority 
% 

Below 
Poverty 
level % 

 

NH State 1,377,529 1,200,649 20,127 3,031 35,871 453 24,102 77,742 59,454 16.0 7.2 
 

Merrimack 
County 

153,808 137,252 2,650 362 3,026 64 1,336 7,916 3,880 12.5 9.8 
 

Tract 
327.06 
group 1 

1,308 1,279 0 0 29 0 0 0 0 2.2 4.3 Lower 
and 
Upper 

Tract 380 
group 3 

1,414 1,414 0 0 0 0 0 0 0 0.0 7.8 Lower 
and 
Upper 

Tract 
327.01 
group 1 

1,392 1,310 8 0 33 0 0 22 19 5.9 5.7 Rolfe 

Tract 443 
group 3 

2,087 1,765 163 0 44 0 0 15 100 15.4 4.4 Rolfe 
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2.11.1 Project effect on socio-economic resources 

The three projects have a positive effect on local socio-economic resources by creating 

employment, economic activity in the form of revenue for local vendors, and tax revenue for the 

municipalities where the projects are located and the state of NH. These positive effects would 

be expected to be similar under the term of new licenses.  

 

2.11.2 Protection, Mitigation, and Enhancement Measures 

2.11.2.1 Agency Recommended PM&E Measures 

Briar Hydro is not aware of any agency recommended PM&E measures associated with Socio-

economic resources.  

 

2.11.2.2 Applicant proposed PM&E Measures   

The Applicant is not proposing any PM&E measures associated with socio-economic resources.  

 

2.12 Compliance with FERC Recognized Comprehensive Plans 
Section 10(a)(2)(A) of the Federal Power Act (FPA), 16 United States Code (USC) § 

803(a)(2)(A), requires FERC (the Commission) to consider the extent to which a project is 

consistent with federal or state comprehensive plans for improving, developing, or conserving a 

waterway affected by the project. FERC Order No. 481-A, issued on April 27, 1988, established 

that the Commission will accord FPA Section 10(a)(2)(A) comprehensive plan status to any 

federal or state plan that:  

 

• is a comprehensive study of one or more of the beneficial uses of a waterway or 

waterways; 

• specifies the standards, the data, and the methodology used; and 

• is filed with the Secretary of the Commission. 

 

Based on the Commission’s August 2022 revised list of comprehensive plans for the New 

Hampshire, 21 of the 43 listed comprehensive plans pertain to the Merrimack River watershed. 

In general, the plans have identified water quality and habitat loss as the primary factors 

affecting aquatic resources, as well as management objectives for New Hampshire wetlands, 

rivers, and outdoor recreation. The Project’s continued run-of-river operation and the associated 

environmental protection, mitigation, or enhancement measures (i.e., maintaining existing 

minimum flows) contained in the Applicant’s proposal will ensure continued consistency with 

the uses outlined in the plans listed below. 

 

• Atlantic States Marine Fisheries Commission. 1999. Amendment 1 to the Interstate 

Fishery Management Plan for shad and river herring (Report No. 35). April 1999.  

• Atlantic States Marine Fisheries Commission. 2000. Interstate Fishery Management Plan 

for American eel (Anguilla rostrata) (Report No. 36). April 2000. 

• Atlantic States Marine Fisheries Commission. 2000. Technical Addendum 1 to 

Amendment 1 of the Interstate Fishery Management Plan for shad and river herring. 

February 9, 2000. 
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• Atlantic States Marine Fisheries Commission. 2008. Amendment 2 to the Interstate 

Fishery Management Plan for American eel. Arlington, Virginia. October 2008.  

• Atlantic States Marine Fisheries Commission. 2009. Amendment 2 to the Interstate 

Fishery Management Plan for shad and river herring, Arlington, Virginia. May 2009. 

• Atlantic States Marine Fisheries Commission. 2010. Amendment 3 to the Interstate 

Fishery Management Plan for shad and river herring, Arlington, Virginia. February 2010. 

• Atlantic States Marine Fisheries Commission. 2013. Amendment 3 to the Interstate 

Fishery Management Plan for American eel. Arlington, Virginia. August 2013. 

• Atlantic States Marine Fisheries Commission. 2014. Amendment 4 to the Interstate 

Fishery Management Plan for American eel. Arlington, Virginia. October 2014. 

 

The above eight plans are focused on American eels. See section 2.4 for a summary of study 

reports on upstream and downstream eel passage at the three projects and current upstream 

eel passage facility at PUF, and proposed PM&E measures related to American eel passage.  

 

• Merrimack River Policy and Technical Committees. 1990. Strategic plan for the 

restoration of Atlantic salmon to the Merrimack River, 1990 through 2004. Concord, 

New Hampshire. April 1990. 

 

Atlantic salmon restoration efforts in the Merrimack river watershed were suspended 

therefore Briar Hydro is not proposing any PM&E measures associated with Atlantic Salmon 

restoration.  

 

• National Park Service. The Nationwide Rivers Inventory. Department of the Interior, 

Washington, D.C. 1993. 

 

The National Rivers Inventory lists the segment of the Contoocook River from Contoocook 

to Penacook as having the following resources: “Fish-(River is an historic Atlantic Salmon 

fishery.) Historic-(Segment includes two covered bridges which are being nominated to the 

National Register of Historic Places.) Recreation-(Significant diversity of flow gradients 

ranging from slackwater to rapids of Class IV gradients.)”.  

 

As mentioned above the Atlantic Salmon restoration efforts in Merrimack River watershed 

including tributaries like the Contoocook River has been suspended. The covered bridges 

mentioned are far upstream of the projects and would not be affected by the projects. The 

project impoundments contribute to the diversity of flow gradients mentioned by creating 

slackwater reaches.  

 

• New Hampshire Office of State Planning. 1977. Wild, scenic, & recreational rivers for 

New Hampshire. Concord, New Hampshire. June 1977.  

 

See section 2.7 for detailed description of current recreation and public access offered by the 

projects.  

 



 

60 

 

• New Hampshire Office of State Planning. 1989. New Hampshire wetlands priority 

conservation plan. Concord, New Hampshire.  

 

This plan does not include specific listing or concern of the Contoocook River in the vicinity 

of the projects beyond mentioning that the Contoocook River is a designated river under the 

NH Rivers Management and Protection Act.  

 

• New Hampshire Office of Energy and Planning. New Hampshire Statewide 

Comprehensive Outdoor Recreation Plan (SCORP): 2008-2013. Concord, New 

Hampshire. December 2007. 

• New Hampshire Office of State Planning. 1991. Public access plan for New Hampshire's 

lakes, ponds, and rivers. Concord, New Hampshire. November 1991. 

 

See section 2.7 for detailed description of current recreation and public access offered by the 

projects.  

 

• New Hampshire Office of State Planning. 1991. Upper Merrimack River corridor plan- 

volume 2: management plan. Concord, New Hampshire. March 1991.  

 

This plan and the most updated version (2007) are focused on a section of the mainstem 

Merrimack River and do not contain specific goals or objectives related to tributaries 

including the Contoocook River.  

 

• Policy Committee for Anadromous Fishery Management of the Merrimack River Basin. 

1985. A strategic plan for the restoration of Atlantic salmon to the Merrimack River 

Basin, 1985 through 1999. Laconia, New Hampshire. May 1985.  

 

Atlantic salmon restoration efforts in the Merrimack river watershed were suspended 

therefore Briar Hydro is not proposing any PM&E measures associated with Atlantic Salmon 

restoration.  

 

 

• State of New Hampshire. 1991. New Hampshire rivers management and protection 

program [as compiled from NH RSA Ch. 483, HB 1432-FN (1990) and HB 674-FN 

(1991)]. Concord, New Hampshire.  State of New Hampshire. 1991. New Hampshire 

rivers management and protection program: (1) 1994 Contoocook and North Branch 

Rivers, river corridor management plan; (2) 1994 Swift River corridor management plan; 

(3) 1999 Piscataquog River management plan; (4) 2006 Ashuelot River management 

plan; (5) 2007 Lamprey River management plan; (6) 2008 Lower Merrimack River 

corridor management plan; (7) 2009 Cold River watershed management plan; (8) 1994 

Saco River corridor management plan; (9) 1999 Exeter River corridor and watershed 

management plan; (10) 2001 Pemigewasset River corridor management 73 plan; (11) 

2006 Souhegan River watershed management plan; (12) 2007 Upper Merrimack River 

management and implementation plan; and (13) 2008 Isinglass River management plan. 

Concord, New Hampshire.  
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The Contoocook and North Branch Rivers corridor management plan was most recently 

updated in 2011. The plan lists several goals and objectives that the Rolfe Canal, PUF, and 

PLF projects help achieve. For example, the public access and recreation opportunities 

created at the projects help achieve goal Goal #5 “Maintain and encourage safe and 

responsible public access and use of the rivers’ resources.” The proposed continuation of 

operation in run of river mode and bypass flows at Rolfe Canal help to protect water quality, 

quantity, and stable flow patterns. The plan does not mention specific goals or objectives 

related to dams or hydropower generation.  

 

• Technical Committee for Fishery Management of the Merrimack River Basin. 2021. 

Merrimack River Watershed Comprehensive Plan for Diadromous Fishes. 

See section 2.4 for summary of fish passage study reports and proposed PM&E measures 

related to fish and fishery resources.  

 

• U.S. Fish and Wildlife Service. 1989. Atlantic salmon restoration in New England: Final 

environmental impact statement 1989-2021. Department of the Interior, Newton Corner, 

Massachusetts. May 1989. 

 

Atlantic salmon restoration efforts in the Merrimack river watershed were suspended 

therefore Briar Hydro is not proposing any PM&E measures associated with Atlantic Salmon 

restoration.  

 

• U.S. Fish and Wildlife Service. 2010. A Plan for the Restoration of American Shad: 

Merrimack River Watershed. Concord, New Hampshire. 2010.  

• U.S. Fish and Wildlife Service. n.d. Fisheries USA: the recreational fisheries policy of 

the U.S. Fish and Wildlife Service. Washington, D.C. 

 

See section 2.4 for summary of fish passage study reports and proposed PM&E measures 

related to fish and fishery resources.  

  



 

62 
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1 Introduction and Background 

The goal of this Briar Hydro Associates (Briar Hydro or Licensee) is in the process of relicensing the Rolfe 

Canal (FERC No. 3240), Penacook Upper Falls (PUF; FERC No. 6689), and Penacook Lower Falls (PLF; FERC 

No. 3342) Hydroelectric Projects (Project; collectively, Projects) with the Federal Energy Regulatory 

Commission (FERC or Commission). The Projects are located on the Contoocook River in Boscawen and 

Concord, New Hampshire. PLF sits at river mile 0 of the Contoocook River, above the confluence with the 

Merrimack River. The Upper Penacook and Rolfe Canal Projects are located upstream at river miles 1.0 

and 2.0, respectively.  

The current Project licenses were issued by the Federal Energy Regulatory Commission (FERC or 

Commission) in accordance with the Commission’s delegated authority under the Federal Power Act on 

November 17, 1982 (PLF) and December 5, 1984 (Rolfe Canal and PUF). By FERC order the original April 

17, 2018 license expiration for PLF was extended from October 31, 2022 to November 30, 2024 and 

matching the expiration for the Rolfe Canal and PUF Projects. Briar Hydro is pursuing a new license for the 

three Projects through the Commission’s Traditional Licensing Process (TLP). 

In response to requests provided by the resource agencies as part of the TLP process, Briar Hydro prepared 

a Preliminary Study Plan (PSP). The intent of the PSP was that the goals, methodology, scope, and schedule 

would be refined in consultation with interested stakeholders, as necessary. Briar Hydro distributed a 

copy of the PSP to representatives from the representatives from the U.S. Fish and Wildlife Service 

(USFWS), National Marine Fisheries Service (NMFS), New Hampshire Fish and Game Department (NHFGD) 

and the New Hampshire Department of Environmental Services (NHDES) on December 14, 2020. 

Following receipt and consultation related to comments on the PSP, Briar Hydro prepared a Revised Study 

Plan (RSP) which was finalized in March 2021 and filed with FERC on July 6, 2021.  

NHDES is the agency responsible for establishing and administering surface water quality standards for 

New Hampshire and is the agency responsible for issuing 401 Water Quality Certification (WQC). The 

Projects will be required to obtain a 401 WQC as a condition of the FERC license and will therefore need 

to demonstrate that Project operations will comply with state water quality standards. A Sampling and 

Analysis Plan (SAP) was developed in response to the NHDES PAD and PSP comments and study requests 

and was developed consistent with the Revised Study Plan (RSP) dated March 23, 2021. The SAP was 

developed in coordination was NHDES and was determined acceptable by NHDES as communicated in an 
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email dated July 16, 2021. The water quality study presented in this report was completed in accordance 

with the SAP to the extent practicable.  

2 Goals and Objectives 

The goal of this study was to determine the spatial and temporal effects of operation of each of the three 

Projects on water quality and to compare results to state surface water quality standards. Specific 

objectives for this study (at each Project) were: 

• Collect water temperature, dissolved oxygen (DO), pH, nutrients, chlorophyll-a and Secchi disk 

data under various conditions of river flow, temperature and Project operating conditions; 

• Determine the spatial and temporal effects of Project operations on water quality; and  

• Determine compliance with New Hampshire surface water quality standards (Env-Wq 1700 and 

RSA 485-A:8). 

3 Study Area 

The study area encompassed the Project impoundments, dam/powerhouse structures, bypasses, 

tailwater areas, and riverine reaches below the confluence of Project tailwaters and bypasses. Further 

information on each project is provided below.  

4 Rolfe Canal 

The Rolfe Canal Project operates in a run-of-river mode and diverts water from an impoundment in the 

Contoocook River created by the York Dam into the Rolfe Canal which conveys water to the penstock 

intake structure. The drainage area at the Rolfe Canal diversion is approximately 760 square miles. A 

reservoir created by the York Dam has negligible storage and a surface area of 50 acres with a normal 

water surface elevation of 346.0 feet (NGVD). York Dam is a 300-foot-long, 10-foot-high diversion dam 

above an approximately 4,000 foot bypass reach. Currently, Briar Hydro releases 100 cfs to the bypass 

reach below York Dam (or inflow if less) when not in spill conditions. Flow into the canal is controlled by 

an intake structure located at the Island Road Bridge. At the lower end of the canal, the Project headworks 

and intake are located at the Penstock Intake dam where generation flows are conveyed to the 

powerhouse by an underground penstock. The power canal is approximately 3,000 feet long, 75 feet wide, 

and 9-feet deep leading to a 130 foot long, 17 foot high granite block generation dam. The generation 

dam connects to a roughly 950-foot-long buried penstock. The entrance to the penstock is protected with 
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trash racks that have 3 1/2 inch clear spacing. The historic canal channel extends another 2,000 feet 

beyond the generation dam and returns to the tailrace area. Briar Hydro currently maintains 5 cfs of flow 

to the historic canal channel. A 1,200 foot tailrace flows back from the powerhouse to the mainstem of 

the Contoocook River. The Rolfe Canal Project powerhouse houses a single horizontal shaft tube turbine 

with a capacity of 4,283 kW at 2,000 cfs and 22 feet of head.  

5 Penacook Upper Falls 

PUF is located one mile below the Rolfe Canal, operates in a run-of-river mode and consists of a dam on 

the mainstem of the Contoocook River, an approximately 250 foot bypass reach, a forebay, powerhouse, 

and tailrace that rejoins the mainstem. The drainage area at the PUF Dam is approximately 764 square 

miles. The reservoir has negligible storage capacity, a surface area of 11.4 acres and normal water surface 

elevation of 306 feet (NGVD). The dam structure consists of a timber stoplog dam with a concrete spillway 

21 feet high and 187 feet long with 15 gates in the spillway. 6 gates are operable steel gates, 9.5 feet wide 

and 15.5 feet high, 7 gates are fixed timber stoplog gates, and two gates are operable (ice) gates, 12 feet 

wide and 3.5 feet high. A 15-foot long forebay with a 58-foot average width begins at the powerhouse 

intake and extends upstream in the Contoocook River. From the southwest corner of the powerhouse, a 

concrete, gated spillway extends 187 feet across the Contoocook River. The concrete powerhouse is 81 

feet in length and 44 feet in width and located on the east river bank. The entrance to the turbine is 

protected with trash racks that have 3 1/2 inch clear spacing. The powerhouse houses one horizontal shaft 

tube turbine with a capacity of 3,020 kW at 2,000 cfs and 22 feet of head. The river banks upstream and 

downstream of the power house are contained by concrete retaining walls to bedrock. A tailrace with an 

average width of 47 feet begins at the draft tube exit of the powerhouse and extends downstream for 

approximately 350 feet where it rejoins the mainstem of the Contoocook River. 

6 Penacook Lower Falls 

PLF is located one mile below PUF and consists of a dam on the mainstem of the Contoocook River, a 

forebay leading to a powerhouse, an approximately 680 foot bypass reach, and tailrace that rejoins the 

mainstem of the river. The drainage area at the PLF dam is approximately 764 square miles. A reservoir is 

created above the Project dam with an 8.4-acre surface area, a useable storage capacity of 54 acre-feet, 

and a normal maximum water surface elevation of 272.0 feet (NGVD). The dam structure has a concrete 

diversion spillway with three 9.5 foot by 10.0 foot high timber gates and seven timber stop log gates, as 
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well as a concrete gravity auxiliary spillway, 316 feet long, and a main concrete spillway, gated, and 106 

feet long. The dam has no flashboards. A 50-foot wide forebay excavated from rock beginning at the 

powerhouse intake at an elevation of 236.52 feet (NGVD) extends upstream for a distance of 70 feet and 

terminates at an elevation of 261.00 feet (NGVD). Sideslope rock cuts of 1:6 slope with rockbolts comprise 

the sidewalls of the forebay. A concrete powerhouse containing a single, horizontal tube-type, 3 meter 

turbine encased in concrete is constructed to bedrock on the same alignment as the centerline of the river 

profile. The entrance to the turbine is protected with trash racks that have 3 5/8 inch clear spacing. The 

generating unit has an installed capacity of 4,600 kW at 2,000 cfs and 28 feet of head. The overall length 

of the powerhouse is 97.5 feet and the width perpendicular to the profile is 35 feet. A 55-foot wide rock 

filled access area connects the north face of the powerhouse to the north river bank. Upstream and 

downstream sides of the access area are contained by concrete retaining walls to bedrock. A 45-foot wide 

tailrace was excavated from rock beginning at the draft tube exit of the powerhouse at EL 224.90 feet 

(NGVD). The tailrace extends downstream for 700 feet and terminates at an elevation of 241.11 feet 

(NGVD). Sideslope rock cuts of 1:6 slope comprise the side walls of the tailrace. 

7 Methodology 

A water quality SAP was developed in response to the NHDES comments to the PAD and study requests 

from September 28, 2020, later addressed in the PSP submitted on December 16, 2020 and modified in a 

RSP. In the February 11, 2021 comments to the PSP, NHDES referenced the NHDES document “Sampling 

Guidance #1 for Hydropower Studies (Dissolved Oxygen, Temperature, pH, Nutrients, Chlorophyll-a, 

Secchi Disk and Flow)” last revised 02/05/2021 for guidance in developing a water quality study in support 

of NH 401 water quality certification for the Projects. The SAP (Normandeau, 2021) was developed in 

accordance with NHDES requests and conforms to the NHDES hydropower studies guidance document 

and was accepted by NHDES as communicated in an email dated July 16, 2021. The water quality study 

presented in this report was completed in accordance with the SAP to the maximum extent practicable 

with generally minor deviations from the SAP. Any variances of consequence are discussed in Section 7. 

The water quality study consisted of continuous monitoring of temperature, dissolved oxygen, and pH 

using deployed water quality data loggers at fourteen locations in the Project area, including an upstream 

reach, Project impoundments, bypass reaches, tailrace areas, and in the Rolfe Canal and historic Rolfe 

Canal Channel. Continuous data was supplemented with recurring water quality profiles and Secchi Disk 

depth measurements in the deep spot of each impoundment and at the Rolfe Canal Project intake to 

determine changes in water quality with depth and assist with trophic state determination. In addition, 
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water quality samples were collected for laboratory analysis of nutrients and chlorophyll-a in each of the 

Project impoundments and the Rolfe Canal Project intake. The field study was completed between July 

28, 2021 and September 23, 2021, a period of nine weeks, and included periods of high water temperature 

and low river flows, as well as during flows supportive of a range of generating conditions including high 

flows with spill conditions. Water surface elevations in the impoundments are monitored as part of Project 

operations and inflows to the Projects were estimated using the nearest available USGS gage data. Inflow 

was determined by scaling the available USGS gage data using watershed areas and outflows were 

determined from the inflow and generation data. The data have been summarized in a spreadsheet and 

are included as Appendix A. 

8 Continuous Water Quality Data Sonde Measurements 

The water quality study included near-continuous water quality monitoring with deployed instruments 

(Onset Hobo U26-001 DO & temperature logger, Onset Hobo MX2501 pH and temperature logger, and 

Onset Hobo U20-001 water level logger (used for barometric pressure reference, see SAP for 

specifications) at fourteen locations in the vicinity of the Projects as presented in Table 4-1 and Figures 4-

1 and 4-2. The monitoring locations included the deep spot of each impoundment and at the Rolfe Canal 

intake structure, a riverine section upstream of the York Dam/Rolfe Canal impoundment which is not 

influenced by Project operations, in the tailraces of the Rolfe Canal and PUF, in the bypass reaches of each 

of the three Projects (including two stations in the York Dam/Rolfe Canal bypass reach), in two locations 

in the historic canal channel that bypasses the penstock and powerhouse at the Rolfe Canal Project, and 

downstream of the confluence of the tailrace and bypass reach below the PLF.  

The Rolfe Canal bypass stations were selected to represent two locations in the bypass reach including a 

pool/run location in the upper third of the bypass reach and at a run location above the confluence with 

the Rolfe Canal Project tailrace. The Rolfe Canal historic canal channel monitoring stations were selected 

to represent two locations along the approximately 2,000 foot long channel. The upper monitoring 

location (RC-HCC1) is a pool area below the flow diversion structures and the lower monitoring location 

(RC-HCC2) is in a low gradient section near the end of the reach.  

Instruments were generally deployed with an anchor and buoy system and located in a mid-depth location 

in the water column, with the exception of the monitoring locations in the three Project impoundments 

and the Rolfe Canal where the instrument depths were determined according to the presence or absence 

of vertical stratification. Under unstratified conditions, the instruments were located no shallower than 
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one meter above the 25% depth and under stratified conditions, the instruments were located no 

shallower than one meter above the bottom of the epilimnion. Deployed instruments collected water 

quality data at 15 minute interval and were retrieved weekly to download data and to maintain, clean, 

and calibrate the instruments. A handheld water quality instrument (YSI ProDSS, also used for vertical 

profiles) was used for independent calibration checks of the continuously deployed instrumentation. 

Calibration of the deployed sondes occurred weekly using commercially produced calibration standards 

for pH and 100% water saturated air for dissolved oxygen. The barometer used for determining oxygen 

saturation values at calibration and for calculating oxygen saturation values in the data record (i.e. from 

oxygen concentration values) was a water level pressure logger dry-mounted at the site. Calibration of 

the handheld QC meter was conducted prior to use. 

9 Vertical Profiles (Dissolved Oxygen and Temperature) 

Water quality measurements taken as a vertical profile through the water column were completed during 

the weekly site visits in the Project impoundment monitoring stations (RC-IMP, PUF-IMP, and PLF-IMP) 

and Rolfe Canal penstock intake monitoring station (RC-INT). In order to determine the location of the 

Project impoundment stations, the deep spot was located at each impoundment and the Rolfe Canal 

Project intake. A bathymetric survey was completed using a fish finder to locate the deep spot at each 

station. Depth readings were taken at regular intervals along a zigzag or grid pattern from the buoy line 

above each dam upstream sufficiently far to determine the deepest areas. The depths at each station 

were confirmed with a weighted tape measure and the station position was marked with a GPS.  

A YSI ProDSS multi-parameter water quality sonde was used to measure dissolved oxygen and water 

temperature as a vertical profile at 0.1 meter below the surface, 0.5 meters below the surface, then every 

0.5 meters down to 0.5 meters above the bottom. Prior to and following weekly profile collections, the 

YSI ProDSS used for profile sampling was calibrated following manufacturer guidelines and using the water 

saturated air method for DO calibration (temperature measurements used the default factory calibration). 

Upon completion of the task, the field data sheets were processed manually and the data was 

electronically stored in a project database. 

10 Laboratory Analysis (Nutrients and Chlorophyll-a) 

Water samples were collected at the Project impoundment monitoring stations (RC-IMP, PUF-IMP, & PLF-

IMP) as well as the Rolfe Canal intake station (RC-INT) and analyzed for chlorophyll-a, total phosphorus 
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(TP), nitrate + nitrite nitrogen, and total Kjeldahl nitrogen (TKN). Samples were collected one to two times 

per week (with a minimum two day separation between samples) for a six week period from 8/5/21 

through 9/14/21. Samples were collected from the Rolfe Canal station (RC-INT) once per week for a total 

of six samples. A single field replicate sample was also collected at each of the four stations on 8/30/21 

and analyzed for each of the above parameters. When thermal stratification was not present, all samples 

were collected from the near-surface (25% of total depth), with the exception of chlorophyll-a which was 

collected as a water column composite sample for the upper 2/3 of the water column. When thermal 

stratification was present, nitrogen and phosphorous samples were collected from the middle of the 

epilimnion with an additional phosphorous sample was collected from the middle of the hypolimnion. 

Under stratified conditions, chlorophyll-a was collected as a water column composite sample from the 

water surface to the middle of the thermocline. Discrete depth samples were collected with a Kemmerer 

sampler. Integrated core samples were collected by lowering a weighted tube through the water column, 

crimping the tube at the water surface, then extracting the water column sample and transferring to a 

mixing container before distributing to sample bottles. All sampling equipment were cleaned with potable 

water, and pre-rinsed with sample water prior to use. All samples were preserved, stored, handled, and 

delivered to the participating analytical lab according to lab specifications. 

11 Secchi Disk Depth 

Secchi disk depth was measured at the Project impoundments monitoring stations (RC-IMP, PUF-IMP, & 

PLF-IMP) and Rolfe Canal intake station (RC-INT) concurrent with chlorophyll-a sampling and vertical 

profiles. An underwater viewer was used to view the Secchi disk. The Secchi disk depth was taken as the 

average of the visible depth while lowering and raising the disk.  

12 Flow and Operations Data 

Operations data for the Project, including impoundment water surface elevation at each of the three 

Project dams and Rolfe Canal, flows diverted to the Rolfe Canal historic channel, outflow from the 

turbines, and power generation at each generating unit are presented. Flow through the turbines was 

determined from power output and established power-flow regressions at each Project. Impoundment 

water surface elevations were measured continuously with pressure sensors deployed in the Project 

impoundments and Rolfe Canal. Water levels are logged at fifteen minute intervals using Druck model 

1835 pressure sensors (at RC and PLF) and Rosemount model 1151 pressure transmitters (at PUF). 



Briar Hydro Associates Water Quality Study

 

 
Normandeau Associates, Inc. 2022 84 

Flow records were developed for the study period and will include inflow to each impoundment, outflow 

through the turbines and into each Project tailrace, and estimated flows to the bypass reaches and 

through the Rolfe Canal historic channel. Turbine outflow was assumed to equal outflow to the tailrace at 

each Project and was determined from power output of individual turbine units and established power-

flow regressions. The power-flow equations developed for each turbine unit are empirical equations 

developed by the turbine manufacturer. During commissioning of the turbines index testing was 

completed to verify turbine performance. The Winter-Kennedy method (1933) was used to estimate flows 

through the turbines based on pressure differences in tap pairs located in radial sections of the spiral 

casings. Turbine flows estimated from index testing were consistent with the power-flow equations 

determined by the turbine manufacturers and the regressions are believed to be accurate. Power-flow 

regressions were developed for the Projects as follows: 

Penacook Lower Falls:   

If power output < 2131 KW, then flow (cfs) = power (KW) * 0.3285 + 250 

 If power output 2131-3118 KW, then flow (cfs) = power (KW) * 0.3382 + 228.43 

 If power output > 3118 KW, then flow (cfs) = power (KW) * 0.378 + 104.24 

Penacook Upper Falls:   

If power output < 675 KW, then flow (cfs) = power (KW) * 0.4237 + 85 

 If power output 675-1442 KW, then flow (cfs) = power (KW) * 0.5474 + 1.442 

If power output 1443-2183 KW, then flow (cfs) = power (KW) * 0.476 + 103.89 

 If power output > 2183 KW, then flow (cfs) = power (KW) * 0.4738 + 108.54 

Rolfe Canal:   

If power output < 1000 KW, then flow (cfs) = power (KW) * 0.365 + 77 

 If power output 1000-3561 KW, then flow (cfs) = power (KW) * 0.3676 + 74.31 

If power output 3562-4406 KW, then flow (cfs) = power (KW) * 0.4561 - 240.84 
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 If power output > 4406 KW, then flow (cfs) = power (KW) * 0.3662 + 155.13 

As an example, if PLF is running at 2,500 KW, then flows to the PLF tailrace are:  

Turbine Flow at PLF = 2,500 KW * 0.3382 + 228.43 = 1,074 cfs 

Inflow was developed for each Project impoundment by area-adjusting the 15 minute data obtained from 

the nearest USGS gages in the watershed. Two gages upstream of the Projects were used for developing 

inflow - USGS 01085500 Contoocook River below Hopkinton Dam at West Hopkinton, NH and USGS 

01086000 Warner River at Davisville, NH. Flow data were accessed from the USGS Waterwatch website 

(https://waterwatch.usgs.gov) and complied in a spreadsheet. Flows from the two gages were summed 

for each 15 minute timestamp during the study period to produce a total gaged flow record in the 

watersheds upstream of the Projects. The total gaged flow was then multiplied by a drainage area 

conversion factor to produce estimated inflow at each Project. The drainage area conversion factor is the 

Project drainage area (760 square miles at RC, 764 square miles at PUF, and 764 square miles at PLF) 

divided by the total gaged drainage area (573 square miles). While the USGS gages are located 10-18 miles 

upstream of the Projects, the time of travel (lag time) from the USGS gages to the Project was not explicitly 

accounted for in determining inflow to the Projects. This decision was justified because lag time is not 

easily or reliably calculated for the Project without continuous flow monitoring or hydraulic modeling, 

which are beyond the scope of this study. Flows to bypass channels were assumed to be equal to inflow 

less outflow through the turbines at each Project (less diversion flow to the historic Rolfe Canal channel 

at the Rolfe Canal Project). It was also assumed that minimum flows were always maintained whenever a 

Project was generating. If a Project was not generating, then outflow to the bypass was assumed to equal 

inflow (less diversion to the historic Rolfe Canal). It was not possible to develop hydraulic estimates of 

flow to the bypass channels due to the number and unknown dimensions of each of the outflow control 

structures and leakage through the flashboards.  

Diversion flows to the historic Rolfe Canal were determined from standard hydraulic calculations using 

the impoundment water surface elevation. The diversion gate is kept fully open and a 7.15 inch diameter 

flow orifice installed next to the valve is used to regulate flows through the diversion pipe. Therefore, 

flows to the historic Rolfe Canal are a function of head from the Rolfe Canal water surface at the Project 

intake to the centerline of the diversion pipe. Diversion flows are targeted for 5 cfs at a normal water 

surface elevation of 342.46 feet (NGVD) and may vary slightly as the water surface changes. Flow through 

the diversion orifice is calculated using the orifice flow equation:  

https://waterwatch.usgs.gov/
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Flow = CA √(2gh) 

Where C is the coefficient of discharge, A is the area of the orifice, g is acceleration due to gravity, and h 

is head at the horizontal line of the orifice. 

The diversion pipe has a 7.15 inch diameter orifice (0.279 ft2 area) and horizontal line elevation of 331.67 

ft (NGVD). The coefficient of discharge is 0.61 based on standard values for a thin sharp edged orifice 

plate.  

As an example, if the Rolfe Canal surface elevation is 342.46 feet (the normal water surface elevation), 

then the flow to the Historic Rolfe Canal channel is calculated as: 

Flow to RC-HCC = 0.61 * 0.279 ft2 * [2 * 32.2 ft/s2 * (342.46 ft – 331.67 ft)]0.5 = 4.49 cfs 

Please note: previous calculations determined a 5 cfs discharge at the normal pond elevation of 342.46 

feet; however, a calculation error was just recently discovered upon review. Once current high flows 

recede and it is safe to do so, the project owners will verify the actual present conditions including orifice 

diameter and head to verify minimum flow discharge to the historic Rolfe Canal channel. 

As a method to validate the estimates of inflow based on the USGS gage data, three transects were 

established for the periodic collection of flow measurements during the water quality study. Transects 

were established in the historic Rolfe Canal channel, in the Rolfe Canal/York Dam bypass reach, and 

downstream of the confluence of the Penacook Lower Falls Project tailrace and bypass channel. Flow data 

from the transects were collected on five occasions (approximately once per week) from 8/11/21 through 

9/13/21. Discharge below PLF was measured immediately above Station PLF-TR at a point capturing the 

full outflow from the Projects. Flow measurements utilized an acoustic Doppler current profiler (ADCP) 

tethered to an appropriate watercraft at PLF-TR and utilized a current meter and conventional gaging 

techniques at Stations RC-HCC2 and RC-BP1.  

The three Projects are located within two river miles of each other with estimated watershed areas of 760 

square miles (RC), 764 square miles (PUF), and 764 square miles (PLF), that would result in a 0.5% flow 

increase (based on area) from the RC Project to the PLF Project. Therefore, inflow differences between 

Projects can be considered negligible and a single flow gaging station is sufficient for validating the inflow 

estimates at each Project. In addition to the five flow gaging measurements that were taken at PLF-TR, a 

water level logger was installed at that station to continuously measure water level during the study. The 
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logger was deployed at a fixed depth using a section of slotted PVC pipe with an endcap attached to steel 

rebar and bolted vertically to a section of bedrock on the right bank. The logger was deployed from 

8/11/21 to 9/28/21 and retrieved weekly to download data. Water depth to the top of the PVC pipe (and 

offset to the sensor) was measured weekly at the time of deployment/redeployment using a folding yard 

stick or tape measure. The water level logger and companion barometric pressure logger were Onset 

HOBO U20 level loggers as described in Section 4.1. A stage/discharge regression was developed for the 

water level and stream gaging data at PLF-TR and a flow record for the study period was developed from 

the water level data. Given that there were only five gaging measurements in the rating curve, the 

accuracy of the flow estimates is limited and confined to a range of 498-1635 cfs, which are the lowest 

and highest flow measurements obtained from gaging. Flow estimates outside of this measured range are 

presented (estimated flow ranges from <200 to >9000 cfs during the study period) with the understanding 

it is an estimate with no validation. Generally, flow estimates were comparable between the USGS inflow 

estimates and level logger estimates, particularly during periods of consistent power generation. Flow 

estimates during periods with intermittent power generation tended to be less correlated between the 

two methods. 

13 QA/QC Protocols 

Prior to deployment, redeployment, or use for spot measurements, water quality meters were cleaned, 

inspected for fouling, damage, or other performance affecting conditions, and calibrated according to 

manufacturer recommendations and established best practices. A log of calibration data was maintained 

to establish a project record of instrument performance history (included as Appendix B). Calibration 

acceptance criteria is presented in Table 4-2.  

A single field replicate sample was collected at each station during the study and submitted for laboratory 

analysis of each of the parameters in Table 4-3. The field replicates provide a QC assessment of field 

sampling methods and any potential sampling errors. Acceptance criteria for measurement differences 

between field replicate samples is presented in Table 4-3.    

Instrument QA/QC data may indicate need for filtering, flagging, or correction of continuous data records 

due to instrument drift and fouling effects on sensor readings or other instrument performance issues. 

Instrument performance was first evaluated using the side-by-side QC readings between deployed meters 

and a handheld meter as described previously. The acceptance criteria for simultaneous measurement 
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differences between instruments is presented in Table 4-4, below. A summary table that includes the 

relative percent difference and absolute difference values from side-by-side QC reading data pairs is 

included as Appendix C. Generally, instrument performance was acceptable and met the criteria in Table 

4-4; regardless, all deployed instruments were recalibrated during weekly site visits and the pre- and post-

calibration data were reviewed to evaluate instrument performance. 

In the SAP it was stated that data corrections would be applied to instruments that failed to meet side-

by-side QC readings and fouling/drift error QC criteria. However, none of the QC checks indicated data 

correction was necessary or appropriate for the water quality data collected. In some instances, data was 

flagged as suspect data that could not be corrected with a weighted linear correction as specified in the 

SAP. Suspect data are presented in the time series figures (presented and identified as suspect data) but 

are not included in statistical summaries.  
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Table 7–1. Monitoring station locations 

Monitoring 

Station 
Description Latitude Longitude 

RC-US  
Mainstream Contoocook River upstream of 

influence of York Dam/Rolfe Canal 
43°14'3.51"N 71°42'28.15"W 

RC-IMP York Dam/Rolfe Canal Impoundment deep spot 43°16'5.55"N 71°36'53.18"W 

RC-INT  
Rolfe Canal upstream of the penstock intake 

dam 
43°16'21.47"N 71°36'23.27"W 

RC-TR  Rolfe Canal tailrace 43°16'30.14"N 71°36'15.36"W 

RC-BP1 
York Dam/Rolfe Canal bypass reach pool/run 

habitat in upper bypass reach 
43°16'20.16"N 71°36'43.29"W 

RC-BP2 
York Dam/Rolfe Canal bypass reach run habitat 

above the confluence with Rolfe Canal Tailrace 
43°16'37.17"N 71°36'21.56"W 

RC-HCC1 
Rolfe Canal Historic Canal channel pool habitat 

below flow control structures 
43°16'22.18"N 71°36'14.19"W 

RC-HCC2 
Rolfe Canal Historic Canal channel low gradient 

run habitat above confluence with tailrace 
43°16'28.52"N 71°36'12.65"W 

PUF-IMP  PUF Impoundment deep spot 43°16'53.33"N 71°36'5.71"W 

PUF-BP  PUF bypass reach 43°16'58.22"N 71°36'4.55"W 

PUF-TR  PUF tailrace 43°17'0.41"N 71°36'3.50"W 

PLF-IMP  PLF impoundment deep spot 43°17'7.04"N 71°35'48.67"W 

PLF-BP PLF bypass reach 43°17'6.27"N 71°35'43.13"W 

PLF-TR PLF below confluence of tailrace and bypass 43°17'11.12"N 71°35'38.13"W 
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Table 7–2. Field Meter Calibration Method, Frequency, and Acceptance Criteria 

Parameters Frequency of Calibration Calibration Acceptance Criteria 

Dissolved 
Oxygen 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Instantaneous readings  
Prior to each measurement  
 
 
 
Datasonde Deployments 
Datasonde must be 
calibrated before 
deployment and at least 
every two weeks (or more 
frequently if meter fouling is 
likely to occur) for 
deployments lasting more 
than two weeks. 

Instantaneous readings  
Record the calibration value in % saturation and 
after one-minute record the % saturation reading 
and compare to the calibration value. 
The dissolved oxygen % saturation reading should 
be ± 5.0% of dissolved oxygen % saturation 
calibration value. 
Datasonde Deployments 
After the datasonde is calibrated, record the 
datasonde instantaneous mg/L reading 
immediately after calibration and the Oxygen 
Solubility in Water Value based on concurrent 
water temperature and barometric conditions. 
The difference between the datasonde 
instantaneous reading immediately after 
calibration and the Oxygen Solubility Water Value 
must be no greater than ± 0.2 mg/L. If the 
difference is greater, recalibrate. 
Datasonde Retrieval 
After removal from water, set up the datasonde 
so that it is under 100% saturated air conditions. 
After dissolved oxygen readings have stabilized, 
record the datasonde instantaneous mg/L reading 
and the Oxygen Solubility in Water Value based 
on concurrent water temperature and barometric 
conditions. 
The difference between the datasonde 
instantaneous reading immediately after 
calibration and the Oxygen Solubility Water Value 
from Table 4 must be no greater than ±0.5 mg/L). 
If the datasonde is going to be redeployed, and it 
hasn’t been more than 2 weeks since the last 
calibration, recalibrate if the difference is greater 
than ±0.2 mg/L. If it has been 2 weeks since the 
last calibration, recalibrate regardless of the 
difference. 

Temperature Not Applicable Not Applicable 

 
 
 

pH 
 
 
 
 
 
 
 
 

Instantaneous readings 
Two-point calibration prior 
to each measurement (4.00 
and 7.00 are the preferred 
calibration standards) 
 
 
 
 
 
 
 

Instantaneous readings 
Record calibration slope prior to each 
measurement. Slope should be between 95% - 
105%. If slope is out of range, the meter should be 
recalibrated. 
 
During each day of sampling the handheld meter 
should measure a standard not used in the 
calibrations (i.e. 6.00 pH standard). Meter should 
read ± 0.3 pH units from the standard. If the 
difference is greater, it may indicate a 
contaminated standard or faulty meter. Try again 
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Parameters Frequency of Calibration Calibration Acceptance Criteria 

  
 
 
Datasonde Deployments 
Datasonde must be 
calibrated before 
deployment and at least 
every two weeks (or more 
frequently if meter fouling is 
likely to occur) for 
deployments lasting more 
than two weeks. 

with a fresh standard. If it is still out of range, the 
meter may be faulty. 
 
Datasonde Deployments 
After two-point calibration (4.00 and 7.00 are the 
preferred calibration standards) record the 
datasonde reading of the two standards used. 
Reading should be ± 0.05 pH units from both 
calibration standards. If the difference is greater, 
recalibrate. 
 
Datasonde Retrieval 
Datasonde should measure the two standards 
used in the calibration. Datasonde readings 
should be ± 0.3 pH units from both calibration 
standards. 
 
If the datasonde is going to be redeployed, and it 
hasn’t been more than 2 weeks since the last 
calibration, recalibrate if the difference is greater 
than ± 0.3 pH units. If it has been 2 weeks since 
the last calibration, recalibrate regardless of the 
difference. 
 

 

Table 7–3. Field Replicate Frequency and Acceptance Criteria 

Parameters Frequency of Field Replicates 
Precision (RPD Based on Field 

Replicates) 

Total 

Phosphorus  

Once every site visit or once every 10 

samples, whichever is greater 
RPD < 20% 

Total Kjldahl Once every site visit or once every 10 

samples, whichever is greater 
RPD < 20% 

Nitrogen 

Nitrite + 
Once every site visit or once every 10 

samples, whichever is greater 
RPD < 20% Nitrate 

Nitrogen 

Chlorophyll-a 
Once every site visit or once every 10 

samples, whichever is greater 
RPD < 20% 

 

Table 7–4. Data QC Acceptance Criteria 

Parameters Frequency of Measurement Checks* 

Acceptance Criteria (i.e., maximum 

difference between the handheld and 

datasonde measurements)* 

RPD – Relative Percent Difference 

ABS – Absolute Difference 
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Dissolved Oxygen 

Handheld measurements should be 

taken at the time of datalogger 

deployment, once a week throughout 

the deployment and at the time the 

datalogger is removed. Handheld 

measurements should be taken as 

close as possible to the location of the 

datalogger. 

RPD between handheld measurement and 

datalogger should be ≤ 10%. If RPD is > 10% 

the absolute value of the difference 

between the handheld measurement and 

the datalogger measurement should be ≤ 

0.4 mg/l or ≤ 4% saturation. 

Temperature Same as above 

RPD between handheld measurement and 

datalogger should be ≤ 10%. If RPD is > 10% 

the absolute value of the difference 

between the handheld measurement and 

the datalogger measurement should be ≤ 

0.5 °C. 

pH Same as above 

The absolute value of the difference 

between the handheld measurement and 

the datalogger measurement should be ≤ 

0.3 pH units 

Specific Conductance Same as above 
± 5 μS/cm or ± 3% of the measured value, 

whichever is greater 

*Adjacent measurements with the handheld meter are taken at same location and depth as the datasonde. 

** The relative percent difference (RPD) is equal to the following: 

  

Where: ꭓ1 is the original sample concentration, and 

ꭓ2 is the replicate sample concentration 
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Figure 7–1. Site map of sampling locations. 
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Figure 7–2. Detail map of sampling locations.  
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14 Results 

The water quality study was completed in accordance with the SAP to the extent practicable and the 

results of the continuous monitoring, vertical profiles, laboratory analyses, and flow measurements are 

presented in this section. Time series plots for river and operational conditions are provided in Appendix 

D. 

15 Continuous Water Quality Data Sonde Measurements 

Continuous monitoring of temperature, DO, and pH was completed between 7/28/21 and 9/23/21. 

Loggers were deployed on 7/28/21 at Stations RC-INT, RC-HCC1 PLF-IMP and PLF-BP; on 7/29/21 at 

Stations RC-US and RC-IMP; on 8/2/21 at Stations RC-BP1, RC-BP2, RC-TR, and PUF-IMP; on 8/4/21 at 

Stations PUF-TR and PLF-TR; on 8/12/21 at Station RC-HCC2; and on 8/13/21 at Station PUF-BP. Loggers 

were removed on 9/20/21 at Stations RC-BP1, RC-BP2, RC-HCC1, RC-HCC2, and PLF-BP; on 9/21/22 at 

Stations RC-INT, RC-TR, PUF-IMP, and PLF-IMP; on 9/22/21 at Stations RC-US, RC-IMP, and PUF-TR; and 

on 9/23/21 at Stations PUF-BP and PLF-TR. Deployment periods for each Station are presented in Table 5-

1 and results are presented in Figures 5-1 through 5-68 and Tables 5-2 through 5-6. 

Table 14–1. Deployment periods and number of valid data points collected by station 

Continuous 

Monitoring 

Station 

DO/Temp 

Deployed 

DO/Temp 

Retrieved 

No. of Valid 

DO/Temp 

Data Points 

pH Deployed pH retrieved 

No. of Valid 

pH Data 

Points 

RC-US  7/29/2021 9/22/2021 5,263 7/29/2021 9/22/2021 4,991 

RC-IMP 7/29/2021 9/22/2021 5,263 7/29/2021 9/22/2021 5,263 

RC-INT 7/28/2021 9/21/2022 5,258 7/28/2021 9/21/2022 5,258 

RC-BP1 8/2/2021 9/20/2021 4,597 8/2/2021 9/20/2021 4,597 

RC-BP2 8/2/2021 9/20/2021 4,687 8/2/2021 8/12/2021 972 

RC-HCC1 7/28/2021 9/20/2021 5,143 7/28/2021 9/20/2021 5,143 

RC-HCC2 8/12/2021 9/20/2021 3,645 No pH No pH  No pH 

RC-TR  8/2/2021 9/21/2022 4,117 8/2/2021 9/21/2022 3,339 

PUF-IMP  8/2/2021 9/21/2022 4,765 8/2/2021 9/21/2022 4,765 

PUF-TR 8/4/2021 9/22/2021 4,084 8/4/2021 9/22/2021 2,188 

PUF-BP 8/13/2021 9/23/2021 3,929 8/13/2021 9/23/2021 3,929 

PLF-IMP 7/28/2021 9/21/2022 5,266 7/28/2021 9/21/2022 4,805 

PLF-TR 8/4/2021 9/23/2021 4,763 8/4/2021 9/23/2021 4,763 

PLF-BP 7/28/2021 9/20/2021 5,159 7/28/2021 9/20/2021 5,159 
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16 Water Temperature 

Water temperatures during the study are presented in Figures 5-1 through 5-17 and Table 5-2 and the 

periods of deployment and number of valid measurements are highlighted in Table 5-1.  Temperatures 

varied from 15.62 to 28.50 °C and were relatively consistent between each of the continuous monitoring 

stations and were on average lowest at the upstream riverine reach (RC-US, 21.2 °C mean temperature) 

and highest at the PUF tailrace reach (PUF-TR, 21.8°C mean temperature). Temperatures in the study area 

increased from ~18-19 °C at the beginning of the study on July 28 to a peak of >25 °C August 13/14, then 

remained in the lower 20s °C through the end of August and remained in the high teens to ~20 °C through 

the end of the study in September. Maximum water temperatures coincided with relatively low flow of 

<1,000 cfs inflow at Rolfe Canal, although moderately high water temperatures (>23 °C) did also coincide 

with inflow >5,000 cfs during a flow event on 8/25/21. A summary of the suspect data removed from the 

final data set is highlighted in Table 5-3. 

Water temperatures varied on a daily warming/cooling cycle at all stations, with the largest daily 

variations recorded in the Rolfe Canal bypass stations and Rolfe Canal historic canal channel stations, as 

well as the PLF-BP station, where daily temperature changes of >3 °C were common, particularly at lower 

flows. The shallower water at these stations and lower flows (i.e. dependent on spill conditions in the 

bypass reaches and diversion flows in the historic canal channel) likely contributed to the greater daily 

temperature variations documented at these stations as compared to elsewhere in the study area. The 

short bypass reach at PUF-BP and the location of the data logger in a turbulent mixed area near the 

spillway likely explains why daily temperature variations of 1 °C or less were recorded at that station. Daily 

temperature variations were also relatively low in the impoundment stations and Rolfe Canal intake 

station (likely due to the deeper logger positions) and were typically on the order of 1 °C or less, even 

during low flow periods. The upstream riverine station (Station RC-US) and tailrace stations exhibited daily 

temperature cycles that were intermediate in magnitude between the impoundments and bypass 

reaches, with typical daily variations of >1 °C, especially during lower flow periods. 

Temperature conditions in the Project study area were variable during the study period, and exhibited a 

seasonal pattern with a general warming trend early in the study followed by a general cooling trend after 

a mid-August peak with water temperatures in excess of 25 °C. Temperatures in the upstream reach, 

outside the direct hydraulic influence of the Project, were comparable to the other stations in the study 
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area and all station temperatures were within ~3 °C or less of each other throughout the study. The 

temperature data collected in this study indicate that water temperatures in areas affected by the 
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Project generally follow a natural temperature regime that is comparable to areas outside the Project influence. 

 

Table 14–2. Summary of continuous monitoring temperature data 

 

RC-

US  

RC-

IMP 

RC-

INT 

RC-

BP1 

RC-

BP2 

RC-

HCC1 

RC-

HCC2 

RC-

TR  

PUF-

IMP  

PUF-

TR 

PUF-

BP 

PLF-

IMP 

PLF-

TR 

PLF-

BP 

 Temperature (℃) 

Min 18.1 18.5 18.4 18.2 15.6 18.1 17.3 18.6 18.4 18.4 18.2 18.4 18.4 17.9 

Max 25.8 25.9 26.2 27.2 28.5 27.2 27.3 26.2 26.4 26.3 26 26.2 26.2 27.9 

Mean 21.2 21.3 21.5 21.7 21.8 21.7 21.5 21.8 21.6 21.8 21.3 21.4 21.6 21.7 

Median 20.4 20.5 21.2 21.7 21.9 21.4 21.3 22.1 21.5 22.3 20.3 20.9 21.4 21.4 

 

Table 14–3. Summary of suspect temperature and DO data removed from dataset 

Continuous Monitoring 

Station 
Suspect Data Period Comment 

RC-BP1 8/5/21 11:15 – 8/6/21 09:30 Logger was likely out of water 

RC-HCC2 
8/25/21 02:30 – 08/25/21 

20:00 
Unknown cause of errors 

RC-TR 8/30/21 14:00 – 9/6/21 10:15 
Calibration error at deployment on 8/30 and failed QC 

check on 9/6 

PUF-TR 9/9/21 10:45 – 9/15/21 12:45 Deployment error (calibration cap left on instrument) 
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Figure 14–1. RC-US. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–2. RC-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–3. RC-INT. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–4. RC-BP1. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–5. RC-BP2. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–6. RC-HCC1. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–7. RC-HCC2. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–8. RC-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–9. PUF-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–10. PUF-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–11. PUF-BP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–12. PLF-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–13. PLF-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–14. PLF-BP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

temperature (℃), and handheld meter temperature observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–15. Rolfe Canal. Datasonde temperature (℃) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) 

observed during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal 

x-axis. Periods of power generation shaded. 
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Figure 14–16. Penacook Upper Falls. Datasonde temperature (℃) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow 

(cfs) observed during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the 

horizontal x-axis. Periods of power generation shaded. 
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Figure 14–17. Penacook Lower Falls. Datasonde temperature (℃) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow 

(cfs) observed during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the 

horizontal x-axis. Periods of power generation shaded. 



Briar Hydro Associates Water Quality Study

 

 
Normandeau Associates, Inc. 2022 116 

17 Dissolved Oxygen 

Dissolved oxygen was measured at each of the 14 continuous monitoring stations throughout the eight 

week study period and included periods of variable flow, temperature, and power generation conditions 

as presented in Figures 5-18 through 5-51 and Table 5-4. The periods of deployment and number of valid 

measurements are highlighted in Table 5-1. The DO loggers generally performed very well throughout the 

study and the deployment/post-deployment QC criteria were met with a few exceptions. There were four 

separate instances of instrument performance issues where DO/temperature data were flagged as 

suspect data and omitted from the final dataset. Suspect data are presented in the DO figures but are 

included as a separate time series for clarity (Suspect data are also presented in Appendix E). A summary 

of the suspect data removed from the final data set is highlighted in Table 5-3. 

Dissolved oxygen was generally measured at high levels at all stations throughout the study and varied 

from a low of 4.81 mg/L (53.52% saturation) at RC-INT on 7/30/21 (during a period of low flow with no 

power generation) to a high of 10.73 mg/L (125% saturation) at PUF-TR on 8/26/21 (during a brief period 

of interrupted power generation and high inflow). There was only one period of exceedance of the DO 

standards documented at the continuous monitoring stations on 7/28/21 - 7/30/21 at Station RC-INT, 

otherwise all of the valid continuous monitoring data were well above the 5 mg/L standard and 75% 

saturation standard (as a daily average). DO values on average were highest in the bypass reaches with 

slightly lower values in the impoundments and tailrace reaches. The PLF-TR station, which represents 

outflow from all of the Projects, and RC-US, which was located upstream of the Project’s hydraulic 

influence, had comparable median DO values during the study at 8.64 and 8.68 mg/L, respectively 

(although daily DO variations were much higher at PLF-TR). Lower DO values, below the 5 mg/L standard, 

were recorded during the study at lower water depths at the RC impoundment station, as presented in 

Section 5.2 – Vertical Profile results. 

DO concentrations throughout the Project area generally decreased during the first two weeks of the 

study as high inflows receded and water temperatures increased to maximum values by August 14. DO 

concentrations then began an overall increasing trend that corresponded with decreasing temperatures 

and recurring periods of higher inflow. DO was positively correlated with inflow with DO concentrations 

and % saturation trending up and down with inflow. Absolute DO concentrations were also negatively 

correlated with temperature with higher DO concentrations generally corresponding with lower water 

temperatures and lower DO concentrations corresponding with higher water temperatures. DO % 

saturation tended to vary less over time at the bypass stations and historic canal channel stations 
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compared to the other stations, likely due to the mixing conditions in the bypass reaches and the constant 

rate of inflow at the historic canal channel.  

DO varied cyclically on a daily basis at each of the stations, similar to the documented daily variations in 

water temperature. The most pronounced daily DO variations were in the RC bypass reach and the PLF 

bypass reach where DO concentrations varied by 1 mg/L or more at times during the study and were 

typically well above 100% saturation during daily peaks. Daily variations of 0.5 mg/L or more were also 

documented at the other stations and were most pronounced during the receding limb of a flow event 

and low flows. At high flow there tended to be much less daily variation (i.e. as a daily cycle) in DO 

concentration, likely due to the mixing and generally higher DO levels associated with runoff events. 

In addition to seasonal/temperature influences, inflow effects, and daily cycles, DO concentrations were 

affected by Project operating conditions, particularly in the tailrace reaches and the PUF/PLF 

impoundments which were directly affected by upstream operations.  

The upstream reference station (RC-US) indicated a pattern of natural DO variations with daily cycles and 

longer trends affected by temperature and flow. Similarly, the RC-IMP station had comparable patterns 

of DO concentration and did not vary with power generation levels. At RC-INT where flows into the Rolfe 

Canal were dependent on generation levels, DO concentrations were affected by generating conditions 

to some degree. At the beginning of the study when inflows were low and no power was being generated, 

DO concentrations dropped to a study minimum of 4.81 mg/L at RC-INT, likely due to the lack of inflow 

and minimal mixing in the canal under these conditions. During generating periods, DO concentrations at 

the RC intake were similar to the RC impoundment as water was being diverted to the Canal for power 

production. When generating was interrupted there was a slight drop in DO concentration at RC-INT of 

up to approximately 0.5 mg/L, although this short-term variation in DO was similar in magnitude to daily 

cycles that occurred with prolonged uninterrupted power generation. In the RC bypass, DO concentrations 

were affected by spill versus minimum flow conditions with less daily DO variation under spill conditions 

and greater daily variation in DO of up to 1 mg/L or more under minimum flow conditions. When power 

generation was interrupted, resulting in spill to the bypass, DO concentrations increased slightly and/or 

stabilized at the bypass stations compared to the preceding minimum flow conditions. The historic Rolfe 

Canal channel stations did not show evidence of DO being affected by project operations, likely due to the 

minimum flow requirement to the historic canal channel and the mixing created by the diversion 

structures (with a cascade created at the minimum flow orifice and at the canal sluice). The RC tailrace 
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station (RC-TR) recorded DO concentrations that increased slightly when power generation was 

interrupted and decreased by up to 0.5 mg/L, briefly (3 hours or less), when power generation resumed.  

Water quality at the PUF stations was affected by operations at the Rolfe Canal Project and the PUF 

Project, particularly in the tailrace and impoundment stations. At the impoundment station (PUF-IMP), 

DO concentrations increased by up to 1 mg/L when power generation was interrupted and had a 

corresponding decrease of up to 1.2 mg/L when power generation resumed (i.e., generation at either RC 

and/or PUF) with DO concentrations at PUF-IMP similar to RC-TR during generating periods. DO 

increases/decreases associated with generation were greater than typical daily variations recorded during 

periods of sustained generation. DO changes associated with power generation were greatest at the 

tailrace station (PUF-TR) with increases of up to 1-2 mg/L associated with interrupted power generation 

and corresponding decreases of 1-2 mg/L associated with resumed generation. Changes in DO 

concentration associated with generation were much greater than the daily DO cycle documented during 

uninterrupted periods of generation. DO concentrations at PUF-TR were similar to concentrations at PUF-

IMP during generation periods and during non-generation periods were anomalously high (e.g., up to 

120+ % saturation) and were not comparable to conditions at other stations. At the PUF bypass station 

(PUF-BP), DO concentrations generally increased slightly (up to 0.5 mg/L) during interrupted power 

generation, although these variations were indistinguishable from daily variations during uninterrupted 

power generation periods. 

Water quality at the PLF stations, located furthest downstream of the three Projects, was affected by 

operations at the upstream projects as well as operations at the PLF Project, particularly at the PLF-IMP 

and PLF-TR stations. At the PLF-IMP station, DO concentrations were directly affect by upstream 

operations, with DO increases of 0.8 – 1.4 mg/L occurring during interrupted power generation and 

corresponding similar decreases when upstream power generation resumed. The DO patterns at PLF-IMP 

were quite similar to PUF-TR and demonstrates the influence of upstream operations on downstream 

water quality. DO patterns at the PLF-TR station were also comparable to PLF-IMP, although the DO 

changes associated with generating and non-generating periods were greater than at PLF-IMP, likely due 

to the added influence of outflows from the lower Project. DO increases of 1.2 – 1.6 mg/L were 

documented at PLF-TR during interrupted power generation as were corresponding similar decreases 

when power generation resumed. DO saturation levels were well in excess of 100% during the non-

generating periods. DO patterns at the PLF-BP station indicated minimal impact on DO from Project 

operations, with changes in DO due to Project operations being indistinguishable from daily cyclical 
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changes in DO (typically 1 mg/l under minimum flow conditions). When power generation was 

interrupted, resulting in spill to the bypass, DO typically increased at PLF-BP by 0.5 - 1.0 mg/L. DO 

saturation was frequently in excess of 100% saturation at the PLF-BP station under both generating and 

non-generating conditions, although variability was highest under minimum flow conditions.
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Table 14–4. Summary of continuous monitoring DO data 

 

RC-

US  

RC-

IMP 

RC-

INT 

RC-

BP1 

RC-

BP2 

RC-

HCC1 

RC-

HCC2 

RC-

TR  

PUF-

IMP  

PUF-

TR 

PUF-

BP 

PLF-

IMP 

PLF-

TR 

PLF-

BP 

 DO (mg/L)  

Min 7.09 6.14 4.81 8.04 7.37 8.01 7.31 6.41 6.89 6.85 7.67 6.83 7.16 7.5 

Max 9.52 9.02 9.04 9.65 10.15 9.5 9.13 9.08 9.4 10.73 9.72 10.01 10.48 9.68 

Mean 8.51 7.97 7.92 8.8 8.75 8.81 8.26 8.02 8.19 8.19 8.78 8.34 8.59 8.83 

Median 8.64 8.16 8.02 8.78 8.74 8.79 8.33 8.04 8.36 8.16 8.9 8.39 8.68 8.85 

                             

 

RC-

US  

RC-

IMP 

RC-

INT 

RC-

BP1 

RC-

BP2 

RC-

HCC1 

RC-

HCC2 

RC-

TR  

PUF-

IMP  

PUF-

TR 

PUF-

BP 

PLF-

IMP 

PLF-

TR 

PLF-

BP 

 DO % Saturation (daily mean data) 

Min 89 80 71 95 96 97 91 85 86 86 95 86 90 97 

Max 102 99 97 104 104 103 96 96 100 105 103 104 110 103 

Mean 95 90 89 100 99 100 93 91 93 93 99 94 97 100 

Median 95 90 91 100 99 100 93 91 92 93 98 93 96 100 

                             

 

RC-

US  

RC-

IMP 

RC-

INT 

RC-

BP1 

RC-

BP2 

RC-

HCC1 

RC-

HCC2 

RC-

TR  

PUF-

IMP  

PUF-

TR 

PUF-

BP 

PLF-

IMP 

PLF-

TR 

PLF-

BP 

 DO % Saturation (15 minute data) 

Min 86 70 54 89 90 96 86 75 83 83 88 83 87 91 

Max 104 100 98 109 114 104 102 99 103 125 104 107 114 111 

Mean 95 90 89 100 99 100 93 91 93 93 99 94 97 100 

Median 96 90 90 100 100 100 92 91 93 92 98 93 95 101 
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Figure 14–18. RC-US. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–19. RC-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–20. RC-INT. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–21. RC-BP1. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–22. RC-BP2. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–23. RC-HCC1. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

DO (mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 

5 mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 



Briar Hydro Associates Water Quality Study

 

 
Normandeau Associates, Inc. 2022 127 

 

Figure 14–24. RC-HCC2. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

DO (mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 

5 mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–25. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO (mg/L), 

and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 mg/L. 

Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power 

generation shaded. 
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Figure 14–26. PUF-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

DO (mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 

5 mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–27. PUF-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–28. PUF-BP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–29. PLF-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde 

DO (mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 

5 mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–30. PLF-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–31. PLF-BP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs), datasonde DO 

(mg/L), and handheld meter DO observed during 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of 

power generation shaded. 
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Figure 14–32. Rolfe Canal. Datasonde DO (mg/L) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) observed 

during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. 

NH instantaneous DO water quality standard shown at 5 mg/L. Periods of power generation shaded. 



Briar Hydro Associates Water Quality Study

 

 
Normandeau Associates, Inc. 2022 136 

 

Figure 14–33. Penacook Upper Falls. Datasonde DO (mg/L) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) 

observed during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal 

x-axis. NH instantaneous DO water quality standard shown at 5 mg/L. Periods of power generation shaded. 
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Figure 14–34. Penacook Lower Falls. Datasonde DO (mg/L) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) 

observed during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal 

x-axis. NH instantaneous DO water quality standard shown at 5 mg/L. Periods of power generation shaded. 
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Figure 14–35. RC-US. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–36. RC-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–37. RC-INT. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–38. RC-BP1. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–39. RC-BP2. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–40. RC-HCC1. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde 

DO  saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine 

capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–41. RC-HCC2. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde 

DO  saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine 

capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–42. RC-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–43. PUF-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde 

DO  saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine 

capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–44. PUF-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–45. PUF-BP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–46. PLF-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde 

DO  saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine 

capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–47. PLF-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–48. PLF-BP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde DO  

saturation (%) and handheld meter DO saturation observed during 2021 study. Minimum and maximum turbine capacity 

(cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–49. Rolfe Canal. Datasonde DO saturation (%) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) 

observed during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal 

x-axis. Periods of power generation shaded. 
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Figure 14–50. Penacook Upper Falls. Datasonde DO saturation (%) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace 

flow (cfs) observed during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along 

the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–51. Penacook Lower Falls. Datasonde DO saturation (%) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace 

flow (cfs) observed during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along 

the horizontal x-axis. Periods of power generation shaded. 
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18 pH 

PH was measured at 13 of the 14 continuous monitoring stations (no logger could be obtained from the 

manufacturer for the additional monitoring station RC-HCC2) for the eight week study period, concurrent 

with the temperature and DO monitoring, and included periods of variable flow, temperature, and 

operating conditions as presented in Figures 5-52 through 5-68 and Table 5-5. PH data at RC-BP2 was only 

completed for the period 8/2/21 through 8/12/21 as the logger was moved to the PUF-BP station after 

that date due to the lack of sufficient loggers to instrument all of the stations (there was a lack of available 

instruments from the manufacturer in 2021 due to supply chain shortages). There were six separate 

instances of instrument performance issues where pH data were flagged as suspect data and omitted 

from the final dataset. Suspect data are presented in the pH figures but are included as a separate time 

series for clarity (Suspect data are also presented in Appendix E).  A summary of the suspect data removed 

from the final data set is highlighted in Table 5-6. 

PH varied from 6.2 – 7.7 s.u. across all continuous monitoring stations during the study with median values 

ranging from 6.5 at multiple stations to 6.9 at PLF-BP. There were multiple exceedances of the lower pH 

standard for Class B waters of 6.5; at all stations except RC-BP2 (for which there is only a 10 day record) 

and RC-HCC1. It is worth noting the reference station (RC-US) also had multiple exceedances of the lower 

pH standard indicating that low pH may be due to natural causes and/or is a watershed-wide water quality 

issue. There were no documented exceedances of the higher pH standard for Class B waters of 8.0 (there 

were pH values in excess of 8.0 s.u. at Station PLF-BP; however, those data were determined to be invalid 

due to the failure of a QC reading by a large margin). Slightly higher average pH values (by 0.2-0.4 s.u.) 

were documented at the Project bypass reaches and the RC historic canal channel compared to other 

stations. 

PH varied over the study period and exhibited daily patterns, longer term trends, and changes correlated 

with Project operations. At the upstream station (RC-US) and the RC Impoundment (RC-IMP) and intake 

(RC-INT) stations, pH patterns were similar and followed a natural regime with little direct effect from 

Project operations. At these stations, pH increased with decreasing flows on the recession leg of a large 

flow event in early August, rising from a low of ~6.2 s.u. to a peak of ~ 6.7 s.u., coinciding with the peak of 

a high flow event in late August, before decreasing again to a minimum of ~6.3 s.u. pH then gradually 

increased through the remainder of the study period in late September reaching high values of ~6.7. At 

these three stations, pH was inversely related to flow with high flows tending to correspond with lower 
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pH and receding flows corresponding with increased pH. Stations downstream of the RC Project were 

affected by spill over the dam, generation flows, and, at the historic canal channel, diversion of flows at a 

relatively constant rate, which altered the pH patterns compared to the stations located on the upstream 

side of the three Projects. At the bypass stations, there were typically daily pH cycles with a rise of 0.1-0.3 

s.u. from a morning minimum to a mid-day maximum followed by a corresponding comparable decrease 

overnight. The daily pH variations were greatest during minimum flow periods and were greatly reduced 

during spill periods. The RC-HCC1 station also exhibited similar daily pH cycles with daily 

increases/decreases of ~0.1 s.u. throughout most of the study period. At the tailrace and impoundment 

station below the RC Project (i.e. RC-TR, PUF-IMP, PUF-TR, PLF-IMP, and PLF-TR) there was some evidence 

of the daily pH cycles; however, the magnitude was smaller, typically 0.1 s.u. or less and other pH patterns 

related to operations effects were more apparent.  

At the PUF and PLF impoundment and tailrace stations there was evidence of changes in pH corresponding 

with Project operations that was similar to the effects on DO previously described. When generation was 

interrupted, pH exhibited a step change increase of 0.2-0.5 s.u. increase at these four stations followed 

by a similar step change decrease when power generation resumed. In the PUF and PLF bypass reaches, 

a decrease in pH of ~0.2 s.u. was documented when generation was interrupted and spill to the bypass 

initiated, although the pattern was complex and more variable than the pH response seen in the 

impoundment and tailrace reaches. The pattern of step increases/decreases with interrupted and 

resumed generation indicates an effect on downstream waters and likely represents a shift from a 

tailwater source to a bypass source and back to a tailwater source as generation stops and resumes. 
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Table 14–5. Summary of continuous monitoring pH data 

 

RC-

US  

RC-

IMP 

RC-

INT 

RC-

BP1 

RC-

BP2 

RC-

HCC1 

RC-

HCC2 

RC-

TR  

PUF-

IMP  

PUF-

TR 

PUF-

BP 

PLF-

IMP 

PLF-

TR 

PLF-

BP 

 pH (s.u.) 

Min 6.2 6.2 6.2 6.4 6.5 6.6 - 6.4 6.2 6.3 6.5 6.3 6.4 6.4 

Max 6.8 6.7 6.8 7.3 7.3 7.1 - 6.8 6.8 7 7.2 7 7.2 7.7 

Mean 6.5 6.5 6.5 6.8 6.8 6.9 - 6.5 6.5 6.6 6.9 6.6 6.7 6.8 

Median 6.6 6.5 6.6 6.9 6.8 6.9 - 6.5 6.5 6.6 6.9 6.6 6.7 6.9 

 

 

Table 14–6. Summary of suspect pH data removed from dataset 

Continuous Monitoring Station Suspect Data Period Comment 

RC-US 9/13/21 18:00 – 9/15/21 11:00 Equipment malfunction 

RC-BP1 8/5/21 11:15 – 8/6/21 09:30 Logger was likely out of water 

RC-TR 9/14/21 14:00 – 9/21/21 10:45 Equipment malfunction 

PUF-TR 9/1/21 12:43 – 9/22/21 09:13 Equipment malfunction 

PLF-IMP 8/5/21 17:15 – 8/10/21 12:15 Equipment malfunction 

PLF-BP 8/9/21 15:30 – 8/16/21 14:15 Failed QC check likely caused by instrument fouling 
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Figure 14–52. RC-US. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–53. RC-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–54. RC-INT. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–55. RC-BP1. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–56. RC-BP2. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–57. RC-HCC1. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde 

pH (s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–58. RC-HCC2. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde 

pH (s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 



Briar Hydro Associates Water Quality Study

 

 
Normandeau Associates, Inc. 2022 165 

 

Figure 14–59. RC-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–60. PUF-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde 

pH (s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–61. PUF-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–62. PUF-BP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–63. PLF-IMP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde 

pH (s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–64. PLF-TR. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–65. PLF-BP. Pond elevation (ft x 10, for clarity), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs); datasonde pH 

(s.u.), and handheld meter pH observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum 

turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–66. Rolfe Canal. Datasonde pH (s.u.) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) observed 

during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum turbine capacity (cfs) shown as solid 

dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–67. Penacook Upper Falls. Datasonde pH (s.u.) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) 

observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum turbine capacity (cfs) shown as 

solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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Figure 14–68. Penacook Lower Falls. Datasonde pH (s.u.) for all stations, total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) 

observed during 2021 study. NH pH standards shown at 6.5 & 8. Minimum and maximum turbine capacity (cfs) shown as 

solid dotted lines along the horizontal x-axis. Periods of power generation shaded. 
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19 Vertical Profiles (Dissolved Oxygen and Temperature) 

Vertical profiles of temperature and DO were measured at each of the three Project impoundment 

stations (RC-IMP, PUF-IMP, and PLF-IMP) as well as the RC-INT station as presented in Figures 5-69 

through 5-76. The profile data were collected to characterize water quality at the intakes of each of the 

Projects and determine whether there was thermal/chemical stratification and therefore the potential for 

entrainment and discharge of low-DO bottom water. For laboratory sample collection purposes, a 

threshold of 5 °C surface to bottom temperature difference (consistent with NHDES, 2020) was used to 

identify whether stratification was great enough to require discrete sampling of hypolimnetic and 

epilimnetic waters. Thermal stratification was documented to some degree at the RC-IMP station during 

low flow periods in August and September, with the thermal stratification criteria met on two occasions: 

8/12/21 and 8/17/21. There were also exceedances of the 5 mg/L DO standard in the bottom water on 

those two dates at RC-IMP. DO concentration varied from 3.51 mg/L to 7.30 mg/L in the water column on 

8/12/21 and from 1.34 mg/L to 7.07 mg/L in the water column on 8/17/21. Under unstratified conditions, 

DO concentrations were greater than 7 mg/L at RC-IMP. There were no other exceedances of the 5 mg/L 

standard at RC-IMP or any other station during this study in the vertical profile measurements or in the 

continuous monitoring data.  

Temperature and DO profiles at the RC-INT, PUF-IMP, and PLF-IMP stations were relatively homogeneous 

(i.e., little variation with depth) under various flow and temperature conditions and DO concentrations 

were above 7 mg/L for all profiles collected at those stations. Thermal/chemical stratification was not 

documented at those three stations and was likely due to the Project configurations. At the RC Project, 

water is diverted to the canal for generation well upstream of the York Dam and therefore inflows to the 

impoundment are limited to minimum flows under non-spill conditions. At the PUF and PLF 

impoundments the full inflow is conveyed to the impoundment (and the WQ stations) as there are no 

diversions upstream of either dam. Therefore, thermal stratification is more likely at the Rolfe Canal 

impoundment (due to limited inflow below the canal diversion) compared to the two lower Projects, as 

was demonstrated in the vertical profile data.  

As a note, the vertical profile figures show the measurement elevations, the channel bottom elevations, 

and the invert elevations for the Project intake structures. It is apparent that the Project intake structures 

are lower in elevation than the channel bottom (by approximately 15-30 ft). It is worth noting that the 

intake structures are excavated into the channels at lower elevations than the natural channel bottom in 
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the forebay areas leading to the intake structures. The vertical profile locations were located at the 

deepest location accessible (i.e., above the buoy line for each Project) and the difference between the 

identified channel deep spot and the Project invert elevations should not be interpreted as 

misrepresenting the full depth of the Project impoundments. 
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Figure 14–69. RC-IMP. Vertical profiles of DO (mg/L) across depth during 2021 study. Bottom 

invert penstock elevation and impoundment channel bottom shown across horizontal 

x-axis as solid line. 
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Figure 14–70. RC-IMP. Vertical profiles of temperature (℃) across depth during 2021 study. 

Bottom invert penstock elevation and impoundment channel bottom shown across 

horizontal x-axis as solid line. 
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Figure 14–71. RC-INT. Vertical profiles of DO (mg/L) across depth during 2021 study. Bottom 

invert penstock elevation and impoundment channel bottom shown across horizontal 

x-axis as solid line. 
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Figure 14–72. RC-INT. Vertical profiles of DO (mg/L) across depth during 2021 study. Bottom 

invert penstock elevation and impoundment channel bottom shown across horizontal 

x-axis as solid line. 
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Figure 14–73. PUF-IMP. Vertical profiles of DO (mg/L) across depth during 2021 study. Bottom 

invert penstock elevation and impoundment channel bottom shown across horizontal 

x-axis as solid line. 
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Figure 14–74. PUF-IMP. Vertical profiles of temperature (℃) across depth during 2021 study. 

Bottom invert penstock elevation and impoundment channel bottom shown across 

horizontal x-axis as solid line. 

 

  



Briar Hydro Associates Water Quality Study

 

 
Normandeau Associates, Inc. 2022 183 

 

Figure 14–75. PLF-IMP. Vertical profiles of DO (mg/L) across depth during 2021 study. Bottom 

invert penstock elevation and impoundment channel bottom shown across horizontal 

x-axis as solid line. 
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Figure 14–76. PLF-IMP. Vertical profiles of temperature (℃) across depth during 2021 study. 

Bottom invert penstock elevation and impoundment channel bottom shown across 

horizontal x-axis as solid line.  
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20 Laboratory Analysis (Nutrients and Chlorophyll-a) 

Water samples were collected once or twice per week in August and September 2021 from the three 

impoundment stations (RC-IMP, PUF-IMP, PLF-IMP) and the Rolfe Canal Project Intake (RC-INT) and 

submitted for laboratory analysis as discussed in Section 4.3 and in accordance with the SAP. The full 

schedule of 10 samples and a field replicate were collected from RC-IMP and PLF-IMP, as per the SAP. At 

RC-INT, a total of six samples and a field replicate were collected (the SAP specified 5 samples) and at PUF-

IMP only 8 samples plus a field replicate were collected due to high flow conditions preventing access for 

two of the planned sampling rounds (10 samples were to be collected per the SAP). Secchi depth was 

measured concurrent with collection of laboratory samples. The results of the sample analysis and Secchi 

depth are presented in Tables 5-7 through 5-10. Nitrite was not detectable above the reporting limit of 

0.05 mg/L in any sample collected. Nitrate was measured at levels ranging from <0.050 mg/L – 0.14 mg/L 

and was measured at similar concentrations between stations and over the course of the study. Median 

nitrate values by station ranged from 0.089 mg/L at RC-INT to 0.097 mg/L at RC-IMP. Total Kjeldahl 

nitrogen (TKN) was detected in all samples collected at concentrations ranging from 0.23 to 0.97 mg/L, 

both measured at Station PUF-IMP, with median values by station ranging from 0.405 mg/L at PUF-IMP 

to 0.455 at RC-INT. There are no numerical standards for nitrogen in freshwater surface waters in NH; 

however, EPA guidance for the region lists a reference condition of 0.71 mg/L for total nitrogen which can 

be used for evaluation of water quality. During this study total nitrogen (estimated as nitrate + TKN) 

ranged from <0.29 – 1.06 mg/L with median station values ranging from 0.48 mg/L at PUF-IMP to 0.54 

mg/L at RC-INT which were below the EPA reference condition of 0.71 mg/L. Total phosphorus was 

measured in both the epilimnion and hypolimnion samples as in the SAP and varied from 0.011 – 0.100 

mg/L (Station RC-IMP) with median station values ranging from 0.022 mg/L at RC-INT to 0.077 at PUF-

IMP. The detected phosphorus concentrations were generally within or in excess of the CALM (indicator 

7b) category for Eutrophic waters of 0.012-0.028 mg/L. Chlorophyll a was measured at levels ranging from 

0.8 – 2.1 ug/L, with median station values ranging from 1.475 ug/L at RC-INT to 1.60 ug/L at RC-IMP and 

PLF-IMP, all below the NH numeric threshold (CALM indicator 7b) for an oligotrophic lake of <3.3 ug/L.   
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Table 14–7. Summary of laboratory results at RC-IMP 

Date 

NO3-

N 

NO2-

N 

TKN TP TKN TP Chlorophyll 

a Notes  Epilimnion Hypolimnion 

(mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (µg/L)  

8/5/2021 9:30 0.067 <0.05 0.48 0.023 - - 1.6 Secchi depth 8 ft 

8/10/2021 11:20 0.11 <0.05 0.46 0.026 - - 1.7 Secchi depth 10 ft 

8/12/2021 13:15 0.093 <0.05 0.39 0.062 - 0.066 1.6 Secchi depth 11 ft 

8/17/2021 9:35 0.11 <0.05 0.94 0.098 - 0.099 2.1 Secchi depth 11 ft 

8/23/2021 9:05 0.12 <0.05 0.37 0.1 - - 0.8 Secchi depth 10.5 ft 

8/30/2021 10:05 0.099 <0.05 0.49 0.083 - - 1.3 Secchi depth 8 ft 

8/30/2021 10:05 0.077 <0.05 0.58 0.017 - - 1.6 Field replicate  

9/1/2021 10:39 0.1 <0.05 0.33 0.094 - - 1.7 Secchi depth 9 ft 

9/6/2021 14:30 0.06 <0.05 0.36 0.02 - - 1.2 Secchi depth 9.5 ft 

9/8/2021 14:59 0.085 <0.05 0.31 0.011 - - 1.1 Secchi depth 11 ft 

9/14/2021 11:00 0.14 <0.05 0.73 0.02 - - 1.7 Secchi depth 9.5 ft 

10 sample median  0.0965 <0.05 0.425 0.038 - 0.0825 1.6   

 

Table 14–8. Summary of laboratory results at RC-INT 

Date 

NO3-

N 

NO2-

N 
TKN TP 

Chlorophyll 

a Notes  

(mg/L)  (mg/L)  (mg/L)  (mg/L)  (µg/L)  

8/5/2021 10:30 0.056 <0.05 0.46 0.023 1.6 Secchi depth 8 ft 

8/10/2021 10:00 - - - - - Secchi depth 10 ft 

8/12/2021 8:40 0.1 <0.05 0.51 0.021 1.2 Secchi depth 11 ft 

8/17/2021 9:30 - - - - - Secchi depth 11 ft 

8/23/2021 10:12 0.12 <0.05 0.45 0.031 1.1 Secchi depth 10.5 ft 

8/30/2021 11:38 0.088 <0.05 0.54 0.024 1.3 Secchi depth 8 ft 

8/30/2021 11:38 0.08 <0.05 0.53 0.093 1.8 Field replicate  

9/1/2021 10:39 - - - - - Secchi depth 9 ft 

9/6/2021 15:35 0.052 <0.05 0.35 0.019 1.6 Secchi depth 9.5 ft 

9/8/2021 14:59 - - - - - Secchi depth 11 ft 

9/14/2021 13:05 0.093 <0.05 0.35 0.019 1.4 Secchi depth 9.5 ft 

10 sample median  0.0885 <0.05 0.455 0.022 1.475   
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Table 14–9. Summary of laboratory results at PUF-IMP 

Date 

NO3-

N 

NO2-

N 
TKN TP 

Chlorophyll 

a Notes  

(mg/L)  (mg/L)  (mg/L)  (mg/L)  (µg/L)  

8/5/2021 9:30 - - - - - Secchi depth 8 ft 

8/10/2021 11:20 - - - - - Secchi depth 10 ft 

8/12/2021 10:35 0.091 <0.05 0.41 0.077 1.3 Secchi depth 11 ft 

8/17/2021 10:40 0.11 <0.05 0.58 0.077 1.8 Secchi depth 11 ft 

8/23/2021 11:15 0.12 <0.05 0.33 0.094 1.3 Secchi depth 10.5 ft 

8/30/2021 12:45 0.082 <0.05 0.56 0.075 1.5 Secchi depth 8 ft 

8/30/2021 12:45 0.087 <0.05 0.5 0.09 1.6 Field replicate  

9/1/2021 12:47 0.11 <0.05 0.33 0.079 1.5 Secchi depth 9 ft 

9/6/2021 12:05 0.066 <0.05 0.4 0.018 1.6 Secchi depth 9.5 ft 

9/8/2021 12:10 0.1 <0.05 0.23 0.022 1.4 Secchi depth 11 ft 

9/14/2021 12:00 0.089 <0.05 0.97 0.021 2 Secchi depth 9.5 ft 

10 sample median  0.0955 <0.05 0.405 0.077 1.525   

 

Table 14–10. Summary of laboratory results at PLF-IMP 

Date 

NO3-

N 

NO2-

N 
TKN TP 

Chlorophyll 

a Notes  

(mg/L)  (mg/L)  (mg/L)  (mg/L)  (µg/L)  

8/5/2021 11:40 0.057 <0.05 0.45 0.022 1.8 Secchi depth 8 ft 

8/10/2021 12:55 0.11 <0.05 0.44 0.097 1.6 Secchi depth 10 ft 

8/12/2021 14:00 0.099 <0.05 0.37 0.062 1.6 Secchi depth 11 ft 

8/17/2021 11:35 0.11 <0.05 0.61 0.076 1.4 Secchi depth 11 ft 

8/23/2021 12:05 0.13 <0.05 0.47 0.085 1.2 Secchi depth 10.5 ft 

8/30/2021 14:15 0.086 <0.05 0.53 0.094 1.6 Secchi depth 8 ft 

8/30/2021 14:15 0.086 <0.05 0.47 0.069 1.3 Field replicate  

9/1/2021 14:16 0.11 <0.05 0.35 0.028 2 Secchi depth 9 ft 

9/6/2021 13:35 0.062 <0.05 0.34 0.017 1.1 Secchi depth 9.5 ft 

9/8/2021 13:38 <0.050 <0.05 0.24 0.014 1.6 Secchi depth 11 ft 

9/14/2021 14:36 0.091 <0.05 0.52 0.019 1.6 Secchi depth 9.5 ft 

10 sample median  0.099 <0.05 0.445 0.045 1.6   
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21 Flow Gaging 

Flows were estimated for the study utilizing the nearest USGS gage data (prorated based on watershed 

area as presented in Section 4.5) in combination with station operations data to estimate inflow to each 

Project and outflows through the tailraces, bypasses, and the Rolfe Canal historic canal channel. To verify 

the inflow and outflow estimates a water level logger was installed at the PLF-TR station to represent the 

full outflow from the Projects. The water level logger recorded stage data from 8/11/21 through 9/23/21, 

which represented all but the first two weeks of the study. Five gaging trips were completed to measure 

streamflow at various stage levels at PLF-TR and from those data a stage/flow regression was developed 

(flow (cfs) = 8*10-39e0.9495*stage(feet)). In addition, five flow gaging measurements were completed at RC-HCC2 

to verify the minimum flow requirement through the historic canal channel and five flow gaging 

measurements were completed at RC-BP1 to verify outflow estimates to the RC bypass reach. Flow gaging 

measurements and estimated inflows are presented in Table 5-11. A time series of measured stage and 

estimated flows (both from prorated USGS flow data and from measured stage) is presented in Figure 5-

77. 

Flow gaging measurements at the RC-BP1 station were collected in August and September at flows ranging 

from 65-119 cfs, as measured using conventional flow gaging techniques and a flow meter. Estimated 

flows to the bypass ranged from 100 – 580 cfs, as determined by the difference in estimated inflow 

(prorated USGS gage data), flows to the historic canal channel, and flows to the tailrace (or 100 cfs, 

whichever is greater). As shown in Table 5-11, the estimated and measured flows were variable and at 

times were quite different. The measured flows were generally below the LIHI minimum flow requirement 

to the bypass reach of 100 cfs, but in all cases were above the FERC license requirement of 50 cfs. Some 

of the differences in estimated and measured bypass flow were likely due to lag times between the USGS 

gages and the Project as well as reservoir storage effects (i.e., filling or drawing down of the water surface 

as hydraulic control settings are changed). Minimum flow requirements to the RC bypass are maintained 

through the downstream eel passage gate and are not likely to be affected in minor changes in water 

surface elevation. 

Flows to the RC historic canal channel are maintained through a fixed diameter orifice in the RC intake 

structure and are required to maintain at least 5 cfs. Estimated flows based on canal surface level and 

standard hydraulic equations were less than 5 cfs and ranged from 4.39 – 4.49 cfs. Measured flows at 
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Station RC-HCC2 ranged from 3.97 – 5.66 cfs, as determined using conventional flow gaging techniques 

and a flow meter. 

At Station PLF-TR, flows were measured with an ADCP, which typically provides greater accuracy in 

measurements versus conventional stream gaging techniques with a flow meter. Measured flows at PLF-

TR were compared to estimated inflow to the Project (based on prorated USGS gage data as discussed 

previously). The estimated and measured flows were similar and were within 3-16% RPD and adds 

confidence in the flow record developed from the water level logger data at PLF-TR. The flow record 

estimated from PLF-TR water level data is presented in Figure 5-77 and compares those flow data with 

estimated flows based on prorated USGS gage data. Flow estimates above the maximum (1,635 cfs) and 

below the minimum (498 cfs) measured values have a high level of uncertainty and are presented with 

that caveat. Within the measured flow range (498-1,635 cfs), there is generally good agreement between 

the two methods of estimating flow. However, there are short term variations caused by Project 

operations that are represented in the flows estimated from water level that are not represented in the 

USGS flow estimates (due to the USGS gages being located upstream of the Projects). 
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Table 14–11. Summary of estimated and measured flows at RC-BP1, RC-HCC2, and PLF-TR 

RC-BP1 

Date Estimated bypass flow (cfs) Measured flow (cfs) 

8/11/2021 14:20 149 67 

8/18/2021 9:20 100 65 

8/31/2021 9:45 100 119 

9/7/2021 10:30 580  69 

9/13/2021 15:00 378 72 

RC-HCC2 

Date Estimated flow (cfs) Measured flow (cfs) 

8/11/2021 15:15 4.46 3.97 

8/18/2021 10:10 4.49 5.04 

8/31/2021 11:30 4.44 5.26 

9/7/2021 11:22 4.39 5.66 

9/13/2021 14:30 4.41 5.49 

PLF-TR 

Date Estimated flow (cfs) Measured flow (cfs) 

8/11/2021 11:30 1,073 1,021 

8/18/2021 10:45 459 498 

8/31/2021 14:30 1,143 1,109 

9/7/2021 14:15 1,860 1,635 

9/13/2021 12:45 1,715 1,455 
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Figure 14–77. Measured and estimated flows and stage at PLF-TR. 
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22 Summary 

The water quality study was completed in accordance with the SAP to maximum extent practicable.  Water 

quality was monitored at 14 stations from July 27, 2021 though September 23, 2021 and included a wide 

range of flow, temperature, and operating conditions.  Water quality was generally excellent throughout 

the Project study area, with a few exceptions as summarized below.   

There were several documented exceedances of the DO standards for Class B waters during this study.  At 

Station RC-INT, DO concentrations dropped below the 5 mg/L standard on July 30, 2021.  The daily average 

DO % saturation also fell below the 75% saturation standard at RC-INT on July 28, 2021 and July 29, 2021.  

These exceedances of the DO standards occurred during a low flow period when there was no power 

generation at the RC Project and therefore inflow to the canal was limited to the 5 cfs diversion to the 

historic canal channel, which likely explains the DO exceedances under those conditions.  When power 

generation resumed on July 30, 2021 the DO levels returned to more typical levels above 7 mg/L.  There 

were also exceedances of the DO standard at RC-IMP on August 12, 2021 and August 17, 2021 as 

determined during vertical profiles.  On August 12, 2021 a DO value of 3.51 mg/L was recorded and on 

August 17, 2021 a DO value of 1.34 mg/L was recorded.  Those dates correspond to periods with minimum 

flows to the RC bypass and high water temperatures, which likely explains the development of thermal 

stratification and low DO bottom water in the impoundment.  During the same timeframe there was no 

documented thermal stratification and/or low DO at the RC-INT station and DO levels in the bypass and 

tailrace were well above the DO standards.  Therefore, the low DO area in the impoundment appears to 

be limited to the middle and lower depths in the area below the diversion and did not appear to affect 

downstream waters. 

There were multiple documented exceedances of the lower pH standard for Class B waters (6.5 s.u.) and 

no exceedances of the higher pH standard (8.0 s.u.). Exceedances of the lower pH standard were recorded 

at all stations except RC-BP2 (for which there was only a 10 day record) and RC-HCC2 (where no pH logger 

was deployed).  Low pH is likely a watershed issue in the study area, rather than a Project effect, as low 

pH (including exceedances of the pH standard) was documented at the RC-US station, above the influence 

of the Project. 

Project operations had measurable effects on water quality in the Project area, particularly in the stations 

below the Rolfe Canal/ York Dam.  As mentioned above, the presence of the RC dam and the diversion of 
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flows to the RC intake did lead to reduced flows in the lower RC impoundment below the diversion, with 

documented thermal stratification and low DO bottom water.  Below the RC dam there were measurable 

effects in the RC bypass where spill versus minimum flow conditions affected DO concentrations - with 

greater daily variations under minimum flow conditions and more stable and slightly higher DO 

concentrations under spill conditions.  The bypass reaches in the PUF and PLF projects were also affected 

by spill versus non-spill conditions (synonymous with generation and non-generation periods) with slight 

increases in DO associated with spill conditions.   

Step change increases and decreases in DO and pH were documented in the tailrace stations at each of 

the three Projects, and at the impoundment stations at PUF and PLF, and were associated with transitions 

between generating and non-generating periods.  When power generation was interrupted, there were 

documented increases in DO of 0.5-2.0 mg/L at these five stations and there were corresponding similar 

decreases in DO when power generation resumed.  A similar effect was documented with pH at the PUF 

and PLF impoundment and tailrace stations with increases of 0.2-0.5 s.u. when generation was interrupted 

and a corresponding similar decrease when power generation resumed.  These step change increases and 

decreases in DO and pH are likely an effect of the transition in flow sources from primarily tailrace to 

primarily bypass.  While operations effects on water quality were documented, DO and pH levels were 

generally comparable between stations during generating periods and were similar to the upstream 

reference station (RC-US).  There were no exceedances of DO standards at any station aside from the RC-

INT (during a non-generating period) and RC-IMP (bottom water only). 

Water chemistry data indicate that nitrogen concentrations were generally low while phosphorous 

concentrations were consistently high and were within or above the eutrophic range for lakes in NH 

(eutrophic range = 0.012-0.028 mg/L).  Chlorophyll a was measured at low levels consistently below the 

NH numeric threshold for an oligotrophic lake of <3.3 ug/L. 

The water quality study completed in 2021 and presented in this report was successful in completing the 

objectives of the SAP, i.e., to assess the effects of Project operations on water quality in the Contoocook 

River and other potentially affected water bodies, both spatially and temporally, under a variety of 

operating conditions (in terms of flow, impoundment elevation and power generation) and demonstrate 

compliance with NH water quality standards. 
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23 Variances from the Approved Study Plan 

The water quality study was completed in accordance with the SAP to maximum extent practicable; 

however, there were some variances from the SAP as summarized below. 

• No pH logger was deployed at Station RC-HCC2 during this study.  The addition of Station RC-HCC2 

was requested by NHDES on June 30, 2021.  There was a supply shortage for water quality 

instruments in 2021 and no additional pH loggers were available from the manufacturer or 

equipment suppliers in the interim between NHDES’ request for the addition of Station RC-HCC2 

and the completion of the study. 

• The pH logger at RC-BP2 was moved to PUF-BP on 8/12/21 and no replacement logger was 

deployed at RC-BP2.  The addition of Station RC-BP2 was requested by NHDES on June 30, 2021.  

There was a supply shortage for water quality instruments in 2021 and no additional pH loggers 

were available from the manufacturer or equipment suppliers in the interim between NHDES’ 

request for the addition of Station RC-BP2 and the completion of the study. A pH logger was 

initially deployed at RC-BP2 and later moved to PUF-BP after high flows receded and the station 

was safely accessible.  PUF-BP was determined to be a higher priority station than RC-BP2 as RC-

BP1 was collecting pH data immediately upstream of RC-BP2. 

• Station PUF-IMP was initially instrumented inside the PUF buoy line and deployed from a shore-

mounted cable.  This location was chosen as high flows prevented boat access during the first two 

weeks of the study.  The instruments were moved to the final location in deep spot above the 

buoy line on 8/12/21 when flows receded enough for safe boat access to the site. 

• Station PUF-TR was initially located adjacent to the right bank in the tailrace area below the PUF 

powerhouse and was deployed from a shore-mounted cable.  The instrument was moved laterally 

into the center of the channel (the final location) after flows receded enough for safe site access. 

• Lab samples were not collected from Station PUF-IMP until 8/12/21 due to high flows in early 

August.  8 total samples were collected at PUF-IMP, rather than 10 as specified in the SAP, due to 

the high flows and inability to safely access the site during the first two weeks of the study. 

• In the SAP it was stated that data corrections would be applied to instruments that failed to meet 

side-by-side QC readings and fouling/drift error QC criteria. However, none of the QC checks 

indicated data correction was necessary or appropriate for the water quality data collected. In 
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some instances, data was flagged as suspect data that could not be corrected with a weighted 

linear correction as specified in the SAP. Suspect data are presented in the time series figures 

(presented and identified as suspect data) but are not included in statistical summaries.  Suspect 

data are summarized in Tables 5-3 and 5-6 and are also presented in Appendix E. 
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Appendix A. Water Quality Data.  
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Appendix B. Instrument Calibration Data. 
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Appendix C. Instrument QC Summary. 
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Appendix D. River and Operational Conditions.
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Figure D-1. Rolfe Canal. Pond elevation (ft), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) observed during 2021 study. Minimum and 

maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded.  
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Figure D-2. Penacook Upper Falls. Pond elevation (ft), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) observed during 2021 study. 

Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded.  
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Figure D-3. Penacook Lower Falls. Pond elevation (ft), total inflow (cfs), total bypass flow (cfs), tailrace flow (cfs) observed during 2021 study. 

Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis. Periods of power generation shaded.  
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Figure D-4. Rolfe Canal. Generation (KW), total inflow (cfs), total bypass flow (cfs), and minimum and maximum turbine capacity (cfs) observed 

during 2021 study. Minimum and maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis.   
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Figure D-5. Penacook Upper Falls. Generation (KW), total inflow (cfs), and total bypass flow (cfs) observed during 2021 study. Minimum and 

maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis 
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Figure D-6. Penacook Lower Falls. Generation (KW), total inflow (cfs), and total bypass flow (cfs) observed during 2021 study. Minimum and 

maximum turbine capacity (cfs) shown as solid dotted lines along the horizontal x-axis.Appendix E. Suspect DO and pH records. 
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Figure E-1. RC-BP1 DO and suspect DO (mg/L) observed during the 2021 study. NH instantaneous DO water quality standard shown at 5 mg/L.   
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Figure E-2. RC-HCC2 DO (mg/L) and suspect DO (mg/L) observed during the 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L.   
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Figure E-3. RC-TR DO (mg/L) and suspect DO (mg/L) observed during the 2021 study. NH instantaneous DO water quality standard shown at 5 

mg/L.   
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Figure E-4. RC-BP1 DO saturation (%) and suspect DO saturation observed during the 2021 study.   
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Figure E-5. RC-HCC2 DO saturation (%) and suspect DO saturation observed during the 2021 study.   
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Figure E-6. RC-TR DO saturation (%) and suspect DO saturation observed during the 2021 study.   
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Figure E-7. RC-BP1 Temperature (℃) and suspect temperature observed during the 2021 study.   
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Figure E-8. RC-TR Temperature (℃) and suspect temperature observed during the 2021 study.    
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Figure E-9. RC-US pH (s.u.) and suspect pH observed during the 2021 study. NH water quality pH standard shown at 6.5 to 8.  
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Figure E-10. RC-BP1 pH (s.u.) and suspect pH observed during the 2021 study. NH water quality pH standard shown at 6.5 to 8.  
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Figure E-11. RC-TR pH (s.u.) and suspect pH observed during the 2021 study. NH water quality pH standard shown at 6.5 to 8.  
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Figure E-12. PUF-TR DO (mg/L) and suspect DO (mg/L) observed during the 2021 study.   
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Figure E-13. PUF-TR DO saturation (%) and suspect DO saturation observed during the 2021 study.   
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Figure E-14. PUF-TR Temperature (℃) and suspect temperature observed during the 2021 study.   
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Figure E-15. PUF-TR pH (s.u.) and suspect pH observed during the 2021 study. NH water quality pH standard shown at 6.5 to 8.  
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Figure E-16. PLF-IMP pH (s.u.) and suspect pH observed during the 2021 study. NH water quality pH standard shown at 6.5 to 8.  
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Figure E-17. PLF-BP pH (s.u.) and suspect pH observed during the 2021 study. NH water quality pH standard shown at 6.5 to 8
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26 Introduction and Background 

Briar Hydro Associates (Briar Hydro or Licensee) is in the process of relicensing the Rolfe Canal (FERC No. 

3240), Penacook Upper Falls (PUF; FERC No. 6689), and Penacook Lower Falls (PLF; FERC No. 3342) 

Hydroelectric Projects (Project; collectively, Projects) with the Federal Energy Regulatory Commission 

(FERC or Commission). The Projects are located on the Contoocook River in Boscawen and Concord, New 

Hampshire. PLF sits at river mile 0 of the Contoocook River, above the confluence with the Merrimack 

River. The Upper Penacook and Rolfe Canal Projects are located upstream at river miles 1.0 and 2.0, 

respectively.  

The current Project licenses were issued by the Federal Energy Regulatory Commission (FERC or 

Commission) in accordance with the Commission’s delegated authority under the Federal Power Act on 

November 17, 1982 (PLF) and December 5, 1984 (Rolfe Canal and PUF). By FERC order the original April 

17, 2018 license expiration for PLF was extended from October 31, 2022 to November 30, 2024 and 

matching the expiration for the Rolfe Canal and PUF Projects. Briar Hydro is pursuing a new license for the 

three Projects through the Commission’s Traditional Licensing Process (TLP). 

In response to requests provided by the resource agencies as part of the TLP process, Briar Hydro prepared 

a Preliminary Study Plan (PSP). The intent of the PSP was that the goals, methodology, scope, and schedule 

would be refined in consultation with interested stakeholders, as necessary. Briar Hydro distributed a 

copy of the PSP to representatives from the representatives from the U.S. Fish and Wildlife Service 

(USFWS), National Marine Fisheries Service (NMFS), New Hampshire Fish and Game Department (NHFGD) 

and the New Hampshire Department of Environmental Services (NHDES) on December 14, 2020. 

Following receipt and consultation related to comments on the PSP, Briar Hydro prepared a Revised Study 

Plan (RSP) which was finalized in March 2021 and filed with FERC on July 6, 2021. This report describes 

the Incremental Instream Flow Methodology (IFIM) and Habitat Assessment Study conducted in support 

of obtaining a new license for the Project. 

27 Goals and Objectives 

The goal of this study was to determine an appropriate flow regime that will protect and enhance aquatic 

resources within the Rolfe Canal Project bypass reach. The specific objective of this study was to conduct 

an instream flow study (IFS) to assess effects of bypass flow releases on the wetted area, optimal habitat, 

and/or passage opportunities for target species in the Project bypass reaches. 
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28 Study Area 

The Rolfe Canal Project is located at river mile 2.0 of the Contoocook River upstream of its confluence 

with the Merrimack River. As noted in the preceding section, the primary study area for this instream flow 

study (IFS) includes the mainstem Rolfe Canal bypass reach (Rolfe Bypass) from York Dam downstream 

approximately 4,000 feet to its confluence with the PUF headpond. This reach drops approximately 28 

feet for an average gradient of 0.7%. Currently, Briar Hydro releases 100 cfs downstream of York Dam (or 

inflow if less) when not in spill conditions. The upper half of the Rolfe Bypass is composed of alternating 

short sections of bedrock ledge and rapids habitat and deeper pool/run habitat (Figure 3-1). The lower 

half of the bypass is predominantly composed of shallow, cobble/boulder-dominated riffle and run 

habitat. Channel widths range from 50 feet to over 150 feet. Both banks are lined with mature deciduous 

and coniferous riparian trees, with limited shrub vegetation on exposed bedrock ledges (Figure 3-2).  

The Rolfe Canal bypasses a short, narrow Historic Channel approximately 1,800 ft in length (Figure 3-1). 

The upper one-third of this Historic Channel is a deep, backwater pool habitat; the lower two-thirds is a 

narrow (~20 ft wide) low gradient channel bordered by dense riparian vegetation (Figure 3-3). The PUF 

Bypass is a steep (3%-4%), bedrock-dominated reach 250 ft in length bordered by the powerhouse and 

outlet canal on the east bank (Figures 3-1, 3-4). The PLF Bypass is a steep (3%-4%), bedrock-dominated 

reach approximately 680 ft in length bordered by a forested bank on the east and the spillway on the west 

bank (Figures 3-1, 3-5). 
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Figure 28–1. Overview of Project area showing Rolfe Bypass channel characteristics, Historic 

Channel, PUF Bypass, and PLF Bypass. 
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Figure 28–2. Example of bedrock habitat immediately below York Dam. 

 
Figure 28–3. Historic Channel Bypass reach. 
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Figure 28–4. PUF Bypass reach. 

 
Figure 28–5. PLF Bypass reach. 
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29 Methodology 

Assessing aquatic habitat among the three Project bypass areas utilized different protocols depending on 

the specific goals of the study and the characteristics of each location. For example, the Rolfe Bypass was 

mapped and assessed using a quantitative methodology, 1-Dimensional hydraulic modeling (1-D), in order 

to estimate the relationship between bypass flows and the quantity and quality of habitat for target fish 

species and life stages. More qualitative assessments were conducted in the other three bypass reaches 

due to their short lengths of bedrock-dominated habitat (PUF and PLF), or due to the small size and silt-

dominated habitat (historic channel). Qualitative passage assessments were also conducted in each of the 

four bypass reaches. 

30 Habitat Mapping 

Characterization of aquatic habitat was conducted in all four bypass reaches by walking along the bank or 

wading. The mapping data collected and the level of detail differed depending on which bypass was being 

mapped. Habitat mapping in the Rolfe Bypass was conducted in support of the quantitative instream flow 

assessment, whereas mapping in the remaining bypass reaches was more qualitative and descriptive in 

nature.  

31 Rolfe Bypass 

The Rolfe Bypass reach was mapped on September 1, 2021 under low flow conditions. The reach was 

delineated into individual mesohabitat units defined as pools, runs, riffles, or cascades (Table 4-1). 

Biologists walked or waded upstream while assessing habitat characteristics and marked the top and 

bottom of each habitat unit with a handheld GPS. Representative photographs were taken within each 

habitat unit2, and descriptive notes were recorded on channel width, substrate composition, maximum 

velocity, maximum depth characteristics, and whether the habitat unit was suitable for hosting a 1-D 

transect. Units were assessed as not suitable for 1-D modeling if they were too steep and/or hazardous 

to sample under the proposed flow regimes, or if the unit possessed large changes in water surface 

elevations that could confound modeling efforts. Most units possessed locations that were judged to be 

applicable for 1-D modeling, with the exception of cascades or high-gradient riffles. Units with prominent 

(e.g., deep or entrenched) side channels that appeared to connect at relatively low flows were not 

selected for transect placement, although many selected units contained high flow channels that were 

traversed by 1-D transects. Unit lengths based on GPS coordinates were summed according to habitat 

 
2 Digital photographs of habitat units, transect locations, passage sites, etc. for each reach will be provided upon request. 
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type to determine the percentage (by length) of each habitat type that was available within the bypass 

reach. These proportions were used to allocate the distribution and number of 1-D transects among each 

of the habitat types and within individual habitat units, and to calculate transect weighting factors in the 

System for Environmental Flow Assessment (SEFA) analysis.  
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Table 29–1. Habitat mapping data for the Rolfe Canal Bypass reach, showing 1-D transect locations 

Habitat 

Unit  

No. 

Channel 

Type 

Habitat   

Type 

Length 

(ft) 

Cumulative 

Distance 

(ft) 

Width 

(ft) 

Dominant 

Substrate 

Est Max    

Depth 

(ft) 

Est Max 

Velocity 

(fps) 

OK for 

1D  

XSEC 

(Y/N) 

Transect 

No. Notes 

1 Boulder Riffle 293 293 175 cob/bldr 2.5 3 Y 1 1 

2 Boulder Run 287 580 226 cob/bldr 2 2 Y 2   

3 Boulder Riffle 125 705 186 cob/bldr 3 3 Y 3 2 

4 Boulder Run 528 1,233 142 cob/bldr >3.5 2 Y 4   

5 Boulder Riffle 130 1,363 168 cob/bldr 2.5 2.5 N  2,3 

6 Boulder Run 497 1,860 160 cob/bldr 2.5 2 Y 5 3 

7 Bedrock Pool 202 2,062 99 bldr/bed - - Y 6 3 

8 Bedrock Run 133 2,195 42 bldr/bed >3 4 N  4 

9 Bedrock Pool 96 2,291 - bldr/bed >4 1.5 N  4 

10 Bedrock Run 123 2,414 135 bed >4 3 N  5 

11 Bedrock Pool 301 2,715 83 bldr/bed >4 0.5 Y 7 3 

12 Bedrock Run 89 2,804 63 bldr/bed >4 1.5 Y 8   

13 Bedrock Pool 313 3,117 77 cob/bldr/bed >4 2 Y 9   

14 Bedrock Riffle 141 3,258 75 bldr/bed 2 >3 ~N  6 

15 Bedrock Run 87 3,345 160 bldr/bed 2.5 1.5 ~Y  7 

16 Bedrock Pool 159 3,504 133 bed >4 - N  8 

17 Bedrock Cascade 272 3,776 - bed - - N   9 
1 lower half w midchannel island                 
2 riffles with slight increase in gradient and velocity from runs               
3 high flow channel w different WSEL along one or both banks through all or part of unit            
4 multiple bedrock channels                   
5 angular/transverse flow                   
6 may be possible to squeeze-in a transect at the very top of riffle               
7 bottom of split channel                   
8 split channel                     



Briar Hydro Associates Instream and Habitat Assessment Study

 

 
Normandeau Associates, Inc. 2022 238 

9 cascade with numerous falls                   
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32 Historic Channel 

The Historic Channel was mapped on September 2, 2021, into pool, run, riffle, and glide habitats from the 

channels outlet into the Rolfe Canal tailrace up to the bottom of the long deep pool below the Rolfe Canal 

intake structure (Figure 3-1). The mapping was conducted on foot with habitat lengths measured with a 

100 ft tape. Photographs were taken at regular intervals3. In addition to habitat type, representative 

channel widths were measured in each unit, and notes were recorded related to substrate composition, 

woody debris, riparian characteristics, and fish observations. Discharge during habitat mapping was 

measured at 5.5 cfs. 

33 PUF Bypass 

The PUF Bypass was assessed on September 2, 2021 at an estimated flow of 1.3 cfs, most of which was 

passing downstream as attraction flows associated with the upstream eel trap located on the west end of 

the spillway. Discharge from that area then flowed into the bedrock habitat via a stream channel that 

exited the west-side riparian area (Figure 4-1). Dominant substrate was assessed and wetted widths were 

measured at nine evenly spaced transects, with emphasis on refuge pool habitats (Figure 4-2). 

Photographs were taken at each location and maximum pool depths were measured where possible; 

however the large bedrock pool (Pool #2) exceeded 4 ft in depth and maximum depth was not measured. 

General characteristics of the small outflow channel through the riparian area along the west bank were 

also noted. 

34 PLF Bypass 

The PLF Bypass was mapped on September 2, 2021 at an estimated flow of 3.7 cfs. Habitat in the bypass 

was assessed in a like manner to the PUF, with overall channel widths and photographs taken at 23 evenly 

spaced transects (Figure 4-3), and refuge pool habitats assessed for maximum depth and dominant 

substrate (Figure 4-4). 

 

 
3 Digital photographs can be provided upon request. 
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Figure 29–1. Stream channel entering bedrock habitat from west-bank of PUF spillway. 

 

Figure 29–2. The PUF Bypass showing locations of width transects, pool units, outlet flows, and 

the riparian stream channel. 
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Figure 29–3. The PLF Bypass showing locations of width transects, pool units, and the passage 

outlet chute. 

 

Figure 29–4. Assessing pool characteristics in PLF Bypass. 



Briar Hydro Associates Instream and Habitat Assessment Study

 

 
Normandeau Associates, Inc. 2022 242 

35 Passage Assessment 

A qualitative assessment of passage impediments to upstream migrant river herring and American shad 

was conducted under low flow conditions in each of the four bypass reaches. Depths and mean column 

velocities were measured at the lowermost locations thought to represent a likely barrier to migrating 

fish (Figure 4-5). These measurements were compared to published passage criteria for adult alosines 

(USFWS 2019); those criteria are listed in Table 4-2. 

 

Figure 29–5. Measuring depths and velocities at potential migration barriers in the Rolfe Bypass 

reach. 

 

Table 29–2. Upstream passage criteria for river herring and American shad (USFWS 2019) 

Species Min Depth (ft) Max Velocity (fps) 

River Herring 1.0 6.0 

American Shad 2.25 8.25 
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36 1-Dimensional Hydraulic Modeling  

1-Dimensional hydraulic modeling was employed to assess the flow:habitat relationships in the Rolfe 

Bypass reach. As described above, qualitative habitat assessments were conducted in the Historic 

Channel, the PUF, and the PLF, due to the short bypass lengths and the limited availability of suitable, 

non-bedrock dominated habitat. 

37 Transect Selection 

Nine cross-sectional (XS) transects were proposed for 1-D hydraulic modeling within the Rolfe Bypass 

reach. The selected transects were distributed among pool, run, and riffle habitats roughly in proportion 

to the habitats occurrence in the bypass. Five transects were placed in the boulder channel, and four 

transects in the bedrock channel (Table 4-1). Overall, three transects were placed in pool habitats, four 

transects in run habitats, and two transects in riffle habitats (Figure 4-6). Transects were placed in order 

to be representative of the habitat they occurred in. Photographs and short video clips were recorded at 

each transect during initial selection and these files were made available to the relicensing participants 

for review. Following review, the nine proposed transects were accepted for use in the 1-D modeling4 . 

38 Target Flows 

1-D hydraulic data was proposed to be collected in the Rolfe Canal Bypass reach at three flow levels: 50 

cfs representing the low flow, 100 cfs the medium flow, and 200 cfs the high flow. Actual flows measured 

during the three data collection efforts were 60 cfs, 109 cfs, and 172 cfs. Typically a PHABSIM assessment 

can model habitat down to 50% of the low measured flow and up 250% above the high measured flow, 

which was expected to allow modeling of flows from a minimum of 25-30 cfs to a maximum of 430-500 

cfs. Actual habitat modeling did encompass flows from 25 cfs to 500 cfs at 25 cfs increments. 

39 Transect Data Collection 

Field data collection and the form of data recording followed the general guidelines established in the 

IFIM field techniques manuals (Trihey and Wegner 1981; Milhous et al. 1984; Bovee 1997). The techniques 

for measuring discharge followed guidelines outlined by the USGS (Rantz 1982). Thirty or more stations 

were established during the high flow measurement in order to ensure that a minimum of 20 wetted 

stations occurred at the lowest measured flow. The boundaries of each station along each transect were 

 
4 Email to Briar Hydro dated October 6, 2021 from Gregg Comstock at NHDES and email dated October 7, 2021 from Ken Hogan 
at USFWS. 
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normally at even increments, but significant changes in velocity, substrate, depth, or other important 

stream habitat features dictated additional or modified stationing. 

The standard method for determining mean column velocity along the transects used a single 

measurement at six-tenths of the water depth in depths less than 2.5 feet, and a two-tenths and eight-

tenths measurement for depths between 2.5 feet and four feet. All three points were measured where 

depths exceeded four feet, or the velocity distribution in the water column was abnormal and one or two 

points were not adequate to derive an accurate mean column water velocity. For transects that could be 

safely waded, top setting wading rods were used in water up to four feet deep. For transects too deep or 

unsafe for wading (the upper two bedrock pools), a tethered Acoustic Doppler Current Profiler (ADCP) 

was used to collect velocity and bottom profile data. Complete velocity profiles were acquired at the low 

flow level, with water surface elevations and associated discharge measurements made at all three (high, 

middle, and low) target flows.  
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Figure 29–6. Habitat map of Rolfe Bypass reach showing habitat types and locations of 1-D 

transects (XS). 
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40 Substrate Coding 

Dominant substrate type was assessed at measurement stations along each transect under middle flow 

conditions. The specific substrate code used was designed to match the code used in the Habitat 

Suitability Criteria (HSC) datasets. See Section 4.3.6 for substrate definitions and Appendix A for study 

HSC. 

41 Model Development 

Hydraulic habitat modeling for habitat assessment was independently developed by the Instream Flow 

Group of the U.S. Fish and Wildlife Service (now U.S. Geological Survey, Aquatic Systems and Technology 

Applications Group, Fort Collins Science Center) and by Ian Jowett of the National Atmospheric and Water 

Institute in New Zealand. PHABSIM and RHYHABSIM, respectively, calculate a habitat index by simulating 

water depths and velocities along 1-D transects, recording substrate and cover at all measurement points 

and linking the results to HSC for target species. The System for Environmental Flow Analysis (SEFA) was 

subsequently developed by Ian Jowett, Robert Milhous (of the Instream Flow Group), Thomas Payne, and 

(Spanish translation) Juan Manuel Diez Hernandez, which incorporated analytical procedures from 

PHABSIM and RHYHABSIM as well as several new procedures. SEFA version 1.5 build 7 was used for 

hydraulic model calibration and to generate the flow:habitat relationships described in this study.   

Stage-Discharge Calibration 

Stage-discharge relationships for all 1-D transects were developed from measured discharge and water 

surface elevations using a Stage-of-Zero-Flow (SZF) log/log regression rating formula using the SEFA 

default method of fitting the rating curve through the survey flow (i.e., the velocity accusation flow). The 

SZF method requires a minimum of three sets of stage-discharge measurements and an estimate of SZF 

for each transect. The quality of the SZF rating relationships was evaluated by examination of mean error 

(less than 10%), coefficient of determination (R2) and slope output (generally between 2.0 and 5.0 and 

similar between transects) from the rating curves (Bovee and Milhous 1978). The SZF is the bottom 

elevation measured downstream of a transect that would control the water surface elevation if flow 

dropped to zero (assuming no percolation). It was used as a fourth point in the rating curve to reflect the 

water surface at zero flow. 

Velocity Calibration 

A 1-D model represents a stream by means of vertical slices (transects) across the channel. Depths are 

simulated with the rise and fall of a single, level (in most cases) water surface. The preferred method for 

simulating water velocities is the “one-flow” option, which uses a single set of measured velocities to 
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predict individual station or vertical velocities over a range of flows. Simulated velocities are based on 

measured data and a relationship between a fixed roughness coefficient (Manning’s n) derived from the 

measured velocities and depth. In some cases calibration roughness values were modified for individual 

verticals if substantial velocity errors are noted at simulated flows. Predicted velocities were examined to 

detect any significant and unrealistic deviations and determine if velocities remained consistent with stage 

and total discharge.  

Habitat Suitability Modeling 

Combining the hydraulic and HSC components generates the habitat suitability index, historically termed 

Weighted Usable Area (WUA) but in this report more accurately termed Area Weighted Suitability (AWS). 

Unlike hydraulic modeling and calibration, there are a limited number of decisions to make prior to AWS 

production runs. Transects are weighted according to the percentage of habitat types present in the 

reach. The range of flows modeled (and specific flows within that range) was determined largely by the 

suitability of the hydraulic data for extrapolation and the range of flows of interest. This 1-D analysis 

modeled a range of flows from 25 cfs to 500 cfs in 25 cfs increments. The standard option of multiplying 

individual variable suitabilities (velocity*depth* substrate/cover) for each transect station was used to 

calculate AWS.   

42 Habitat Suitability Criteria 

Per the revised study plan, Normandeau distributed a list of proposed target species and associated HSC 

to the relicensing participants on September 9, 20225. Appendix A provides all HSC values and associated 

curves. The target species and life-stages selected to assess aquatic habitat in the Rolfe Bypass 1-D analysis 

are:  

• Smallmouth bass (fry, juvenile, adult, spawning) 

• Fallfish (fry, juvenile, adult, spawning) 

• White sucker (fry, juvenile/adult, spawning) 

• Longnose Dace (juvenile, adult) 

• Benthic Macro-invertebrates (BMI) 

The rearing and spawning life-stage HSC for all species utilized the classification listed below for describing 

the dominant substrate type: 

 
5 Distributed via email sent by Mark Allen (Normandeau) with attached 20210921_Briar Hydro Instream Flow Study – Mapping 
Memo.docx 
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• Organics (ORG) 

• Mud/Clay (MUD) 

• Silt (SLT) (<0.002 inches) 

• Sand (SND) (0.002-0.1 inches) 

• Gravel (GRV) (0.1-2.5 inches) 

• Cobble (COB) (2.5-10 inches) 

• Boulder (BLD) (>10 inches) 

• Bedrock (BED) 

43 Quality Control 

To assure quality control in the collection of field data for the instream flow study, the following data 

collection procedures and protocols were implemented: 

• Staff gauges were established and continually monitored throughout the course of collecting data 

on each transect. If significant changes occurred, water surface elevations were re-measured 

following collection of transect water velocity measurements.  

• Hach FH950 electromagnetic current meters were used in the collection of velocity data in 

wadable areas, with an RDI 1200 kHz Rio Grande ADCP deployed in deep pool habitats.  

• Meters were continually monitored during the daily course of data collection to ensure that they 

were functioning properly.  

• An independent benchmark was established for each set of transects. This benchmark was an 

immovable tree, boulder, or other naturally occurring object that would not be subject to 

tampering, vandalism, or movement. Upon establishment of headpin and tailpin elevations, a 

level loop was shot to check the auto-level for measurement accuracy. Allowable error tolerances 

on level loops are set at 0.02 feet. This tolerance was also applicable to both headpin and tailpin 

measurements, unless extenuating circumstances (pins under sloped banks, shots through dense 

foliage, etc.) explain discrepancies and the accompanying headpin or tailpin was free of excessive 

error.  

• Multiple water surface elevations were measured across each transect. The more complex and 

uneven the transect water surface, the greater the number of measurement locations. For 

example, a riffle transect typically required more frequent water surface measurements, while a 
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pool transect required fewer. Water surface elevation measurements at each calibration flow 

were made at the same location across each transect.  

• All pin elevations and water surface elevations were calculated during field measurement and 

compared to previous measurements. Changes in stage since the previous flow measurement 

were also calculated. Patterns of stage change were compared between transects to determine if 

reasonable. If any discrepancies were discovered, potential sources of error were explored and 

noted.  

• All calculations were completed in the field (given adequate time and daylight). Pin elevations and 

changes in water surface elevations were compared between flows on the same transects. With 

few exceptions, no more than 10% of total discharge was measured in any individual station.  

• Photographs were taken of all transects looking across the transect, upstream of the transect, and 

downstream of the transect, under each flow regime. Attempts were made to shoot each 

photograph from the same location at each of the three levels of flow. These photographs 

recorded the streamflow conditions (including velocity and depth), water surface levels, and 

channel configurations that may have needed confirmation during hydraulic model calibration. 

44 Results 

Following are the results from the 1-D hydraulic modeling in the Rolfe Bypass reach and the qualitative 

habitat assessments in the Historic Channel, the PUF Bypass, and the PLF Bypass. Also described are fish 

passage measurements collected in each of the four bypass reaches. 

45 1-Dimensional Hydraulic Modeling  

The relationship between bypass flow and instream habitat quantity and quality in the Rolfe Bypass reach 

was assessed using 1-Dimensional hydraulic modeling, as provided in the SEFA software package. 

Evaluation of the hydraulic model, including the fit of stage-discharge relationships, and the steps taken 

during model calibration, are presented followed by the AWS curves for each target species and life-stage. 

46 1-D Model Calibration  

One pool transect, #7, was dropped from the study due to incomplete bottom and velocity profiles. Depth 

and velocity data collected by the ADCP were not detailed enough to produce an adequate hydraulic 

model. Although ADCP’s are often used for data collection, they do have limitations under certain 

circumstances such as abrupt changes in depth (vertical drops) and water turbulence. Since three pool 
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transects were originally selected for modeling, it was assumed the loss of this single location had a limited 

effect on habitat modeling results.  

Stage-Discharge Relationships 

Three calibration flows, 59.95 cfs (velocity acquisition), 108.7 cfs, 172.3 cfs and associated water levels 

(WSE) were measured to calculate stage-discharge relationships. In all cases mean error and coefficient 

of determination (R2) were well within normal parameters (Table 5-1). Because each transect was 

measured independent of others, there was no corresponding relationship to measured WSE or SZF. 

Velocity Calibration 

Velocity acquisition occurred at a lower flow level than anticipated (59.9 versus 172 cfs). Generally higher 

flow levels allow for velocity data to be collected in areas that may be dry at lower flows, allowing for 

more accurate velocity simulation. However, due to relatively steep banks in the study reach the ability 

to collect complete velocity measurements across transects was not an issue. Normandeau field staff did 

collect additional velocity measurements at bank side locations under the high flow (172 cfs) condition. 

In a few instances velocity calibration required adjusting individual point manning’s N values to produce 

realistic velocities at high simulation flows. For example, a velocity of over 8.0 fps at 400 cfs was estimated 

for a point on riffle T3 which appeared to be an anomaly compared to other point simulations. In the case 

of pool T6, photos from high flow were used to confirm that a backwater area on the left bank would 

retain relatively low velocities at higher simulation flows. The general spikiness of velocity profiles for 

most transects was a function of dominant boulder and bedrock substrate in the reach, creating velocity 

chutes adjacent to and over boulders, and quiet areas behind. Transect bottom profiles with predicted 

velocities and WSE over a range of flows are presented in Appendix B. 

Table 44–1. Rating curve statistics for transects. Mean error (%) and coefficient of determination 

(R2) show the goodness of fit of the rating to the gagings 

  

Cross 

Section 

Survey 

Flow 
Calibration Flows SZF rating 

WSE (ft) WSE (ft) WSE (ft) exp A SZF R2 
Mean 

error 

T1- Riffle 99.03 99.19 99.30 5.470 14.273 97.73 0.996 2.128 

T2 - Run 98.88 99.10 99.22 4.628 12.633 97.48 0.984 4.402 

T3 - Riffle 98.13 98.36 98.47 6.048 1.236 96.23 0.977 5.304 

T4 - Run 97.67 97.90 97.99 5.691 2.831 95.96 0.960 6.913 

T5 - Run 97.96 98.28 98.48 4.512 2.351 95.91 0.992 3.209 

T6 - Pool 98.29 98.62 98.75 4.797 1.961 96.25 0.959 6.980 



Briar Hydro Associates Instream and Habitat Assessment Study

 

 
Normandeau Associates, Inc. 2022 251 

T8 - Run 94.67 95.07 95.35 4.457 0.834 92.06 0.996 2.159 

T9 - Pool 95.79 96.32 96.68 5.762 0.010 91.25 0.996 2.198 
Rating Formula: Flow = A x (WSE - SZF )exp. Fitted through survey stage and flow with best fit to rating calibration stages and 

flows, and SZF. 

The mean error in Q is the average percentage absolute error in predicted and rating calibration discharges as a % of the rating 

calibration discharges. 

The coefficient of determination is derived by comparing measured and predicted stages. 

47 Area-Weighted Suitability Results 

Estimated AWS values ranged from a minimum of 1.1 ft2/ft for white sucker spawning at 25 cfs to a 

maximum of 68.9 ft2/ft for BMI at 500 cfs (Table 5-2). AWS peaked at the maximum simulated flow (500 

cfs) for nine of the 14 target species/life-stages, with the remaining five species/life-stages maximizing 

habitat as flows from 50 cfs to 350 cfs. For comparison, 80% of the maximum AWS occurred at flows of 

250 cfs or less for 12 of the 14 species/life-stages, and eight species/life-stages showed 90% of maximum 

AWS at flows of 250 cfs or less. Figure 5-1 and Figure 5-2 show the percentage of maximum AWS according 

to flow for each of the target species and life-stages. 
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Table 44–2. AWS values (ft2/ft) by flow and species/life-stage1; values representing maximum AWS are bold with yellow highlight, 

blue highlighted values show flows achieving at least 80% of maximum AWS 

Flow 

(cfs) 

SMB  

fry 

SMB 

juv 

SMB 

adult 

SMB 

spawn 

FF    

fry 

FF      

juv 

FF   

adult 

FF 

spawn 

SKR   

fry 

SKR 

juv /  

adult 

SKR 

spawn 

Dace 

juv 

Dace 

adult 
BMI 

25 35.9 14.1 6.7 0.4 6.0 11.2 18.0 0.5 61.6 15.0 0.1 13.7 18.3 1.3 

50 42.9 21.3 10.0 0.7 8.9 17.5 25.1 0.6 65.8 19.9 0.1 22.9 31.7 6.9 

75 43.2 26.4 11.8 0.9 10.1 22.9 29.1 0.9 65.7 21.6 0.2 29.0 41.4 14.9 

100 42.9 30.4 12.9 1.2 10.5 27.6 31.6 1.1 65.3 22.2 0.2 32.8 48.2 22.9 

125 42.7 33.7 13.8 1.4 10.7 31.7 33.2 1.3 64.8 22.6 0.3 35.1 53.1 30.0 

150 43.0 36.4 14.6 1.5 10.8 35.0 34.4 1.4 64.2 23.0 0.3 36.3 56.8 35.7 

175 43.5 38.4 15.1 1.7 10.8 37.6 35.4 1.4 63.6 23.4 0.3 36.7 59.4 40.5 

200 44.0 40.0 15.5 1.8 10.9 39.7 36.2 1.4 62.8 23.8 0.3 36.7 61.3 44.6 

225 44.5 41.3 15.9 2.0 10.9 41.3 36.8 1.5 62.0 24.2 0.3 36.4 62.4 48.1 

250 44.9 42.4 16.3 2.1 10.8 42.6 37.3 1.5 61.2 24.5 0.3 35.9 63.2 51.1 

275 45.2 43.3 16.6 2.3 10.8 43.6 37.6 1.6 60.3 24.9 0.3 35.4 63.6 53.8 

300 45.4 44.1 17.0 2.4 10.7 44.3 37.9 1.6 59.2 25.2 0.4 34.8 63.8 56.3 

325 45.5 44.8 17.4 2.5 10.7 44.9 38.1 1.7 58.1 25.6 0.4 34.3 63.7 58.4 

350 45.5 45.4 17.8 2.7 10.6 45.5 38.3 1.7 56.9 25.9 0.4 33.6 63.5 60.4 

375 45.5 45.9 18.1 2.8 10.5 45.8 38.4 1.7 55.6 26.2 0.4 32.9 63.2 62.2 

400 45.4 46.4 18.4 2.9 10.4 46.1 38.5 1.8 54.3 26.5 0.4 32.3 62.8 63.7 

425 45.3 46.8 18.8 3.1 10.2 46.3 38.6 1.8 53.0 26.7 0.4 31.6 62.4 65.2 

450 45.1 47.2 19.1 3.2 10.1 46.4 38.6 1.8 51.8 26.8 0.4 31.0 62.0 66.5 

475 44.8 47.6 19.4 3.3 10.0 46.5 38.7 1.8 50.5 26.9 0.4 30.4 61.5 67.8 

500 44.5 47.9 19.7 3.4 9.9 46.6 38.7 1.9 49.4 26.9 0.4 29.9 61.1 68.9 
1 Species: SMB=smallmouth bass, FF=fallfish, SKR=white sucker, Dace=longnose dace, BMI=benthic macroinvertebrates. 
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Figure 44–1. Percent of maximum AWS according to flow for life-stages of smallmouth bass 

(upper figure) and fallfish (lower figure). 
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Figure 44–2. Percent of maximum AWS according to flow for life-stages of white sucker (upper 

figure) and longnose dace or BMI (lower figure). 
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Smallmouth bass showed increasing AWS with flow for all life-stages (Figure 5-1, upper), although the fry 

life-stage had an initial plateau at 50 cfs with a gradual increase in AWS at flows over 200 cfs. Habitat for 

juvenile and adult smallmouth bass increased rapidly at flows up to 200 cfs then increased more gradually 

to the maximum modeled flow of 500 cfs. Fallfish fry likewise showed more defined maxima at about 150 

cfs, with near peak AWS at 250 cfs for the juvenile and adult life-stages. Similar to bass, fallfish spawning 

AWS continued to increase with higher flows after an inflection point of 70% of maximum AWS at 150 cfs 

(Figure 5-1, lower). AWS curves for white sucker showed inflection points at 70% and 80% of maximum 

AWS at 150 cfs and 75 cfs for juvenile/adult fish and for spawning, respectively. Similar to bass and fallfish, 

white sucker fry showed maximum AWS under low flows (Figure 5-2, upper). Longnose dace AWS peaked 

at 175 cfs for juveniles and 275 for adults, whereas AWS for BMI was near zero at 25 cfs and continued to 

increase to the maximum modeled flow of 500 cfs (Figure 5-2, lower). 

The relatively low AWS values shown in Table 5-2 were due in part to the dominance of bedrock substrate 

in the upper half of the Bypass reach. For most species the assumed suitability of bedrock substrate was 

0.5 or less, with zero suitability for several life-stages including smallmouth bass spawning; fallfish fry, 

juvenile, and spawning; longnose dace juvenile and adult; and white sucker spawning (Appendix A). 

Consequently, many of the transect points in the upper reach were estimated to contribute zero or 

minimal suitable habitat due to the bedrock substrate. Although bedrock substrate is clearly of minimal 

value for spawning among the target species, the relative importance of bedrock (or any substrate type) 

for rearing life-stages is more ambiguous; consequently a comparison of non-spawning AWS results with 

and without the inclusion of substrate HSC can be informative.  

In the Rolfe Bypass reach, AWS values for the non-spawning life-stages were generally similar (e.g., within 

10%-40%) with or without the application of substrate HSC, except for fallfish fry which showed much less 

habitat when substrate was incorporated. Although the inclusion or exclusion of substrate HSC had an 

effect on the magnitude of AWS for rearing among some species, the substrate variable had minimal 

effect on the shape of the AWS curves (i.e., the peak locations) for the non-spawning life-stages. Overall, 

when assuming equal importance for all species and life-stages, the average percent AWS for all 14 species 

and life-stages combined with substrate included reveals that 70%, 80%, and 90% of maximum AWS was 

provided by bypass flows of approximately 98 cfs, 150 cfs, and 275 cfs, respectively (Figure 5-3).  
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Figure 44–3. Average percent of maximum AWS according to flow for all species and life-stages 

combined, including substrate HSC. Flows approximating 70%, 80%, and 90% of 

maximum AWS are shown. 
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48 Qualitative Habitat Assessments 

Qualitative assessments of habitat availability and suitability were conducted in the Historic Channel, PUF, 

and PLF bypass reaches. 

49 Historic Channel 

The Historic Channel (Figure 3-1) was mapped on September 2, 2021 at a flow of approximately 5.5 cfs 

(the year-round flow). The Historic Channel was mapped for 1,112 ft into pool, run, and riffle habitats, 

including unit lengths and widths, mean channel thalweg depths, and dominant/subdominant substrate. 

Mapping concluded at a beaver dam that led into a long (670 ft) deep pool extending upstream to the 

canal dam.  

Excluding the long upper pool, 18 habitat units were mapped averaging 62 ft in length and 23 ft in wetted 

width with thalweg depths averaging 0.6 to 1.8 ft (Table 5-3). Habitat type proportions (by length) were 

66% run, 18% pool, and 16% riffle. Substrate was dominated by fines (silt and sand) in 11 of the 18 units, 

with 7 units (mostly riffles) dominated by cobbles or boulders. All units contained various amounts of silt, 

which were ankle to shin-deep in pools, slow runs, and on the grassy bars that extending along much of 

the banks (Figure 5-4). Woody debris was present in five units as well as the beaver dam at the head of 

the mapped channel. Unlike the PUF and PLF bypass reaches, fish were regularly observed in the Historic 

Channel. Although not captured and verified, the fish appeared to be cyprinids or juvenile suckers. 

Representative photos show aquatic habitat, riparian habitat, and substrate characteristics; these photos 

were made available to the agencies via a Normandeau ftp site6. 

  

 
6 Email sent to agencies notifying ftp site availability on September 22, 2021 
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Table 44–3. Habitat mapping data for the Historic Channel Bypass reach 

Habitat 

Unit  

No. 

Habitat   

Type 

Length 

(ft) 

Cumulative 

Distance 

(ft) Width (ft) 

Thalweg 

Depth (ft) 

Dominant 

Substrate 

Sub- 

Dominant 

Substrate 

1 RN 40 40 13.5 1.0 BLDR FINES 

2 RF 78 118 12 0.8 BLDR COB 

3 RN 33 151 18.5 1.1 COB FINES 

4 PL 22 173 30 1.2 FINES FINES 

5 RN 53 226 24 1.2 FINES BLDR 

6 RF 44 270 30 0.7 COB FINES 

7 RN 66 336 24 1.1 FINES BLDR 

8 RF 37 373 22 0.6 BLDR COB 

9 RN 35 408 18 1.1 BLDR FINES 

10 RF 20 428 26 1.0 BLDR COB 

11 RN 64 492 30 1.2 FINES BLDR 

12 RN 111 603 38 1.1 FINES FINES 

13 PL 134 737 50 0.9 FINES BLDR 

14 RN 185 922 12 1.2 FINES LWD 

15 PL 17 939 33 1.6 FINES LWD 

16 RN 102 1,041 9.5 1.2 FINES FINES 

17 PL 22 1,063 7 1.8 FINES LWD 

18 RN 79 1,142 8 1.1 FINES FINES 

19 PL 670 1 1,812 55 1 - - - 
1 not surveyed, length and width estimated from aerial imagery       
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Figure 44–4. Representative photo of the Historic Channel, showing silt substrate, emergent 

vegetation, woody debris, and riparian canopy. 

50 PUF Bypass 

The PUF assessment was conducted on September 2nd, 2021, with an estimated bypass (leakage) flow of 

approximately 1.3 cfs. The substrate throughout most of the bypass, with the exception of the riparian 

zone in the southwest corner, was largely dominated by bedrock, with some boulders in pool areas and 

at the outlet (Figure 4-2). 

Table 5-4 lists the bankfull widths (top of bedrock to top of bedrock, excluding power outlet backwaters), 

pool widths, as well as pool depths and lengths. A dominant feature of the PUF Bypass was a large (almost 

10,000 ft2) bedrock pool that exited directly into the mainstem Contoocook River. Depths and velocities 

measured at the bypass’s main pool outlet ranged from 0.1 to 0.3 ft deep and 1.37 to 3.96 fps. Although 

depths were well below passage criteria, it appeared that a relatively minor increase in water surface 

elevation (~1.5-2 ft) in the powerhouse outlet channel would inundate the bypass pool outlet, thereby 

allowing fish to enter the main pool. Maximum depth in the main bypass pool was not measured, however 

it appears that the depth and size of the main pool could provide refuge for fish under all but the highest 

spill flows. 
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The small stream formed from dam leakage along the west bank extended approximately 78 ft with a 

channel 4-6 ft wide and 0.6 to 0.9 ft in depth, with 70% fines dominating the substrate (Figure 5-5). The 

moderate flow (<2 cfs), water depths, and riparian cover suggests the stream could support cyprinids and 

juvenile fish of other species, although no fish were observed during the site visit in the stream or in any 

of the pools. The presence of thick riparian vegetation also suggests that this portion of the bypass does 

not get scoured during spill events. 

Table 44–4. Pool and outlet characteristics in the PUF Bypass reach 

Transect 

No. 

Pool 

No. 

Bankfull 

Width 

(ft) 

Pool 

Width 

(ft) 

Pool 

Length 

(ft) 

Max 

Depth 

(ft) Photo 

547 1 135 - - 2.2 PUF PL 1 

548 2 105 72 123 >4 PUF PL 2a 

549 2 135 96   PUF PL 2b 

550 2 171 96   PUF PL 2c 

551 2 156 69   PUF PL 2d 

552 2 147 66   PUF PL 2e 

553 2 132 84   PUF PL 2f 

554 outlet 117 - - - PUF outlet a 

555 outlet 93 - - - PUF outlet b 

- 3 - 25 5 >4 PUF PL 3 

- 4 - 20 12 2.3 PUF PL 4 

- 5 - 87 32 >4 PUF PL 5 
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Figure 44–5. Small stream channel below PUF dam. 

51 PLF Bypass 

In like manner to the PUF, data recorded in the PLF Bypass focused on bankfull widths, refuge pool depths, 

substrate composition, and passage impediments (Figure 4-3). The PLF Bypass reach was surveyed on 

September 2, 2021, at a leakage flow of approximately 3.7 cfs. Total (~bankfull) widths were measured at 

23 cross-sections (Table 5-5), most of which were aligned to cross over bedrock pools which were 

measured for maximum depth. The dominate substrate was bedrock at all transects except the uppermost 

transect in the north split channel, which was largely cobble and boulder. Boulder substrate, and to a 

lesser extent cobble substrate, was present on just over one-half of the transects.  

Maximum pool depths ranged from 0.6 ft to 4.5 ft (or greater), although mean maximum depth was 

approximately 2.7 ft, thus it is unlikely that habitat is sufficient to allow most fish species to persist in the 

pool habitats under periods of significant spill. Although other pool dimensions were not measured, most 

pools were less than 20 ft in width or length, and wetted widths in between pools were typically less than 

10 ft in width. 

Table 44–5. Pool and transect characteristics in the PLF Bypass reach 
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Transect 

No. 

Bankfull 

Width 

(ft) 

Pool  

No. 

Max 

Depth 

(ft) 

Dominant 

Substrate Photo 

524 65 1 2.9 bed PLF PL524 

525 129 2 3.1 bed/bldr PLF PL525 

526 131 3 2.9 bed PLF PL526 

527 126 4 4.5 bed PLF PL527 

528 120 5 >4 bed PLF PL528 

529 122 - - bed/bldr - 

530 117 - - bed/bldr/cob - 

531 118 6 2.5 bed/bldr/cob PLF PL531 

532 48 7 3 bed/bldr PLF PL532 

533 61 - - bed - 

534 38 8 1.8 bed PLF PL534 

535 24 - - bed - 

536 18 - - cob/bldr - 

537 82 9 0.6 bed/bldr PLF PL537 

538 66 10 1.7 bed/bldr PLF PL538 

539 62 11 1.5 bed/bldr PLF PL539 

540 72 - - bed/bldr - 

541 101 12 1.7 bed/bldr PLF PL541 

542 105 13 2.3 bed/bldr PLF PL542 

543 99 13 1.8 bed/bldr PLF PL543 

544 77 - - bed/bldr - 

545 99 14 4.5 bed PLF PL545 

546 118 14 3.2 bed PLF PL546 

 

52 Passage Assessment 

53 Rolfe Bypass 

Impediments to upstream passage by adult river herring and American shad in the Rolfe Bypass reach 

were not observed until the cascade habitat immediately below the York Dam (Figure 5-6). Passage data 

was collected at eight locations mostly along the downstream lip of the bedrock cascade/falls (Figure 5-

7) at the mapping flow of approximately 60 cfs. Passage channel width, depth, and velocity data are 

presented in Table 5-6. 

 

Results from the passage measurements illustrate that few locations met passage criteria for either 

herring or shad, except for the channel along the northwest bank, which leads up to the face of the dam. 

Fish movement from the north channel towards the southeast bank is prohibited by the bedrock drop, 
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which extends diagonally from the southeast bank to the dam face adjacent to the north channel. 

Although passage depths would become more favorable at higher flows, velocities along the bedrock drop 

would be expected to exceed the passage criteria, whereas the lower gradient north channel may remain 

passable at higher flows (Figure 5-8). 

Table 44–6. Fish passage measurements in the Rolfe Canal Bypass reach at 60 cfs. Numbers in 

red do not meet species passage criteria 

Channel 

No. Waypoint 

Depth 

(ft) 

Velocity 

(fps) 

Width 

(ft) 

Length 

(ft) 

Photo 

No. Notes 

1 517 0.2 5.50 6.0 30 517a 1 south side chutes 

"  0.5 4.80 "     

2 518 0.6 1.25 1.5 7 518a   

"  0.3 3.68 "     

3 519 0.5 9.15 2.5 25 519a   

"  0.5 7.30 "     

"  0.5 4.50 4.0     

"  0.7 4.00 "     

"  0.7 1.87 "     

4 520 0.9 3.90 "  520a   

5   0.5 5.00 1.5 10 520b   

5 521 2.0 4.50 3.0 16 521a 

2 north side, main 

chute 

6 - 2.6 2.90 5.0 12    

7 - 0.5 1.50 8.0 8    

8 - 0.5 2.75 10.0 10 N side a far bank-lower gradient 

"  0.5 3.30 " "    

9 - 0.2 1.30 8.0 5    

10 - 0.6 0.65 6.0 8    

"  1.0 2.14      

"  2.0 -   N side b 3 top main chute 

"   0.6 3.50         
1 did not measure vertical falls-assumed impassable 

2 much of north channel generally appeared passable up to face of dam (pics N side a, N side b) 

3 cross-over from north side channel to south side channels or dam face appeared difficult (pics 520a, 520b)  
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Figure 44–6. Terminal bedrock cascade immediately below York Dam. 

 

Figure 44–7. Approximate locations of passage measurements in the terminal bedrock. 
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Figure 44–8. North channel showing possible passage routes to face of dam. 

54 Historic Channel 

Passage into the Historic Channel from the Rolfe Canal tailrace is effectively prevented by a concrete sill 

producing a 3.5 ft vertical drop into the tailrace (Figure 5-9). No other impediments to upstream migration 

were observed in the channel, with the possible exception of the beaver dam at the upstream end of the 

mapped channel as well as the upstream dam. 

55 PUF Bypass 

Upstream passage into the large bedrock pool in the PUF Bypass appeared somewhat limiting at low flow 

due to shallow depths at the bedrock pools primary outlet; however at higher flows fish passage into the 

pool via the main outlet by adult alosines appeared favorable. 

56 PLF Bypass 

The most limiting passage location in the PLF Bypass occurred at the steep whitewater chute at the very 

bottom of the bypass (Figure 5-10). The chute was approximately 10 ft in length with a vertical drop of 

approximately six ft. Depths ranged from 0.25 ft to 0.6 ft with velocities of 1.59 fps to 4.56 fps. Although 

chute depths would increase with spill flows the velocities are likely to quickly exceed the passage limits 

for shad and river herring, thus upstream passage into the PLF Bypass reach appeared unlikely. 
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Figure 44–9. Concrete sill where Historic Channel drops into Rolfe power canal. 

 

Figure 44–10. Passage chute at bottom of PLF Bypass. 
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57 Summary 

The 3,800 ft long Rolfe Bypass reach was mapped and found to contain 28% pool habitat (by length), 46% 

run habitat, 18% riffle habitat, and 7% cascade habitat. Nine 1-D transects were distributed among 

habitats roughly proportional to availability. The hydraulic data collected at transects under low (60 cfs), 

middle (109 cfs), and high (172 cfs) flows were combined with habitat suitability criteria for four target 

fish species (and BMI) and their associated life-stages, to produce flow:habitat relationships. These 

relationships, or Area Weighted Suitability (AWS), were estimated for each species and life-stage over a 

range of discharges from 25 cfs to 500 cfs.  

As expected, the relationships between flow and aquatic habitat in the Rolfe Bypass reach varied among 

species and life-stages, with most fry life-stages showing highest AWS at relatively low flows (50-100 cfs) 

compared to adult or spawning life-stages that generally approached peak AWS at flows over 300 cfs. 

AWS peaked at the maximum simulated flow (500 cfs) for nine of the 14 target species/life-stages, with 

the remaining five species/life-stages maximizing habitat as flows from 50 cfs to 350 cfs. For comparison, 

80% of the maximum AWS occurred at flows of 250 cfs or less for 12 of the 14 species/life-stages, and 

eight species/life-stages showed 90% of maximum AWS at flows of 250 cfs or less. After averaging the 

percent AWS for all 14 species and life-stages combined, 70%, 80%, and 90% of maximum AWS was 

provided by bypass flows of approximately 98 cfs, 150 cfs, and 275 cfs, respectively. The low magnitude 

of AWS for spawning among the target species (<5 ft2/ft) was largely due to the abundance of unsuitable 

bedrock substrate in the upper half of the Rolfe Bypass reach. 

Upstream passage through the Rolfe Bypass by adult river herring or American shad appeared unhindered 

until reaching the cascade habitat immediately below York Dam. A likely passage route to the face of the 

dam appeared available along the northwest side of the river channel, but access to the dam along the 

southeast side did not appear feasible due to the bedrock drop, shallow depths, and high velocities. 

Habitats within the Historic Channel were mapped along 1,112 ft of stream channel, where 17% of habitat 

units were pools, 67% were runs, and 16% were riffles. Under the bypass flow of 5.5 cfs, habitat units in 

the Historic Channel averaged 62 ft in length and 23 ft in width. A range of substrate types were present 

but the channel was heavily dominated by a thick layer of fine sediments. Juvenile fish were observed in 

the Historic Channel, likely due to passage over the upstream dam, or spawning by small cyprinid species, 

but immigration from downstream sources was prevented by a 3.5 ft vertical drop into the Rolfe 

powerhouse tailrace. 
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The PUF Bypass is relatively short (~250 ft) and dominated by a large (123 ft by 81 ft) bedrock pool of 

unknown depth (but >4 ft). Four other smaller pools with maximum depths from 2.2 ft to over 4 ft were 

also present, as well as a small stream channel 4-6 ft in width and 78 ft long that flowed from the base of 

the dam at its southwest corner through a vegetated area into the bedrock habitat. Passage from the 

powerhouse tailrace and downstream habitat into the large bedrock pool appeared suitable for adult 

alosines under a range of bypass flows. Most of the flow exiting the bedrock pool into the tailrace area 

(1.3 cfs) appeared to originate from the small stream. The large bedrock pool and the riparian stream 

channel appeared to offer refuge to fish from higher flows through the bypass. 

The PLF Bypass reach is a 680 ft bedrock pool-cascade feature that averaged 87 ft in bankfull width. Under 

the leakage flow of 5.5 cfs, 14 pools averaging 10-20 ft in width had maximum depths of 0.6 ft to over 4 

ft, with an average of 2.5 ft. Few pools appeared to offer refuge to fish under a spill flow regime. Also, a 

long, steep chute with shallow depths and high velocities appeared to offer a formidable challenge to 

upstream migrant river herring and American shad. 

58 Variances from Approved Study Plan 

The following variances from the methodology originally specified in the revised study plan or in 

subsequent consultation with the resource agencies occurred.  

• Velocity acquisition occurred at a lower flow level than anticipated (59.9 versus 172 cfs). However, 

due to relatively steep banks in the study reach the ability to collect complete velocity 

measurements across transects was not an issue. Normandeau field staff also collected additional 

velocity measurements at bank side locations under the high flow (172 cfs) condition. 

• Pool transect 7 was dropped from the study due to incomplete bottom and velocity profiles. 

Depth and velocity data collected by the ADCP were not detailed enough to produce an adequate 

hydraulic model for that transect. Since three pool transects were originally selected for modeling, 

it was assumed the loss of this single location had a limited effect on habitat modeling results. 

• Upstream passage measurements were only collected at one flow (60 cfs). Velocities would not 

allow safe measurements at the high flow (172 cfs), and the north channel appeared to remain 

passable at the middle flow (109 cfs). 
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Table A-1. HSC for target species and life stages. 

Species 

Life-

stage 

Velocity 

(fps) HSC 

Depth 

(ft) HSC Substrate HSC Source 

Smallmouth Fry 0.00 0.60 0.00 0.00 Organics 0.10 Leonard et al. 1986 

Bass 
 

0.19 1.00 0.28 0.06 Mud/clay 0.10   

  
 

0.59 1.00 1.31 1.00 Silt 0.10   

  
 

1.00 0.00 2.95 1.00 Sand 0.20   

  
   

3.25 0.95 Gravel 0.30   

  
   

4.59 0.40 Cobble 1.00   

  
   

6.56 0.00 Boulder 1.00   

        10.00 0.00 Bedrock 0.50   

Smallmouth Juvenile 0.00 0.30 0.00 0.00 Organics 0.10 

Groshens and Orth 

1994 (V), Leonard et 

al. 1986 (D,S) 

Bass 
 

0.17 0.66 0.52 0.00 Mud/clay 0.10   

  
 

0.33 0.90 0.67 0.03 Silt 0.10   

  
 

0.50 0.93 2.15 1.00 Sand 0.20   

  
 

0.66 1.00 10.00 1.00 Gravel 0.30   

  
 

0.83 1.00 
  

Cobble 1.00   

  
 

0.98 0.93 
  

Boulder 1.00   

  
 

1.15 0.87 
  

Bedrock 0.50   

  
 

1.31 0.84 
    

  

  
 

1.47 0.77 
    

  

  
 

1.64 0.70 
    

  

  
 

1.81 0.62 
    

  

  
 

1.98 0.47 
    

  

  
 

2.30 0.27 
    

  

  
 

2.62 0.17 
    

  

  
 

2.95 0.09 
    

  

  
 

3.94 0.03 
    

  

    4.59 0.00           
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Species 

Life-

stage 

Velocity 

(fps) HSC 

Depth 

(ft) HSC Substrate HSC Source 

Smallmouth Adult 0.00 0.12 0.00 0.00 Organics 0.10 

Groshens and Orth 

1994 (V), Leonard et 

al. 1986 (D,S) 

Bass 
 

0.17 0.66 0.92 0.00 Mud/clay 0.10   

  
 

0.33 0.90 1.31 0.08 Silt 0.10   

  
 

0.50 1.00 2.03 0.56 Sand 0.20   

  
 

0.66 0.93 2.82 1.00 Gravel 0.30   

  
 

0.83 0.82 6.00 1.00 Cobble 1.00   

  
 

0.98 0.65 10.00 1.00 Boulder 1.00   

  
 

1.15 0.53 
  

Bedrock 0.50   

  
 

1.31 0.46 
    

  

  
 

1.47 0.42 
    

  

  
 

1.64 0.36 
    

  

  
 

1.81 0.32 
    

  

  
 

1.98 0.25 
    

  

  
 

2.30 0.15 
    

  

  
 

2.62 0.08 
    

  

  
 

2.95 0.06 
    

  

  
 

3.94 0.04 
    

  

  
 

4.59 0.04 
    

  

    5.00 0.00           

Smallmouth Spawning 0.00 1.00 0.22 0.00 Organics 0.00 

Allen 1996 (V,S), 

Edwards et al. 1983 

(D) 

Bass 
 

0.45 1.00 0.50 0.02 Mud/clay 0.00   

  
 

0.55 0.96 0.74 0.05 Silt 0.00   

  
 

0.65 0.89 1.10 0.12 Sand 0.20   

  
 

0.75 0.69 1.32 0.22 Gravel 1.00   

  
 

0.85 0.34 1.53 0.34 Cobble 0.30   
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Species 

Life-

stage 

Velocity 

(fps) HSC 

Depth 

(ft) HSC Substrate HSC Source 

  
 

0.95 0.25 1.70 0.54 Boulder 0.00   

  
 

1.05 0.20 1.90 0.90 Bedrock 0.00   

  
 

1.15 0.16 2.05 0.97 
  

  

  
 

1.25 0.14 2.18 0.99 
  

  

  
 

1.65 0.11 2.40 1.00 
  

  

  
 

1.85 0.09 4.75 1.00 
  

  

  
 

2.35 0.04 4.95 0.97 
  

  

  
 

2.55 0.02 5.10 0.91 
  

  

  
 

2.75 0.00 5.40 0.62 
  

  

  
   

5.80 0.40 
  

  

  
   

6.10 0.27 
  

  

  
   

6.50 0.17 
  

  

  
   

6.95 0.09 
  

  

  
   

7.30 0.04 
  

  

  
   

7.75 0.02 
  

  

  
   

8.00 0.00 
  

  

Fallfish Fry 0.00 0.00 0.00 0.00 Organics 0.00 

Gomez & Sullivan 

2007 

  
 

0.10 1.00 0.25 1.00 Mud/clay 0.00   

  
 

0.60 1.00 1.65 1.00 Silt 0.50   

  
 

0.90 0.94 2.30 0.82 Sand 1.00   

  
 

1.20 0.46 4.60 0.00 Gravel 1.00   

  
 

2.90 0.00 
  

Cobble 0.20   

  
     

Boulder 0.00   

  
     

Bedrock 0.00   

  Juvenile 0.00 0.00 0.00 0.00 Organics 0.10 

Gomez & Sullivan 

2007 

  
 

0.10 0.60 0.40 0.00 Mud/clay 0.00   

  
 

0.20 0.88 0.60 0.11 Silt 0.10   
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Species 

Life-

stage 

Velocity 

(fps) HSC 

Depth 

(ft) HSC Substrate HSC Source 

  
 

0.60 1.00 1.00 1.00 Sand 0.50   

  
 

1.60 1.00 3.00 1.00 Gravel 1.00   

  
 

2.00 0.40 4.00 0.27 Cobble 1.00   

  
 

3.50 0.04 7.00 0.24 Boulder 0.20   

  
 

4.30 0.00 8.00 0.07 Bedrock 0.00   

  
   

100.00 0.07 
  

  

Fallfish Adult 0.00 0.00 0.00 0.00 Organics 1.00 

Gomez & Sullivan 

2007 

  
 

0.10 1.00 0.50 0.00 Mud/clay 1.00   

  
 

0.80 1.00 3.00 1.00 Silt 1.00   

  
 

1.50 0.40 100.00 1.00 Sand 1.00   

  
 

3.00 0.00 
  

Gravel 1.00   

  
     

Cobble 1.00   

  
     

Boulder 1.00   

  
     

Bedrock 1.00   

Fallfish Spawning 0.00 0.00 0.40 0.00 Organics 0.00 

Gomez & Sullivan 

2007 

  
 

0.10 0.80 0.80 1.00 Mud/clay 0.00   

  
 

1.00 1.00 2.30 1.00 Silt 0.00   

  
 

1.50 1.00 4.50 0.00 Sand 0.00   

  
 

2.50 0.20 
  

Gravel 1.00   

  
 

3.00 0.00 
  

Cobble 0.00   

  
     

Boulder 0.00   

            Bedrock 0.00   

White 

Sucker Fry 0.00 1.00 0.00 0.00 Organics 1.00 Twomey et al. 1984 

  
 

0.30 1.00 1.00 1.00 Mud/clay 1.00   

  
 

1.00 0.00 100.00 1.00 Silt 1.00   

  
     

Sand 1.00   
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Species 

Life-

stage 

Velocity 

(fps) HSC 

Depth 

(ft) HSC Substrate HSC Source 

  
     

Gravel 1.00   

  
     

Cobble 1.00   

  
     

Boulder 1.00   

            Bedrock 1.00   

White 

Sucker Juvenile/ 0.00 0.00 0.00 0.00 Organics 1.00 Twomey et al. 1984 

  Adult 0.16 0.70 0.50 0.00 Mud/clay 1.00   

  
 

0.33 1.00 2.30 1.00 Silt 1.00   

  
 

0.49 1.00 3.30 1.00 Sand 1.00   

  
 

0.66 0.70 9.80 0.50 Gravel 1.00   

  
 

1.31 0.00 16.40 0.00 Cobble 1.00   

  
     

Boulder 1.00   

            Bedrock 1.00   

White 

Sucker Spawning 0.00 0.00 0.00 0.00 Organics 0.00 

Twomey et al. 1984 

(V,D), Gomez & 

Sullivan 2007 (S) 

  
 

0.50 0.40 0.50 1.00 Mud/clay 0.00   

  
 

1.00 1.00 0.80 1.00 Silt 0.50   

  
 

2.00 1.00 1.00 0.80 Sand 1.00   

  
 

3.00 0.00 2.00 0.00 Gravel 0.90   

  
     

Cobble 0.00   

  
     

Boulder 0.00   

            Bedrock 0.00   

Longnose Juvenile 0.00 0.00 0.00 0.00 Organics 0.00 

Gomez & Sullivan 

2007 

Dace 
 

0.75 1.00 0.75 1.00 Mud/clay 0.00   

  
 

1.50 1.00 1.15 1.00 Silt 0.00   

  
 

2.00 0.35 1.50 0.40 Sand 0.18   

  
 

2.20 0.20 1.75 0.20 Gravel 1.00   
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Species 

Life-

stage 

Velocity 

(fps) HSC 

Depth 

(ft) HSC Substrate HSC Source 

  
 

2.50 0.13 2.00 0.14 Cobble 1.00   

  
 

3.00 0.05 3.00 0.00 Boulder 0.50   

    4.00 0.00     Bedrock 0.00   

Longnose Adult 0.00 0.00 0.00 0.00 Organics 0.00 

Gomez & Sullivan 

2007 

Dace 
 

0.75 1.00 0.10 0.00 Mud/clay 0.00   

  
 

1.75 1.00 0.75 1.00 Silt 0.00   

  
 

3.00 0.28 1.60 1.00 Sand 0.60   

  
 

3.60 0.08 2.50 0.00 Gravel 1.00   

  
 

4.50 0.00 
  

Cobble 1.00   

  
     

Boulder 0.80   

            Bedrock 0.00   

BMI Rearing 0.00 0.00 0.00 0.00 Organics 0.50 

Gomez & Sullivan 

2000 

  
 

0.50 0.00 0.10 0.00 Mud/clay 0.50   

  
 

1.50 1.00 0.40 1.00 Silt 0.20   

  
 

3.50 1.00 3.00 1.00 Sand 0.10   

  
 

4.60 0.50 5.00 0.50 Gravel 0.60   

  
 

8.00 0.00 6.50 0.25 Cobble 1.00   

  
   

8.00 0.15 Boulder 0.90   

  
   

10.00 0.15 Bedrock 0.50   

        100.00 0.00       
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Figure A-1. HSC for smallmouth bass fry.  
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Figure A-2. HSC for smallmouth bass juveniles.  
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Figure A-3. HSC for smallmouth bass adults.  
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Figure A-4. HSC for smallmouth bass spawning.  
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Figure A-5. HSC for fallfish fry. 

   



Briar Hydro Associates Instream and Habitat Assessment Study

 

 
Normandeau Associates, Inc. 2022 282 

 

 

Figure A-6. HSC for fallfish juveniles.  
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Figure A-7. HSC for fallfish adults. 
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Figure A-8. HSC for fallfish adults. 
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Figure A-9. HSC for white sucker fry.  
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Figure A-10. HSC for white sucker juveniles and adults.  
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Figure A-11. HSC for white sucker spawning. 
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Figure A-12. HSC for longnose dace juvenile. 
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Figure A-13. HSC for longnose dace juvenile. 
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Figure A-14. HSC for BMI. 
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Appendix B. 1-D Transect Depth and Velocity Profiles  

 

 

Figure B-1. Depth and velocity profiles for transects 1 (top) and 2 (bottom). 
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Figure B-2. Depth and velocity profiles for transects 3 (top) and 4 (bottom). 
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Figure B-3. Depth and velocity profiles for transects 5 (top) and 6 (bottom). 
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Figure B-4. Depth and velocity profiles for transects 8 (top) and 9 (bottom). 
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1. Introduction and Background 

Briar Hydro Associates (Briar Hydro or Licensee) is in the process of relicensing the Rolfe Canal (FERC No. 

3240), Penacook Upper Falls (PUF; FERC No. 6689), and Penacook Lower Falls (PLF; FERC No. 3342) 

Hydroelectric Projects (Project; collectively, Projects) with the Federal Energy Regulatory Commission 

(FERC or Commission).  The Projects are located on the Contoocook River in Boscawen and Concord, New 

Hampshire.  PLF sits at river mile 0 of the Contoocook River, above the confluence with the Merrimack 

River.  The Upper Penacook and Rolfe Canal Projects are located upstream at river miles 1.0 and 2.0, 

respectively.  

The current Project licenses were issued by the Federal Energy Regulatory Commission (FERC or 

Commission) in accordance with the Commission’s delegated authority under the Federal Power Act on 

November 17, 1982 (PLF) and December 5, 1984 (Rolfe Canal and PUF). By FERC order the original April 

17, 2018 license expiration for PLF was extended from October 31, 2022 to November 30, 2024 and 

matching the expiration for the Rolfe Canal and PUF Projects. Briar Hydro is pursuing a new license for the 

three Projects through the Commission’s Traditional Licensing Process (TLP). 

In response to requests provided by the resource agencies as part of the TLP process, Briar Hydro prepared 

a Preliminary Study Plan (PSP). The intent of the PSP was that the goals, methodology, scope, and schedule 

would be refined in consultation with interested stakeholders, as necessary.  Briar Hydro distributed a 

copy of the PSP to representatives from the representatives from the U.S. Fish and Wildlife Service 

(USFWS), National Marine Fisheries Service (NMFS), New Hampshire Fish and Game Department (NHFGD) 

and the New Hampshire Department of Environmental Services (NHDES) on December 14, 2020.  

Following receipt and consultation related to comments on the PSP, Briar Hydro prepared a Revised Study 

Plan (RSP) which was finalized in March 2021 and filed with FERC on July 6, 2021.  This report describes 

the Adult Alosine Downstream Passage Study conducted in support of obtaining a new license for the 

Project. 

2. Goals and Objectives 
The goal of this study was to determine the direct and cumulative impact of the Rolfe Canal, PUF, and PLF 

Projects on the emigration of adult river herring in the Contoocook River. Specifically, this study sought 

to: 

• quantify the movement rates and delay caused by operation of the Projects; 

• quantify the relative proportion of adult river herring passing each emigration route at the 

Projects during various project operations; and 

• quantify instantaneous and latent mortality of adult river herring passed via each emigration 

route. 
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3. Study Area 
The study area for this evaluation encompassed the impoundment, dam/powerhouse structures, 

bypasses and riverine reaches immediately downstream of the three Projects. 

4. Methodology 
Radio telemetry was employed to evaluate the downstream passage of adult river herring at Rolfe Canal, 

PUF, and PLF Projects. Following the release of radio-tagged adult herring upstream of Rolfe Canal, their 

movements were evaluated using a series of stationary receivers installed at each Project. Additional 

stationary monitoring locations were installed at bank-side locations downstream of the confluence of 

the Contoocook and Merrimack Rivers to inform on post-passage movements. 

Telemetry Equipment 
Downstream passage of radio-tagged adult river herring was recorded via a series of stationary radio 

telemetry receivers, which included equipment manufactured by both Sigma Eight and Lotek Wireless. All 

receivers were installed following consideration of the detection requirements for the specific area of 

coverage, as well as the attributes of the receiver model (e.g., desired range, ability to concurrently scan 

one or more frequencies, etc.). Each receiver was paired with either an aerial (4 or 6 element Yagi) or 

underwater antenna (dropper antenna). 

Adult river herring were tagged using Sigma-Eight model TX-PSC-I-80D transmitters operating on one of 

two unique frequencies (149.320 or 149.360 MHz). Each transmitter was coded to emit a unique 

identifying signal, so that individual fish could be identified by a receiver. Transmitters utilized during this 

study were programmed to emit a 20 ms coded transmission at a 3.0 second interval. 

Monitoring Stations 
Radio telemetry antennas and receivers were installed at a number of locations at each of the three 

Projects. Each monitoring station consisted of a data-logging receiver, one or more antennas, and a power 

source. Stations were configured to receive transmitter signals from a designated area continuously 

throughout the study period. During installation of each station, range testing was conducted to configure 

the antennas and receivers in a manner which maximized detection efficiency at each location. Although 

each monitoring station was installed in a manner which limited the ability to detect transmitters from 

unwanted areas, the possibility of such detections did still exist. As a result, behavioral data collected 

during the study (i.e., duration at a specific location or passage route) was inferred based on the signal 

strength and the duration and pattern of contacts documented across the entire detection array. 

The locations of installed telemetry receivers to evaluate the downstream passage of adult river herring 

at the three Projects are outlined below and presented visually in Figures 4-1 through 4-3.  

Station 01: Station 01 was installed to detect radio-tagged herring as they approached the Rolfe Canal 

headgate structure. Detections from this location were used to determine when herring arrived at the 
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Project and was a component of the determination of residence time upstream of the dam and prior to 

passage. Station 01 consisted of a single antenna and radio-telemetry receiver. 

Station 02: Station 02 detected radio-tagged herring as they approached the upstream side of the York 

Dam. Detections from this location were used in conjunction with subsequent detections at Station 04 to 

identify individuals which passed downstream of the Rolfe Canal Project via spill flows provided at this 

location. Station 02 consisted of a single antenna and radio-telemetry receiver. 

Station 03: Station 03 was installed to detect radio-tagged herring which approached the Rolfe Canal 

intake structure. Detections from this location were used in conjunction with subsequent detections at 

Station 05 to identify individuals which passed downstream via the penstock and turbine unit at Rolfe 

Canal. Station 03 consisted of a single antenna and radio-telemetry receiver. 

Station 04: Station 04 detected radio-tagged herring at a point within the York Dam bypass reach 

downstream of the Dam and upstream of its confluence with outflow from the tailrace channel. 

Detections from this location were used to confirm radio-tagged individuals which passed downstream at 

the York Dam. Station 04 consisted of a single antenna and radio-telemetry receiver.  

Station 05: Station 05 detected radio-tagged herring in the Rolfe Canal tailrace. Detections from this 

location were used to confirm radio-tagged individuals which passed downstream via the turbine unit and 

were previously detected at Station 03. Station 05 consisted of a single antenna and radio-telemetry 

receiver.   

Station 06: Station 06 detected radio-tagged herring at a point within the historic canal discharge channel. 

Detections from this location were used to confirm radio-tagged individuals which may have passed 

downstream via the bypass at the Rolfe Canal intake structure. Station 06 consisted of a single antenna 

and radio-telemetry receiver. 

Station 07: Station 07 was installed to detect radio-tagged herring as they approached and passed a point 

approximately 100 m upstream of the PUF powerhouse intake. Detections from this location were used 

to determine when herring arrive at PUF and was a component of the determination of residence time 

upstream of the dam and prior to passage. Station 07 consisted of a single antenna and radio-telemetry 

receiver. 

Station 08: Station 08 was installed to detect radio-tagged herring as they approached the PUF intake 

structure. Detections from this location were used in conjunction with subsequent detections at Station 

11 to identify individuals which passed downstream via the PUF turbine unit. Station 08 consisted of a 

single antenna and radio-telemetry receiver. 

Station 09: Station 09 consisted of a single receiver and an underwater drop antenna installed to detect 

radio-tagged herring as they passed downstream of PUF via the downstream bypass. 

Station 10: Station 10 consisted of a single receiver and an aerial antenna installed to detect radio-tagged 

adult herring which passed downstream of PUF via spill flow through the bypass reach. 
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Station 11: Station 11 detected radio-tagged herring in the PUF tailrace. Detections from this location 

were used to confirm radio-tagged individuals which had passed downstream via the turbine unit and 

were last detected at Station 08. Station 11 consisted of a single antenna and radio-telemetry receiver.   

Station 12: Station 12 detected radio-tagged herring as they approached and passed a point 

approximately 150 m upstream of the PLF powerhouse intake. Detections from this location were used to 

determine when radio-tagged adult river herring arrive at PLF and were used as a component in the 

determination of residence time upstream of the dam and prior to passage. Station 12 consisted of a 

single antenna and radio-telemetry receiver. 

Station 13: Station 13 detected radio-tagged adult herring as they approached the upstream side of the 

PLF diversion spillway structure. Detections from this location were used in conjunction with subsequent 

detections at Station 16 to identify individuals which may have passed downstream at this location. 

Station 13 consisted of a single antenna and radio-telemetry receiver. 

Station 14: Station 14 was installed to detect radio-tagged adult herring as they approached the PLF intake 

structure. Detections from this location were used in conjunction with subsequent detections at Station 

17 to identify individuals which passed downstream via the PLF turbine unit. Station 14 consisted of a 

single antenna and radio-telemetry receiver. 

Station 15: Station 15 consisted of a single receiver and an underwater drop antenna installed to monitor 

radio-tagged adult herring as they passed downstream of PLF via the downstream bypass. 

Station 16: Station 16 detected radio-tagged herring moving through the PLF bypass reach following 

passage via spill flow at the diversion or auxiliary dam structures. Station 16 consisted of a single antenna 

and radio-telemetry receiver. 

Station 17: Station 17 was installed to detect radio-tagged adult herring in the PLF tailrace. Detections 

from this location were used to confirm radio-tagged individuals which had passed downstream via the 

turbine unit and were previously detected at Station 14. Station 17 consisted of a single antenna and 

radio-telemetry receiver.   

Station 18: Station 18 consisted of aerial, cross-river coverage at a point downstream of PLF.  Detections 

from this location was used to assess cumulative passage survival of radio-tagged herring following 

downstream passage at the Projects. Following receipt of property access permission, Station 18 was 

established along the Merrimack River at a point approximately 7.0 miles downstream of its confluence 

with the Contoocook River    

Station 19: Station 19 consisted of aerial, cross-river coverage at a point downstream of PLF and served 

as the second detection location to assess cumulative passage survival of radio-tagged herring following 

downstream passage at the Projects.  Following receipt of permission from Central Rivers Power, Station 

19 was installed facing upstream from the gatehouse structure at Garvins Falls (approximately 13.3 miles 

downstream of the confluence of the Contoocook and Merrimack Rivers).    
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Test Fish Collection, Tagging and Releases 
Adult river herring were collected for tagging at the trap and truck facility associated with the Amoskeag 

fishway.  Fish were dip-netted out of the sorting tank and visually assessed to ascertain their suitability 

for tagging. Any individuals exhibiting excessive scale loss or other signs of significant stress were not 

considered for tagging. Individuals deemed acceptable for tagging were quickly measured (total length, 

nearest mm), and sex was determined (when possible) by gently expressing eggs or milt from running-

ripe fish. Radio transmitters were inserted gastrically. To facilitate gastric implantation, transmitters were 

affixed to a flexible tube with their trailing antenna running through the hollow center. The transmitter 

and leading edge of the flexible tube was pushed through the mouth and down to the stomach. Once in 

place, the tube was removed leaving the transmitter antenna trailing from the mouth.  Following tagging, 

fish were immediately transferred to a stocking vehicle filled with aerated Merrimack River water.  Salt 

was added to the transport tank in an effort to reduce osmotic stress of tagged fish. 

A total of 100 radio-tagged adult river herring were transported via stocking truck from the Amoskeag 

fishway and released into the Contoocook River at one of three release locations. A total of 60 individuals 

were released at a point approximately 2.0 miles upstream of Rolfe Canal, 20 individuals were released 

immediately downstream of the Rolfe Canal powerhouse, and 20 individuals were released immediately 

downstream of the PUF powerhouse. Four separate release events were conducted during May 2021, 

with each event consisting of 25 radio-tagged individuals. For each release date, the tagged adult river 

herring were distributed among the three release sites as follows: 15 individuals upstream of Rolfe Canal, 

5 individuals downstream of Rolfe Canal, and 5 individuals downstream of PUF. 

Data Collection 

Stationary Telemetry Data 

Data were downloaded from receivers weekly during the period from the initial tag and release date 

through June 30, 2021. Backup copies of all telemetry data were made prior to receiver initialization. Field 

tests to ensure data integrity and receiver performance included confirmation of file integrity, 

confirmation that the last record was consistent with the downloaded data (a portable beacon tag was 

critical to this step), and lastly, to confirm that the receiver was operational upon restart and actively 

collecting data post download. Within a data file, transmitter detections were stored as a single event 

(i.e., single data line). Each event included the date and time of detection, frequency, ID code, and signal 

strength. 

Manual Telemetry Data 

To provide supplemental detection information to the stationary receiver data set, manual tracking was 

conducted twice during the monitoring period. Manual tracking events covered the section of the 

Contoocook from the area immediately upstream of Rolfe Canal to the confluence of the Contoocook and 

Merrimack Rivers downstream of PLF.  
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River and Project Operational Data 

In addition to the radio telemetry data described above, river and project operations data were collected 

and reported for the 2021 evaluation period. Inflow at each Project was calculated as the sum of discharge 

values for the USGS flow gages 0108550 (Contoocook River downstream Hopkinton Dam) and 01086000 

(Warner River at Davisville, NH) and multiplied by a proration factor of 1.3264 for Rolfe Canal and 1.3333 

for PUF and PLF.  Water temperature was recorded using a single Onset temperature logger set to read 

at a one-hour interval and installed in the vicinity of the turbine intake at PLF.     

The Projects were operated under “baseline” conditions for the 2021 study period (i.e., generation online 

during periods of adequate inflow and turbine functionality and downstream bypass system open). The 

York Dam gate was open and passed at least 100 cfs for the duration of the study period. Briar Hydro 

operated the downstream bypass facilities at both the PUF (~25 cfs) and PLF (~25 cfs) for the duration of 

the study period from May 24 to June 30, 2021.  

Briar Hydro provided power output (i.e., kw) for the duration of the monitoring period at all three Projects.  

Output was converted to turbine generation (cfs) using the following equations: 

Rolfe Canal:         

• If power output < 1000 KW, then flow (cfs) = power (KW) * 0.365 + 77 

• If power output 1000-3561 KW, then flow (cfs) = power (KW) * 0.3676 + 74.31 

• If power output 3562-4406 KW, then flow (cfs) = power (KW) * 0.4561 - 240.84 

• If power output > 4406 KW, then flow (cfs) = power (KW) * 0.3662 + 155.13 

PLF:    

• If power output < 2131 KW, then flow (cfs) = power (KW) * 0.3285 + 250 

• If power output 2131-3118 KW, then flow (cfs) = power (KW) * 0.3382 + 228.43 

• If power output > 3118 KW, then flow (cfs) = power (KW) * 0.378 + 104.24 

PUF:    

• If power output < 675 KW, then flow (cfs) = power (KW) * 0.4237 + 85 

• If power output 675-1442 KW, then flow (cfs) = power (KW) * 0.5474 + 1.442 

• If power output 1443-2183 KW, then flow (cfs) = power (KW) * 0.476 + 103.89 

• If power output > 2183 KW, then flow (cfs) = power (KW) * 0.4738 + 108.54 
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Available spill flow was calculated as the difference between the calculated generation flow and prorated 

inflow for all instances where inflow was greater than generation.  

Data Analysis and Reporting 

Upstream Residency and Downstream Passage Routes 

A complete record of all valid detections for each uniquely coded radio-tagged adult herring was 

generated, and the pattern and timing of detections in these individual records were reviewed. For each 

radio-tagged individual released into the Contoocook River upstream of Rolfe Canal, the arrival and 

passage times and downstream route of passage were determined at Rolfe Canal, PUF, and PLF.  

The stationary telemetry dataset collected during the study also permitted the evaluation of travel time 

for radio-tagged adult herring between any two adjacent monitoring stations both prior to and following 

downstream passage at a particular project. Passage duration through any defined river reach was 

calculated as the duration from initial detection at the stationary receiver on the upstream end of the 

reach until initial detection at the stationary receiver on the downstream end of the reach. For radio-

tagged herring which approached Rolfe Canal, PUF or PLF, a ‘project residence duration’ was defined as 

the duration of time from initial detection at the dam until successful downstream passage. 

Parameter Estimates for Evaluation of Project Survival 

Downstream passage survival for adult river herring was estimated using a standard Cormack-Jolly-Seber 

(CJS) model run for the set of individual encounter histories developed for each radio-tagged fish which 

was determined to have approached Rolfe Canal, PUF, and PLF. The CJS approach utilized during this study 

provided estimates for passage survival (Phi) of radio-tagged fish through defined reaches at the Projects. 

This approach relied on a suite of candidate models developed in Program MARK (White and Burnham 

1999) and was based on whether survival, recapture (i.e., detection), or both varied or were constant 

among stations. Models developed during this study included: 

• Phi(t)p(t): survival and recapture may vary between receiver stations; 

• Phi(t)p(.): survival may vary between stations; recapture is constant between stations; 

• Phi(.)p(t): survival is constant between stations; recapture may vary between stations; and 

• Phi(.)p(.): survival and recapture are constant between stations. 

Where; 

• Phi = probability of survival 

• p = probability of detection 

• (t) = parameter varies  

• (.) = parameter is constant  

To evaluate the fit of the CJS model, goodness of fit testing was conducted for the “starting model” (i.e., 

the fully parameterized model) using the function RELEASE within Program MARK.  Akaike’s Information 

Criterion (AIC) was used to rank the models as to how well they fit the observed mark-recapture data. 

Lower AIC values denote a more explanatory yet parsimonious fit than higher AIC values. The model with 

the lowest AIC value was selected for the purposes of generating passage effectiveness estimates. 
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For all fish determined to have approached the Projects, an encounter history was assembled as the series 

of sequential detection (1) or no detection (0) records for each individual fish at: 

• Release Location (1), 

• Station 01/02, Rolfe Canal Approach (0 or 1),  

• Station 07, PUF Approach (0 or 1),  

• Station 12, PLF Approach (0 or 1),  

• Station 18, Downstream Station #1 (0 or 1), and 

• Station 19, Downstream Station #2 (0 or 1). 

The resulting model permitted the estimation of passage survival for (1) Rolfe Canal, (2) PUF, (3) PLF, and 

(4) cumulative survival through each of the three Projects.  

• Passage survival at the Rolfe Canal Project was estimated as the probability of a radio-tagged adult 

river herring to be detected approaching PUF following an initial detection at Station 01/02.  

• Passage survival at the PUF Project was estimated as the probability of a radio-tagged adult river 

herring to be detected approaching PLF following an initial detection at Station 07.  

• Passage survival at the PLF Project was estimated as the probability of a radio-tagged adult river 

herring to be detected approaching Station 18 (i.e., the first downstream receiver) following an 

initial detection at Station 12.  

• Cumulative survival for passage survival at all three Projects was estimated as the joint probability 

of survival at from Rolfe Canal to PUF, PUF to PLF, and PLF to the first downstream receiver. 

This approach assumed that the background mortality (i.e., natural mortality such as predation) was 

negligible for adult river herring in the reaches downstream of each dam and that the observed losses are 

attributable solely to Project effects.  The use of this assumption results in a minimum estimate of total 

Project survival for adult river herring passing downstream of the three Projects. 
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Figure 60–1. Final stationary receiver placement at Rolfe Canal for the adult river herring downstream passage study, May 24 – 
June 30, 2021. 
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Figure 60–2. Final stationary receiver placement at PUF for the adult river herring downstream passage study, May 24 – June 30, 

2021. 
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Figure 60–3. Final stationary receiver placement at PLF for the adult river herring downstream passage study, May 24 – June 30, 

2021. 
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5. Results 

Contoocook River Conditions 

The first group of radio-tagged adult river herring was released into the Contoocook River on May 24, 

2021 and monitoring for those individuals continued until June 30, 2021. Figure 5-1 presents the 

Contoocook River flow (prorated to Rolfe Canal) for the 2021 adult herring study period. Over the course 

of the 2021 monitoring period, inflow at Rolfe Canal ranged from 151 cfs to 1,432 cfs (P25 = 231 cfs; 

median = 363 cfs; P75 = 528 cfs).  

Hourly temperature readings collected for the duration of the study period from the intake area at PUF 

are presented in Figure 5-1.  River temperature over the course of the full monitoring period ranged 

between 14-27oC (median = 22oC).  Mean daily water temperature on tagging dates (May 24, 25, 26, and 

27) ranged from 20-22oC. 

 

Figure 60–4. Contoocook River flow prorated for Rolfe Canal for the adult river herring 
downstream passage study period, May 24 – June 30, 2021. 

Briar Hydro Project Operations 

Rolfe Canal 

Total discharge reported for Rolfe Canal during the downstream adult river herring passage study period 

from May 24 to June 30, 2021 is presented in Figure 5-2. The Rolfe Canal turbine was in operation for 

most of the study period with the exception of 1700 on May 26 to 0700 on June 2 (due to a mechanical 

issue associated with a malfunctioning bearing) and from 0500 on June 21 through the end of the 

monitoring period (due to low water).  Flow at York Dam ranged from the existing minimum flow of 100 

cfs up to a high of 900 cfs on June 1.  
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Penacook Upper Falls 

Total discharge reported for PUF during the downstream adult river herring passage study (May 24 to 

June 30, 2021) is presented in Figure 5-3. The PUF turbine was in operation for most of the study period 

with the exception of 1800 on June 26 to 0700 on May 27 (due to the impact on flow at PUF associated 

with the concurrent unit shutdown at Rolfe Canal) and from 1600 on June 20 through the end of the 

monitoring period (due to low water).  Briar Hydro operated the downstream bypass facility at PUF for 

the duration of the river herring study period, passing approximately 25 cfs.  Spill flow at PUF ranged from 

zero up to a high of 490 cfs on June 14.  

Penacook Lower Falls 

Total discharge reported for PLF during the downstream adult river herring passage study (May 24 to June 

30, 2021) is presented in Figure 5-4. The PLF turbine was in operation for the duration of the study period 

until June 21 when it was taken offline due to low water.  Briar Hydro opened the downstream bypass 

facility at PLF prior to the first herring release on May 24 and operated it for the duration of the study 

period, passing approximately 25 cfs.  Spill flow at PLF ranged from zero up to a high of 267 cfs on June 

14.  

 

Figure 60–5. Distribution of Rolfe Canal discharge during the adult river herring downstream 
passage study period, May 24 – June 30, 2021. 
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Figure 60–6. Distribution of PUF discharge during the adult river herring downstream passage 
study period, May 24 – June 30, 2021. 

 

Figure 60–7. Distribution of PLF discharge during the adult river herring downstream passage 
study period, May 24 – June 30, 2021. 
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Monitoring Station Functionality 
Radio-tagged adult river herring were released into the Contoocook River beginning on May 24, 2021, and 

the study plan called for continuous monitoring at project locations through the month of June.  

Normandeau conducted weekly checks and downloads of all stationary receivers during that period.  

Station coverage was determined by a combination of portable beacon transmitter detections and 

observations reported by field personnel conducting the receiver checks and data downloads. All 19 of 

the stationary monitors operated with no issues for the duration of the study period (Figure 5-5). 

 

Figure 60–8. Monitoring station operational coverage for receiver stations at Rolfe Canal, 
PUF, and PLF during the adult river herring downstream passage study period, 
May 24 – June 30, 2021. 

Test Fish Collection, Tagging and Release 
A total of 100 adult river herring were radio-tagged following collection at the Amoskeag upstream 

fishway lift during 2021 (Table 5-1).  Radio-tagged adult herring were released approximately 2.0 miles 

upstream of Rolfe Canal (n = 60), in the tailrace channel of Rolfe Canal (n=20), and in the tailrace channel 

of PUF (n=20). Tagging and release events took place on four dates: May 24, 25, 26, and 27, 2021. River 

herring radio-tagged during 2021 ranged in total length from 264-623 mm with the average total length 

at 291 mm. A full listing of adult river herring tagged during the 2021 telemetry evaluation is provided in 

Appendix A. 

Project Arrival  
Releases of radio-tagged adult river herring were initiated upstream of Rolfe Canal, PUF, and PLF on May 

24, 2021.  Figure 5-5 presents the distribution of arrival dates for radio-tagged individuals at each of the 

three Projects. Radio-tagged adult herring were initially detected at Rolfe Canal from the date of the initial 
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release (May 24) until June 17 with the majority approaching Rolfe Canal between May 24 and 28. 

Approach timing at Rolfe Canal was determined based on the initial detection for each fish at Station 01 

(i.e., the power canal headgate structure) or 02 (upstream of York Dam). Of the 58 radio-tagged herring 

which approached Rolfe Canal, 48% individuals were detected at both Stations 01 and 02, 9% were 

detected only at Station 01, and 43% were detected only at Station 02. The majority of individuals 

approaching Rolfe Canal from the first two release groups (May 24 and 25) were more likely to first 

approach the entrance to the power canal (Station 01) then move back upstream and descend down the 

bypass reach towards York Dam (26 of 29 individuals). The majority of radio-tagged adult herring released 

on May 26 and 27 were initially detected at the York Dam receiver (Station 02; 24 of 29 individuals), likely 

in response to the predominant flow in that direction due to the turbine outage at the Rolfe Canal 

powerhouse at that time. 

Approach timing at PUF and PLF was determined based on the initial detection for each fish at Stations 07 

and 12, respectively. Radio-tagged adult herring released in the Rolfe Canal or PUF tailraces were initially 

detected at the next downstream Project relatively quickly: between May 24 and 28 for herring released 

in the Rolfe Canal tailrace to arrive at PUF and May 24 and 27 for herring released in the PUF tailrace to 

arrive at PLF (Figure 5-5).  The distribution of approach dates for adult herring originally released upstream 

of Rolfe Canal peaked between May 27-28 at PUF and May 29-31 at PLF.     

Upstream Residence Duration 
Outmigrating adult river herring encountering Rolfe Canal can (1) pass through the gatehouse and enter 

the power canal where they can (a) pass downstream through the turbine or (b) move back upstream, (2) 

approach York Dam where they can (a) pass downstream by way of spill through the bypass reach, or (b) 

move back upstream, or (3) spend a period of time in both locations prior to eventual downstream 

passage. When all individuals are considered the median upstream residence duration (i.e., the duration 

of time from initial detection upstream of Rolfe Canal until downstream passage) was 22.3 hours (P25 = 

7.4 hours; P75 = 64.6 hours; Table 5-2).  When evaluated by behavior, the median upstream residence 

duration was shorter for individuals which either directly approached only the Rolfe Canal powerhouse (n 

= 5; median = 13.4 hours) or York Dam (n = 25; median = 6.7 hours) versus those which spent a portion of 

time upstream of both the powerhouse and York Dam (n = 28; median = 65.9 hours).  Table 5-3 provides 

a summary of the calculated upstream residence duration values for radio-tagged adult herring at Rolfe 

Canal based on their initial date of detection. For dates with multiple arrivals, the median upstream 

residence duration was longer for dates early in the study period versus later.  As noted earlier, radio-

tagged herring from the May 27 and 28 release groups had a higher likelihood to approach only York Dam 

rather than both the powerhouse intake area and York Dam, likely leading to a shorter upstream residence 

duration. For all adult river herring approaching Rolfe Canal, 53% passed downstream within 24 hours of 

initial arrival and 84% within 72 hours of initial arrival.   

Following their initial detection at PUF, the median upstream residence duration for radio-tagged adult 

herring was 32.2 hours (P25 = 14.9 hours; P75 = 60.3 hours; Table 5-4).  The median duration did not differ 

greatly between herring originating upstream of Rolfe Canal (34.0 hours) or released directly into the Rolfe 
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Canal tailrace (median = 29.6 hours).  Table 5-5 summarizes upstream residence duration by the eventual 

route of passage at PUF.  The median values for upstream residence duration among passage routes 

utilized during the 2021 study were 20.0 hours for fish passing on spill, 31.9 hours for fish passing through 

the downstream bypass, and 58.3 hours for fish passing downstream through the PUF turbine unit.  

Upstream residence duration summarized by approach date at PUF is presented in Table 5-6. For all adult 

river herring approaching PUF, 35% passed downstream within 24 hours of initial arrival and 85% within 

72 hours of initial arrival.   

Following arrival at PLF, the median upstream residence duration for radio-tagged adult herring was 85.0 

hours (P25 = 31.8 hours; P75 = 124.3 hours; Table 5-7).  The median duration appeared to differ for herring 

originating upstream of Rolfe Canal (39.6 hours) versus those released directly into the Rolfe Canal tailrace 

(median = 105.1 hours) or the PUF tailrace (135.6 hours).  Table 5-8 summarizes upstream residence 

duration for adult river herring by their eventual route of downstream passage at PLF.  The median values 

for upstream residence duration between passage routes utilized during the 2021 study were 64.9 hours 

for fish passing through the downstream bypass and 97.5 hours for fish passing downstream through the 

PLF turbine unit.  Upstream residence duration summarized by approach date at PLF is presented in Table 

5-9. For all adult river herring approaching PLF, 20% passed downstream within 24 hours of initial arrival 

and 45% within 72 hours of initial arrival.   

Downstream Passage 
A total of 60 radio-tagged adult river herring were released upstream of Rolfe Canal during the spring of 

2021.  Of that total, 58 (97%) were determined to have approached Rolfe Canal and were available for the 

evaluation of downstream passage route (Table 5-10). The majority (86%) of radio-tagged adult herring 

passed downstream via York Dam.  Of the fifty individuals which passed downstream of Rolfe Canal via 

spill at York Dam, 48 of those passage events occurred during the turbine outage which occurred from 

1700 on May 26 to 0700 on June 2. 

Table 5-11 summarizes downstream passage route utilization for adult river herring which approached 

PUF. A total of 80 radio-tagged adult river herring were released at points upstream of PUF during the 

spring of 2021. Of that total, 72 (90%) were determined to have approached the Project and were 

available for the evaluation of downstream passage route. The majority (60%) of radio-tagged adult 

herring passed downstream of PUF using the downstream bypass.  Approximately 23% of radio-tagged 

herring passed downstream via the PUF turbine and an additional 17% passed downstream during periods 

of spill. 

Of the 100 radio-tagged adult river herring released at locations upstream of PLF, 87% were determined 

to have approached the Project and were available for the evaluation of downstream passage route (Table 

5-12). Downstream passage of adult river herring at PLF occurred via the Project turbine (52% of all events) 

and downstream bypass (44% of all events). A limited number of individuals (n = 4) were detected on the 

approach at PLF but were determined to have not successfully passed downstream during the study 
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period. These individuals may have been predated, succumbed to injuries during previous passage at Rolfe 

Canal and/or PUF, or shed their transmitter. 

Radio-tagged adult river herring were observed passing downstream of Rolfe Canal between May 25 and 

June 17 with the peak number of events occurring on May 27 and 28 (Figure 5-7). At PUF, downstream 

passage of adult river herring was recorded between May 24 and June 8 when individuals from all 

upstream release locations were considered. The first downstream passage event at PLF was recorded on 

May 30. Downstream passage of radio-tagged adult river herring at PLF peaked on May 31 and June 1 and 

the final event was observed on June 13, 2021. Figure 5-8 presents the timing distribution of downstream 

passage events for radio-tagged adult river herring at the Projects. The majority of individuals passed 

downstream during the morning, mid-afternoon and evening hours. 

River Transit 

Project Reach Transit 

Radio-tagged adult river herring were released at one of three locations within the Project areas 

(upstream of Rolfe Canal, downstream of Rolfe Canal, or downstream of PUF).  Table 5-13 summarizes 

the overall duration of time from release until passage downstream at the lowermost Project (PLF).  The 

median duration of time for radio-tagged adult herring released upstream of Rolfe Canal to pass 

downstream of all three Projects was 157.5 hours (6.6 days; P25 = 5.5 days; P75 = 7.9 days). The overall 

transit duration through the full set of Projects did not appear to differ among release locations. Radio-

tagged adult river herring released in the tailrace at Rolfe Canal (median = 6.7 days) and in the tailrace at 

PUF (median = 6.1 days) were comparable to that observed for fish released upstream of Rolfe Canal.    

Downstream Reach Transit 

Two monitoring stations were installed downstream of PLF for the purpose of detecting radio-tagged 

adult river herring following outmigration from the Contoocook River during spring 2021. Those receivers 

were located approximately 7.0 (Station 18) and 13.3 (Monitoring Station 19) miles downstream of the 

confluence of the Contoocook and Merrimack Rivers. Quartile transit times for adult river herring (1) 

following downstream passage at PLF to Station 18, (2) from Station 18 to Station 19, and (3) for the full 

downstream river section are presented in Table 5-14. The median transit time durations for all tagged 

adult river herring moving downstream of PLF were 8.8, 5.6, and 20.9 hours for the three downstream 

reaches, respectively. Median values and quartile ranges were comparable for each downstream reach 

when compared among the three release locations (upstream of Rolfe Canal, Rolfe Canal tailrace, and PUF 

tailrace.  

Table 60–1. Summary of release and biological information (total length and sex) for adult 
river herring radio-tagged and released into the Contoocook River (May 2021) 

River Herring 
Release Location 

US Rolfe Canal US PUF US PLF All 

Release Dates (May) 24, 25, 25, 27 24, 25, 25, 27 24, 25, 25, 27 24, 25, 25, 27 
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Number Released 60 20 20 100 

% Male 45% 40% 55% 46% 

% Female 55% 60% 45% 54% 

Min. Total Length (mm) 264 276 264 264 

Max. Total Length (mm) 326 324 317 326 

Mean Total Length (mm) 291 292 291 291 

 

Table 60–2. Minimum, maximum and quartile values for Rolfe Canal upstream residence 
duration (by project behavior) during the adult river herring downstream 
passage study period, May 24 – June 30, 2021 

River Herring – Upstream Residence Duration (hrs) 

Rolfe Approach Minimum P25 P50 (Median) P75 Maximum 

Powerhouse & York Dam 20.3 36.0 65.9 140.4 508.6 

Powerhouse 9.5 11.8 13.4 16.2 18.4 

York Dam 0.1 2.3 6.7 15.6 40.2 

All 0.1 7.4 22.3 64.6 508.6 

 

Table 60–3. Minimum, maximum and quartile values for Rolfe Canal upstream residence 
duration (by approach date) during the adult river herring downstream passage 
study period, May 24 – June 30, 2021 

River Herring - Upstream Residence Duration (hrs) 

Approach Date n P25 P50 (Median) P75 

24-May 6 69.5 108.8 165.6 

25-May 11 38.6 53.6 68.5 

26-May 15 22.2 35.0 132.9 

27-May 12 2.3 7.7 17.5 

28-May 7 1.6 6.3 15.6 

29-May 2 0.1 3.4 6.7 

30-May 1 2.5 2.5 2.5 

2-Jun 1 13.4 13.4 13.4 

4-Jun 1 20.3 20.3 20.3 

6-Jun 1 16.2 16.2 16.2 

17-Jun 1 11.8 11.8 11.8 

All 58 7.4 22.3 64.6 

 
 

Table 60–4. Minimum, maximum and quartile values for PUF upstream residence duration 
(by release location) during the adult river herring downstream passage study 
period, May 24 – June 30, 2021 

River Herring - Upstream Residence Duration (hrs) 
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Release Location Minimum P25 P50 (Median) P75 Maximum 

Upstream Rolfe Canal 0.5 16.4 34.0 62.1 126.9 

Rolfe Canal Tailrace 1.7 12.4 29.6 51.6 114.9 

All 0.5 14.9 32.2 60.3 126.9 
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Table 60–5. Minimum, maximum and quartile values for PUF upstream residence duration 
(by passage route) during the adult river herring downstream passage study 
period, May 24 – June 30, 2021 

River Herring - Upstream Residence Duration (hrs) 

Passage Route Minimum P25 P50 (Median) P75 Maximum 

Downstream Bypass 0.5 12.8 31.9 56.3 114.9 

Spill 0.9 7.7 20.0 30.9 92.5 

Turbine 14.6 33.9 58.3 78.3 126.9 

All 0.5 14.9 32.2 60.3 126.9 

 

Table 60–6. Minimum, maximum and quartile values for PUF upstream residence duration 
(by approach date) during the adult river herring downstream passage study 
period, May 24 – June 30, 2021 

River Herring - Upstream Residence Duration (hrs) 

Approach Date n P25 P50 (Median) P75 

24-May 1 1.7 1.7 1.7 

25-May 6 12.8 30.9 37.4 

26-May 8 13.3 20.0 30.2 

27-May 21 5.3 39.7 65.6 

28-May 19 31.9 52.2 70.5 

29-May 7 16.5 41.1 58.8 

30-May 3 10.3 23.0 26.7 

31-May 5 8.2 17.6 33.9 

2-Jun 1 6.6 6.6 6.6 

7-Jun 1 24.2 24.2 24.2 

All 72 14.9 32.2 60.3 

 
Table 60–7. Minimum, maximum and quartile values for PLF upstream residence duration 

(by release location) during the adult river herring downstream passage study 
period, May 24 – June 30, 2021 

River Herring - Upstream Residence Duration (hrs) 

Release Location Minimum P25 P50 (Median) P75 Maximum 

Upstream Rolfe Canal 0.3 16.6 39.6 93.5 253.7 

Rolfe Canal Tailrace 23.3 42.9 105.1 124.3 252.6 

PUF Tailrace 94.1 114.7 135.6 169.4 193.0 

All 0.3 31.8 85.0 124.3 253.7 
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Table 60–8. Minimum, maximum and quartile values for PLF upstream residence duration 
(by passage route) during the adult river herring downstream passage study 
period, May 24 – June 30, 2021 

River Herring - Upstream Residence Duration (hrs) 

Passage Route Minimum P25 P50 (Median) P75 Maximum 

Downstream Bypass 0.3 34.0 64.9 111.4 169.3 

Turbine 0.3 30.7 97.5 137.1 253.7 

All 0.3 31.8 85.0 124.3 253.7 

 

Table 60–9. Minimum, maximum and quartile values for PLF upstream residence duration 
(by approach date) during the adult river herring downstream passage study 
period, May 24 – June 30, 2021 

River Herring - Upstream Residence Duration (hrs) 

Approach Date n P25 P50 (Median) P75 

24-May 4 162.2 171.3 185.4 

25-May 8 130.5 152.4 170.1 

26-May 6 112.5 115.3 116.3 

27-May 19 97.5 116.1 143.8 

28-May 1 77.8 77.8 77.8 

29-May 11 39.2 53.8 73.5 

30-May 14 23.3 35.4 51.8 

31-May 9 1.2 10.0 30.7 

1-Jun 6 0.8 6.0 42.9 

2-Jun 3 1.0 17.9 27.5 

3-Jun 1 0.3 0.3 0.3 

8-Jun 1 97.3 97.3 97.3 

All 83 31.8 85.0 124.3 

 
 

Table 60–10. Downstream passage route selection for radio-tagged adult river herring 
released upstream of Rolfe Canal during the spring downstream passage study 
period, May 24 – June 30, 2021 

River Herring - Rolfe Canal Downstream Passage Route 

Release Date Release Location No. Released No. Detected Turbine York Dam 

24-May US Rolfe 15 15 2 13 

25-May US Rolfe 15 14 2 12 

26-May US Rolfe 15 15 4 11 

27-May US Rolfe 15 14 0 14 

All 60 58 8 50 
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% of Total Detected 14% 86% 

Table 60–11. Downstream passage route selection for radio-tagged adult river herring 
released upstream of PUF during the spring downstream passage study period, 
May 24 – June 30, 2021 

River Herring - PUF Downstream Passage Route 

Release Date Release Location No. Released No. Detected Turbine 
Downstream 

Bypass 
Spill 

24-May 
US Rolfe 15 14 4 9 1 

DS Rolfe 5 5 0 5 0 

25-May 
US Rolfe 15 14 4 8 2 

DS Rolfe 5 5 1 1 3 

26-May 
US Rolfe 15 10 2 7 1 

DS Rolfe 5 5 0 2 3 

27-May 
US Rolfe 15 14 4 8 2 

DS Rolfe 5 5 2 3 0 

All 80 72 17 43 12 

% of Total Detected 23% 60% 17% 

 
Table 60–12. Downstream passage route selection for radio-tagged adult river herring 

released upstream of PLF during the spring downstream passage study period, 
May 24 – June 30, 2021 

River Herring - PLF Downstream Passage Route 

Release Date Release Location No. Released No. Detected Turbine 
Downstream 

Bypass 
No Pass 

24-May 

US Rolfe 15 13 6 6 1 

DS Rolfe 5 5 2 2 1 

DS PUF 5 5 3 2 0 

25-May 

US Rolfe 15 10 3 7 0 

DS Rolfe 5 5 2 3 0 

DS PUF 5 9 7 2 0 

26-May 

US Rolfe 15 7 2 5 0 

DS Rolfe 5 5 2 2 1 

DS PUF 5 7 4 3 0 

27-May 

US Rolfe 15 12 8 4 0 

DS Rolfe 5 4 3 1 0 

DS PUF 5 5 3 1 1 

All 100 87 45 38 4 

% of Total Detected 52% 44% 4% 
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Table 60–13. Quartile values for the project reach transit duration (by release location) 
observed for radio-tagged adult river herring released during the spring 
downstream passage study period, May 24 – June 30, 2021 

River Herring - Project Reach Transit (hrs) 

Release Location P25 P50 (Median) P75 

Upstream Rolfe Canal 131.3 157.5 189.8 

Rolfe Canal Tailrace 136.3 160.3 176.7 

PUF Tailrace 124.8 145.5 176.2 

All 130.6 160.2 180.5 

 
Table 60–14. Quartile values for the downstream transit duration (by release location) 

observed for radio-tagged adult river herring released during the spring 
downstream passage study period, May 24 – June 30, 2021 

River Herring - Downstream Transit (hrs) 

River Reach Release Location P25 P50 (Median) P75 

PLF to Station 18 

Upstream Rolfe Canal 4.9 8.4 15.4 

Rolfe Canal Tailrace 6.2 12.9 16.7 

PUF Tailrace 5.4 7.8 10.7 

All 4.9 8.8 15.4 

Station 18 to Station 19 

Upstream Rolfe Canal 3.9 4.7 16.1 

Rolfe Canal Tailrace 4.0 5.6 15.6 

PUF Tailrace 3.8 17.5 19.6 

All 3.8 5.6 17.3 

PLF to Station 19 

Upstream Rolfe Canal 13.7 20.2 22.0 

Rolfe Canal Tailrace 17.9 20.9 25.3 

PUF Tailrace 18.8 21.9 27.6 

All 15.1 20.9 22.1 
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Figure 60–9. Approach date (by release location) for radio-tagged adult river herring at Rolfe 

Canal (upper), PUF (middle), and PLF (lower) during the downstream passage 
study period, May 24 – June 30, 2021.  
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Figure 60–10. Downstream passage date (by release location) for radio-tagged adult river 
herring at Rolfe Canal (upper), PUF (middle), and PLF (lower) during the 
downstream passage study period, May 24 – June 30, 2021. 

 

 

 

Figure 60–11. Downstream passage timing for radio-tagged adult river herring at Rolfe Canal 
(upper left), PUF (upper right), and PLF (lower) during the downstream passage 
study period, May 24 – June 30, 2021. 
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Passage Survival 
The CJS model Phi(t)p(.) provided the best fit for the observed mark-recapture data associated with 

downstream movements of all radio-tagged adult river herring approaching and passing at Rolfe Canal, 

PUF, and PLF during the 2021 study period (Table 5-15).  The detection efficiency for telemetry receivers 

recording passage of adult herring at locations incorporated into the CJS model was 1.0. The reach-specific 

survival estimates for the Project reach are presented in Table 5-16. Project-specific estimates of passage 

survival were 91.4% (95% CI = 80.9-96.4%) for Rolfe Canal, 91.8% (95% CI = 82.9-96.3%) for PUF, and 75.9% 

(95% CI = 65.8-83.7%) for PLF. Downstream passage success for adult river herring at the full set of Projects 

was calculated as the joint probability of the three reach-specific survival estimates which encompassed 

the riverine section from arrival at Rolfe Canal downstream to a point approximately 7.0 miles below the 

confluence of the Contoocook and Merrimack Rivers. This resulted in a cumulative estimated downstream 

passage survival for adult river herring of 63.6% (95% CI = 52.9-73.4%).   

Radio-tagged adult river herring approached and passed downstream at Rolfe Canal, PUF, and PLF via a 

variety or passage routes (Section 5.7). Individual CJS models were run for the subset of individuals 

utilizing each passage route at the three Projects (Table 5-17).  Survival rates for adult river herring passing 

downstream through project turbines ranged from 50.0% to 82.4%.  Survival rates for adult herring 

passing downstream via spill or through a downstream bypass ranged from 89.5% to 100%. 

 

Table 60–15. CJS model selection criteria for survival of radio-tagged adult river herring 
released during the spring downstream passage study period, May 24 – June 30, 
2021 

Model AICc 
Delta 
AICc 

AICc 
Weight 

Model 
Likelihood 

No. 
Parameters 

Deviance 

Phi(t) p(.)  229.60 0.00 0.50 1.00 5 7.26 

Phi(t) p(t) 229.60 0.00 0.50 1.00 5 7.26 

Phi(.) p(t)  241.08 11.48 0.00 0.00 1 26.91 

Phi(.) p(.)  243.11 13.50 0.00 0.00 2 26.91 

 

Table 60–16. Reach-specific survival probability estimates (phi), standard errors, and 95% 
confidence intervals for for radio-tagged adult river herring released during the 
spring downstream passage study period, May 24 – June 30, 2021 

River Reach Phi SE 95% CI 

Release to Rolfe Canal 0.967 0.023 0.876 0.992 

Rolfe Canal to PUF 0.914 0.037 0.809 0.964 

PUF to PLF 0.918 0.032 0.829 0.963 

PLF to Station 18 0.759 0.046 0.658 0.837 
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Table 60–17. Project and passage route-specific survival probability estimates (phi) and 95% 
confidence intervals for radio-tagged adult river herring released during the 
spring downstream passage study period, May 24 – June 30, 2021 

Project Route n Phi 95% CI 

Rolfe Canal 
Turbine 8 0.500 0.200 0.800 

York Dam (spill) 50 0.980 0.871 0.997 

PUF 

Turbine  17 0.824 0.573 0.942 

Downstream Bypass 43 0.953 0.832 0.988 

Spill 12 1.000 - - 

PLF 
Turbine 45 0.711 0.564 0.824 

Downstream Bypass 38 0.895 0.751 0.960 

 

Manual Tracking 
Downstream passage timing, route selection, and survival of adult river herring at Rolfe Canal, PUF, and 

PLF were informed using the stationary telemetry data collected at the nineteen receiver locations 

detailed in Section 4.2. Based on those data downstream passage occurred from the date of initial release 

until June 17, 2021 when the final passage event was recorded at Rolfe Canal. However, per the revised 

study plan, limited manual tracking information was collected for adult river herring from the Rolfe Canal 

Project downstream to the confluence of the Contoocook and Merrimack Rivers. A tracking event 

conducted on June 7, 2021 identified a total of seven adult river herring from the targeted reach.  

Transmitter locations for each of the fish observed during manual tracking were in full agreement with 

the final disposition of those individuals as determined from the overall data set collected by the 

stationary receivers. This included one stationary tag in the PUF forebay, one stationary tag in the PUF 

tailrace, two stationary tags in the PLF forebay, and three stationary tags in the PLF tailrace.   

6. Summary 
An evaluation of downstream passage success for adult river herring was conducted in support of the 

FERC relicensing of the Rolfe Canal, PUF, and PLF Projects. Passage effectiveness was evaluated using 

radio-telemetry during the 2021 spring passage season (May-June). Contoocook River inflow ranged 

between 151 to 1,432 cfs, less than the station capacity at each of the three Projects. Project turbines at 

Rolfe Canal and PUF were off for portions of the study period. Briar Hydro operated the downstream 

bypasses at both PUF and PLF and provided at least 100 cfs of flow at York Dam to meet minimum flow 

requirements for the downstream bypass reach. 

 

A total of 100 adult river herring were radio-tagged and released on one of four dates during late May 

(May 24, 25, 26, and 27). Of that total, 60 were tagged and released upstream of Rolfe Canal, 20 were 

tagged and released in the Rolfe Canal tailrace, and 20 were tagged and released in the PUF tailrace. 

Outmigration of radio-tagged adult river herring was observed over a range of dates from May 24 to June 

17 with peaks in downstream passage activity occurring May 27-28 at Rolfe Canal, May 27-30 at PUF, and 
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May 31 – June 1 at PLF. The median duration of time for radio-tagged herring released upstream of Rolfe 

Canal to move from the release location and pass downstream of all three projects was 6.6 days. When 

examined among projects, the median upstream residence duration for adult herring originating at the 

release location upstream of all three Projects was 22.3 hours at Rolfe Canal, 34.0 hours at PUF, and 39.6 

hours at PLF. The majority of downstream passage at Rolfe Canal occurred during an outage period and 

fish passed downstream via York Dam and the bypass reach.  At PUF the majority of adult herring utilized 

the downstream bypass or passed on spill (77% of all fish) with the remainder entrained at the turbine. 

Downstream passage at PLF was documented for adult herring through the turbine and downstream 

bypass in a near even proportion. Project-specific estimates of passage survival were 91.4% at Rolfe Canal, 

91.8% at PUF, and 75.9% at PLF. Cumulative estimated downstream passage survival for adult river herring 

passing all three projects was estimated at 63.6%. These estimates of downstream passage survival for 

adult river herring at the Briar Projects includes any background mortality (i.e., natural mortality) for the 

species in the downstream reach, along with any tagging-related mortalities or tag regurgitations. As a 

result, these estimates should be viewed as a minimum estimate of total project survival (i.e., due solely 

to project effects) for adult river herring at these locations. 

7. Variances from Approved Study Plan 
This study was conducted following the methodology described in the RSP which was finalized in March 

2021 and filed with FERC on July 6, 2021 
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8. Appendices 

Appendix A. Adult River Herring – Tagging Information.  

 

Frequency ID Total Length (mm) Sex Release Date Release Location 

149.320 122 304 M 5/24/2021 PUF Tailrace 

149.320 123 292 M 5/24/2021 PUF Tailrace 

149.320 124 279 F 5/24/2021 PUF Tailrace 

149.360 111 297 F 5/24/2021 PUF Tailrace 

149.360 112 293 M 5/24/2021 PUF Tailrace 

149.320 120 296 F 5/24/2021 Rolfe Tailrace 

149.320 121 294 M 5/24/2021 Rolfe Tailrace 

149.360 108 302 F 5/24/2021 Rolfe Tailrace 

149.360 109 288 M 5/24/2021 Rolfe Tailrace 

149.360 110 295 F 5/24/2021 Rolfe Tailrace 

149.320 113 264 M 5/24/2021 US Rolfe Canal 

149.320 114 285 F 5/24/2021 US Rolfe Canal 

149.320 115 289 M 5/24/2021 US Rolfe Canal 

149.320 116 276 M 5/24/2021 US Rolfe Canal 

149.320 117 287 M 5/24/2021 US Rolfe Canal 

149.320 118 318 M 5/24/2021 US Rolfe Canal 

149.320 119 326 F 5/24/2021 US Rolfe Canal 

149.360 100 297 M 5/24/2021 US Rolfe Canal 

149.360 101 312 F 5/24/2021 US Rolfe Canal 

149.360 102 297 F 5/24/2021 US Rolfe Canal 

149.360 103 290 M 5/24/2021 US Rolfe Canal 

149.360 104 293 F 5/24/2021 US Rolfe Canal 

149.360 105 292 M 5/24/2021 US Rolfe Canal 

149.360 106 295 M 5/24/2021 US Rolfe Canal 

149.360 107 295 F 5/24/2021 US Rolfe Canal 

149.320 136 291 M 5/25/2021 PUF Tailrace 

149.320 137 284 F 5/25/2021 PUF Tailrace 

149.360 147 291 M 5/25/2021 PUF Tailrace 

149.360 148 311 F 5/25/2021 PUF Tailrace 

149.360 149 314 F 5/25/2021 PUF Tailrace 

149.320 133 283 F 5/25/2021 Rolfe Tailrace 

149.320 134 290 M 5/25/2021 Rolfe Tailrace 

149.320 135 313 F 5/25/2021 Rolfe Tailrace 

149.360 145 276 F 5/25/2021 Rolfe Tailrace 

149.360 146 324 F 5/25/2021 Rolfe Tailrace 

149.320 125 270 F 5/25/2021 US Rolfe Canal 
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Frequency ID Total Length (mm) Sex Release Date Release Location 

149.320 126 287 M 5/25/2021 US Rolfe Canal 

149.320 127 317 F 5/25/2021 US Rolfe Canal 

149.320 128 292 M 5/25/2021 US Rolfe Canal 

149.320 129 281 M 5/25/2021 US Rolfe Canal 

149.320 130 288 M 5/25/2021 US Rolfe Canal 

149.320 131 282 M 5/25/2021 US Rolfe Canal 

149.320 132 303 F 5/25/2021 US Rolfe Canal 

149.360 138 276 M 5/25/2021 US Rolfe Canal 

149.360 139 280 M 5/25/2021 US Rolfe Canal 

149.360 140 315 F 5/25/2021 US Rolfe Canal 

149.360 141 273 M 5/25/2021 US Rolfe Canal 

149.360 142 297 F 5/25/2021 US Rolfe Canal 

149.360 143 300 F 5/25/2021 US Rolfe Canal 

149.360 144 279 M 5/25/2021 US Rolfe Canal 

149.320 172 283 M 5/26/2021 PUF Tailrace 

149.320 173 287 M 5/26/2021 PUF Tailrace 

149.320 174 264 M 5/26/2021 PUF Tailrace 

149.360 161 290 F 5/26/2021 PUF Tailrace 

149.360 162 317 F 5/26/2021 PUF Tailrace 

149.320 170 281 F 5/26/2021 Rolfe Tailrace 

149.320 171 282 F 5/26/2021 Rolfe Tailrace 

149.360 158 295 M 5/26/2021 Rolfe Tailrace 

149.360 159 285 M 5/26/2021 Rolfe Tailrace 

149.360 160 287 M 5/26/2021 Rolfe Tailrace 

149.320 163 288 F 5/26/2021 US Rolfe Canal 

149.320 164 297 F 5/26/2021 US Rolfe Canal 

149.320 165 295 F 5/26/2021 US Rolfe Canal 

149.320 166 292 F 5/26/2021 US Rolfe Canal 

149.320 167 292 F 5/26/2021 US Rolfe Canal 

149.320 168 266 F 5/26/2021 US Rolfe Canal 

149.320 169 307 M 5/26/2021 US Rolfe Canal 

149.360 150 286 F 5/26/2021 US Rolfe Canal 

149.360 151 288 M 5/26/2021 US Rolfe Canal 

149.360 152 305 M 5/26/2021 US Rolfe Canal 

149.360 153 293 F 5/26/2021 US Rolfe Canal 

149.360 154 304 F 5/26/2021 US Rolfe Canal 

149.360 155 290 F 5/26/2021 US Rolfe Canal 

149.360 156 271 M 5/26/2021 US Rolfe Canal 

149.360 157 283 F 5/26/2021 US Rolfe Canal 

149.320 186 304 M 5/27/2021 PUF Tailrace 

149.320 187 283 M 5/27/2021 PUF Tailrace 
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Frequency ID Total Length (mm) Sex Release Date Release Location 

149.360 197 271 M 5/27/2021 PUF Tailrace 

149.360 198 291 F 5/27/2021 PUF Tailrace 

149.360 199 286 F 5/27/2021 PUF Tailrace 

149.320 183 287 F 5/27/2021 Rolfe Tailrace 

149.320 184 276 M 5/27/2021 Rolfe Tailrace 

149.320 185 293 M 5/27/2021 Rolfe Tailrace 

149.360 195 295 F 5/27/2021 Rolfe Tailrace 

149.360 196 287 F 5/27/2021 Rolfe Tailrace 

149.320 175 285 F 5/27/2021 US Rolfe Canal 

149.320 176 295 F 5/27/2021 US Rolfe Canal 

149.320 177 283 F 5/27/2021 US Rolfe Canal 

149.320 178 271 M 5/27/2021 US Rolfe Canal 

149.320 179 286 M 5/27/2021 US Rolfe Canal 

149.320 180 295 F 5/27/2021 US Rolfe Canal 

149.320 181 304 F 5/27/2021 US Rolfe Canal 

149.320 182 291 F 5/27/2021 US Rolfe Canal 

149.360 188 298 F 5/27/2021 US Rolfe Canal 

149.360 189 290 F 5/27/2021 US Rolfe Canal 

149.360 190 290 M 5/27/2021 US Rolfe Canal 

149.360 191 277 M 5/27/2021 US Rolfe Canal 

149.360 192 278 M 5/27/2021 US Rolfe Canal 

149.360 193 291 F 5/27/2021 US Rolfe Canal 

149.360 194 309 F 5/27/2021 US Rolfe Canal 
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• Introduction and Background 

Briar Hydro Associates (Briar Hydro or Licensee) is in the process of relicensing the Rolfe Canal (FERC No. 

3240), Penacook Upper Falls (PUF; FERC No. 6689), and Penacook Lower Falls (PLF; FERC No. 3342) 

Hydroelectric Projects (Project; collectively, Projects) with the Federal Energy Regulatory Commission 

(FERC or Commission).  The Projects are located on the Contoocook River in Boscawen and Concord, New 

Hampshire.  PLF sits at river mile 0 of the Contoocook River, above the confluence with the Merrimack 

River.  The Upper Penacook and Rolfe Canal Projects are located upstream at river miles 1.0 and 2.0, 

respectively.  

The current Project licenses were issued by the Federal Energy Regulatory Commission (FERC or 

Commission) in accordance with the Commission’s delegated authority under the Federal Power Act on 

November 17, 1982 (PLF) and December 5, 1984 (Rolfe Canal and PUF). By FERC order the original April 

17, 2018 license expiration for PLF was extended from October 31, 2022 to November 30, 2024 and 

matching the expiration for the Rolfe Canal and PUF Projects. Briar Hydro is pursuing a new license for the 

three Projects through the Commission’s Traditional Licensing Process (TLP). 

In response to requests provided by the resource agencies as part of the TLP process, Briar Hydro prepared 

a Preliminary Study Plan (PSP). The intent of the PSP was that the goals, methodology, scope, and schedule 

would be refined in consultation with interested stakeholders, as necessary.  Briar Hydro distributed a 

copy of the PSP to representatives from the representatives from the U.S. Fish and Wildlife Service 

(USFWS), National Marine Fisheries Service (NMFS), New Hampshire Fish and Game Department (NHFGD) 

and the New Hampshire Department of Environmental Services (NHDES) on December 14, 2020.  

Following receipt and consultation related to comments on the PSP, Briar Hydro prepared a Revised Study 

Plan (RSP) which was finalized in March 2021 and filed with FERC on July 6, 2021.  This report describes 

the American Eel Downstream Passage Study conducted in support of obtaining a new license for the 

Project. 

61 Goals and Objectives 
The goal of this study was to determine the direct and cumulative impact of the Rolfe Canal, PUF, and PLF 

Projects on the emigration of silver eels in the Contoocook River. Specifically this study sought to: 

• quantify the movement rates and delay caused by operation of the Projects; 

• quantify the relative proportion of eels passing each emigration route at the Projects during 

various project operations; and 

• quantify instantaneous and latent mortality of eels passed via each emigration route. 

62 Study Area 
The study area for this evaluation encompassed the impoundment, dam/powerhouse structures, 

bypasses and riverine reaches immediately downstream of the three Projects. 
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63 Methodology 
Radio telemetry was employed to evaluate the downstream passage of adult silver-phase American eels 

at Rolfe Canal, PUF, and PLF Projects. Following the release of radio-tagged adult eels upstream of Rolfe 

Canal, their movements were evaluated using a series of stationary receivers installed at each Project. 

Additional stationary monitoring locations were installed at bank-side locations downstream of the 

confluence of the Contoocook and Merrimack Rivers to inform on post-passage movements. 

63.1 Telemetry Equipment 
Downstream passage of radio-tagged adult eels was recorded via a series of stationary radio telemetry 

receivers, which included equipment manufactured by both Sigma Eight and Lotek Wireless. All receivers 

were installed following consideration of the detection requirements for the specific area of coverage, as 

well as the attributes of the receiver model (e.g., desired range, ability to concurrently scan one or more 

frequencies, etc.). Each receiver was paired with either an aerial antenna (4 or 6 element Yagi) or an 

underwater drop antenna. 

Adult eels were tagged using Sigma-Eight model TX-PSC-I-450 transmitters operating on one of three 

unique frequencies (149.440, 149.480 or 149.760 MHz). Each transmitter was coded to emit a unique 

identifying signal, so that individual fish could be identified by a receiver. Transmitters utilized during this 

study were programmed to emit a 20 ms coded transmission at a 3.0 second interval. 

63.2 Monitoring Stations 
Radio telemetry antennas and receivers were installed at a number of locations at each of the three 

Projects. Each monitoring station consisted of a data-logging receiver, one or more antennas, and a power 

source. Stations were configured to receive transmitter signals from a designated area continuously 

throughout the study period. During installation of each station, range testing was conducted to configure 

the antennas and receivers in a manner which maximized detection efficiency at each location. Although 

each monitoring station was installed in a manner which limited the ability to detect transmitters from 

unwanted areas, the possibility of such detections did still exist. As a result, behavioral data collected 

during the study (i.e., duration at a specific location or passage route) was inferred based on the signal 

strength and the duration and pattern of contacts documented across the entire detection array. 

The locations of installed telemetry receivers to evaluate the downstream passage of adult eels at the 

three Projects are outlined below and presented visually in Figures 4-1 through 4-3.  

Station 01: Station 01 was installed to detect radio-tagged eels as they approached the Rolfe Canal 

headgate structure. Detections from this location were used to determine when eels arrived at the Project 

and was a component of the determination of residence time upstream of the dam and prior to passage. 

Station 01 consisted of a single antenna and radio-telemetry receiver. 

Station 02: Station 02 detected radio-tagged eels as they approached the upstream side of the York Dam. 

Detections from this location were used in conjunction with subsequent detections at Station 04 to 
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identify individuals which passed downstream of the Rolfe Canal Project via spill flows provided at this 

location. Station 02 consisted of a single antenna and radio-telemetry receiver. 

Station 03: Station 03 was installed to detect radio-tagged eels which approached the Rolfe Canal intake 

structure. Detections from this location were used in conjunction with subsequent detections at Station 

05 to identify individuals which passed downstream via the penstock and turbine unit at Rolfe Canal. 

Station 03 consisted of a single antenna and radio-telemetry receiver. 

Station 04: Station 04 detected radio-tagged eels at a point within the York Dam bypass reach 

downstream of the Dam and upstream of its confluence with outflow from the tailrace channel. 

Detections from this location were used to confirm radio-tagged individuals which passed downstream at 

the York Dam. Station 04 consisted of a single antenna and radio-telemetry receiver.  

Station 05: Station 05 detected radio-tagged eels in the Rolfe Canal tailrace. Detections from this location 

were used to confirm radio-tagged individuals which passed downstream via the turbine unit and were 

previously detected at Station 03. Station 05 consisted of a single antenna and radio-telemetry receiver.   

Station 06: Station 06 detected radio-tagged eels at a point within the historic canal discharge channel. 

Detections from this location were used to confirm radio-tagged individuals which may have passed 

downstream via the bypass at the Rolfe Canal intake structure. Station 06 consisted of a single antenna 

and radio-telemetry receiver. 

Station 07: Station 07 was installed to detect radio-tagged eels as they approached and passed a point 

approximately 100 m upstream of the PUF powerhouse intake. Detections from this location were used 

to determine when eels arrived at PUF and was a component of the determination of residence time 

upstream of the dam and prior to passage. Station 07 consisted of a single antenna and radio-telemetry 

receiver. 

Station 08: Station 08 was installed to detect radio-tagged eels as they approached the PUF intake 

structure. Detections from this location were used in conjunction with subsequent detections at Station 

11 to identify individuals which passed downstream via the PUF turbine unit. Station 08 consisted of a 

single antenna and radio-telemetry receiver. 

Station 10: Station 10 consisted of a single receiver and an aerial antenna installed to detect radio-tagged 

adult eels which passed downstream of PUF via spill flow through the bypass reach. 

Station 11: Station 11 detected radio-tagged eels in the PUF tailrace. Detections from this location were 

used to confirm radio-tagged individuals which had passed downstream via the turbine unit and were last 

detected at Station 08. Station 11 consisted of a single antenna and radio-telemetry receiver.   

Station 12: Station 12 detected radio-tagged eels as they approached and passed a point approximately 

150 m upstream of the PLF powerhouse intake. Detections from this location were used to determine 

when radio-tagged adult eels arrived at PLF and were used as a component in the determination of 
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residence time upstream of the dam and prior to passage. Station 12 consisted of a single antenna and 

radio-telemetry receiver. 

Station 13: Station 13 detected radio-tagged adult eels as they approached the upstream side of the PLF 

diversion spillway structure. Detections from this location were used in conjunction with subsequent 

detections at Station 16 to identify individuals which may have passed downstream at this location. 

Station 13 consisted of a single antenna and radio-telemetry receiver. 

Station 14: Station 14 was installed to detect radio-tagged adult eels as they approached the PLF intake 

structure. Detections from this location were used in conjunction with subsequent detections at Station 

17 to identify individuals which passed downstream via the PLF turbine unit. Station 14 consisted of a 

single antenna and radio-telemetry receiver. 

Station 16: Station 16 detected radio-tagged eels moving through the PLF bypass reach following passage 

via spill flow at the diversion or auxiliary dam structures. Station 16 consisted of a single antenna and 

radio-telemetry receiver. 

Station 17: Station 17 was installed to detect radio-tagged adult eels in the PLF tailrace. Detections from 

this location were used to confirm radio-tagged individuals which had passed downstream via the turbine 

unit and were previously detected at Station 14. Station 17 consisted of a single antenna and radio-

telemetry receiver.   

Station 18: Station 18 consisted of aerial, cross-river coverage at a point downstream of PLF.  Detections 

from this location was used to assess cumulative passage survival of radio-tagged eels following 

downstream passage at the Projects. Following receipt of property access permission, Station 18 was 

established along the Merrimack River at a point approximately 7.0 miles downstream of its confluence 

with the Contoocook River    

Station 19: Station 19 consisted of aerial, cross-river coverage at a point downstream of PLF and served 

as the second detection location to assess cumulative passage survival of radio-tagged eels following 

downstream passage at the Projects.  Following receipt of permission from Central Rivers Power, Station 

19 was installed facing upstream from the gatehouse structure at Garvins Falls (approximately 13.3 miles 

downstream of the confluence of the Contoocook and Merrimack Rivers).    

63.3 Test Fish Acquisition, Tagging and Releases 
Adult silver-phase American eels for evaluation of passage at Rolfe Canal, PUF and PLF were obtained 

from a commercial trapping operation on the St. Croix River, Maine.  Upon notification from the vendor 

on test specimen availability, eels were trucked from the St. Croix River to a temporary tank facility 

established at Garvins Falls Dam on the Merrimack River7. Transported eels were held for at least 24 hours 

prior to any tagging.  In advance of tagging, eels were visually examined; healthy eels suitable for tagging 

 
7 Central Rivers Power willingly provided a location for Normandeau staff to house and tag adult eels during this 
study. 
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were anesthetized in a clove oil and ethanol solution. Eels were held and visually monitored in the 

anesthesia bath until sufficiently sedated. Once sedated, eels were removed from the bath and placed in 

a specially designed restraining holder. The total length and eye diameter (horizontal and vertical; nearest 

0.1 mm) was measured. A previously described correlation between eye size, body length, and gonad 

development was used to confirm whether individuals were mature and could be considered as active 

outmigrants (Pankhurst, 1982). Silver-phase American eels typically have an eye index between 6.0 and 

13.5, with a bronze coloration along the lateral line that separates the dark, silver back from the white 

belly. Although eels collected from the St. Croix had a high probability of being silver based on the weir 

methodology used to collect them, eye measurements were recorded regardless.  

For tagging, an incision was made off-center on the ventral surface of the individual. A hollow needle was 

inserted into the incision and pushed through the body wall just off the ventral mid-line and at a point 

posterior to the incision. The antenna was fed through the needle and gently pulled so that the transmitter 

entered the body cavity. The needle was then be pulled through the body wall and removed from the 

antenna. The transmitter was positioned by pulling the antenna so that it lay directly under the incision. 

The incision was closed with two or three interrupted sutures. A small amount of an antibacterial ointment 

was applied to the incision site to prevent infection. Following tagging, each individual was transferred to 

a second holding tank supplied with ambient river water for an additional 24-hour observation/recovery 

period. 

A total of 105 radio-tagged adult American eels were transported via stocking truck from Garvins Falls 

Dam and released into the Contoocook River at one of three release locations.  A total of 63 individuals 

were released at a point approximately 10.0 miles upstream of Rolfe Canal, 21 individuals were released 

immediately downstream of the Rolfe Canal powerhouse, and 21 individuals were released immediately 

downstream of the PUF powerhouse. Three separate release events were conducted during the October 

2021, with each event consisting of 35 live, radio-tagged individuals. Tagged eels were distributed among 

the three release sites as follows; 21 individuals upstream of Rolfe Canal, 7 individuals downstream of 

Rolfe Canal, and 7 individuals downstream of PUF.  Releases were conducted during the evening hours. 

63.4 Data Collection 

63.4.1 Stationary Telemetry Data 

Data were downloaded from receivers weekly during the period from the initial tag and release date 

through November 31, 2021. Backup copies of all telemetry data were made prior to receiver initialization. 

Field tests to ensure data integrity and receiver performance included confirmation of file integrity, 

confirmation that the last record was consistent with the downloaded data (a portable beacon tag was 

critical to this step), and lastly, to confirm that the receiver was operational upon restart and actively 

collecting data post download. Within a data file, transmitter detections were stored as a single event 

(i.e., single data line). Each event included the date and time of detection, frequency, ID code, and signal 

strength. 
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63.4.2 Manual Telemetry Data 

To provide supplemental detection information to the stationary receiver data set, manual tracking was 

conducted twice during the monitoring period. Manual tracking events covered the section of the 

Contoocook from the area immediately upstream of Rolfe Canal to the confluence of the Contoocook and 

Merrimack Rivers downstream of PLF.  

63.4.3 River and Project Operational Data 

In addition to the radio telemetry data described above, river and project operations data were collected 

and reported for the 2021 evaluation period. Inflow at each Project was calculated as the sum of discharge 

values for the USGS flow gages 0108550 (Contoocook River downstream Hopkinton Dam) and 01086000 

(Warner River at Davisville, NH) and multiplied by a proration factor of 1.3264 for Rolfe Canal and 1.3333 

for PUF and PLF.  Water temperature was recorded using a single Onset temperature logger set to read 

at a one-hour interval and installed in the vicinity of the turbine intake at PLF.     

The Projects were operated under “baseline” conditions for the fall 2021 study period. Briar Hydro 

followed their current downstream passage operational strategy for eels and conducted nightly 

shutdowns for a three-night period following a quarter inch of rain. The York Dam gate was open and 

passed at least 100 cfs for the duration of the study period. Per their current operations plan Briar Hydro 

did not operate the downstream bypass facilities at PUF or PLF during the fall season eel outmigration 

study.  

Briar Hydro provided power output (i.e., kw) for the duration of the monitoring period at all three Projects.  

Output was converted to turbine generation (cfs) using the following equations: 

Rolfe Canal:         

• If power output < 1000 KW, then flow (cfs) = power (KW) * 0.365 + 77 

• If power output 1000-3561 KW, then flow (cfs) = power (KW) * 0.3676 + 74.31 

• If power output 3562-4406 KW, then flow (cfs) = power (KW) * 0.4561 - 240.84 

• If power output > 4406 KW, then flow (cfs) = power (KW) * 0.3662 + 155.13 

PLF:    

• If power output < 2131 KW, then flow (cfs) = power (KW) * 0.3285 + 250 

• If power output 2131-3118 KW, then flow (cfs) = power (KW) * 0.3382 + 228.43 

• If power output > 3118 KW, then flow (cfs) = power (KW) * 0.378 + 104.24 

PUF:    
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• If power output < 675 KW, then flow (cfs) = power (KW) * 0.4237 + 85 

• If power output 675-1442 KW, then flow (cfs) = power (KW) * 0.5474 + 1.442 

• If power output 1443-2183 KW, then flow (cfs) = power (KW) * 0.476 + 103.89 

• If power output > 2183 KW, then flow (cfs) = power (KW) * 0.4738 + 108.54 

Available spill flow was calculated as the difference between the calculated generation flow and prorated 

inflow for all instances where inflow was greater than generation.  

63.4.4 Downstream Drift Assessment 

In addition to the 105 radio-tagged eels released upstream of the Projects, a total of nine freshly dead 

adult American eels were radio-tagged and released downstream of PLF during the 2021 study period. 

Three individuals were released on each of the three release dates for live radio-tagged eels. The 

downstream progression of these individuals was recorded by stationary receivers 18 and 19.    

63.5 Data Analysis and Reporting 

63.5.1 Upstream Residency and Downstream Passage Routes 

A complete record of all valid detections for each uniquely coded radio-tagged adult eel was generated, 

and the pattern and timing of detections in these individual records were reviewed. For each radio-tagged 

individual released into the Contoocook River upstream of Rolfe Canal, the arrival and passage times and 

downstream route of passage were determined at Rolfe Canal, PUF, and PLF.  

The stationary telemetry dataset collected during the study also permitted the evaluation of travel time 

for radio-tagged adult eels between any two adjacent monitoring stations both prior to and following 

downstream passage at a particular project. Passage duration through any defined river reach was 

calculated as the duration from initial detection at the stationary receiver on the upstream end of the 

reach until initial detection at the stationary receiver on the downstream end of the reach. For radio-

tagged eels which approached Rolfe Canal, PUF or PLF, a ‘project residence duration’ was defined as the 

duration of time from initial detection at the dam until successful downstream passage. 

63.5.2 Parameter Estimates for Evaluation of Project Survival 

Downstream passage survival for adult eels was estimated using a standard Cormack-Jolly-Seber (CJS) 

model run for the set of individual encounter histories developed for each radio-tagged fish which was 

determined to have approached Rolfe Canal, PUF, and PLF. The CJS approach utilized during this study 

provided estimates for passage survival (Phi) of radio-tagged fish through defined reaches at the Projects. 

This approach relied on a suite of candidate models developed in Program MARK (White and Burnham 

1999) and was based on whether survival, recapture (i.e., detection), or both varied or were constant 

among stations. Models developed during this study included: 

• Phi(t)p(t): survival and recapture may vary between receiver stations; 
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• Phi(t)p(.): survival may vary between stations; recapture is constant between stations; 

• Phi(.)p(t): survival is constant between stations; recapture may vary between stations; and 

• Phi(.)p(.): survival and recapture are constant between stations. 

Where; 

• Phi = probability of survival 

• p = probability of detection 

• (t) = parameter varies  

• (.) = parameter is constant  

To evaluate the fit of the CJS model, goodness of fit testing was conducted for the “starting model” (i.e., 

the fully parameterized model) using the function RELEASE within Program MARK.  Akaike’s Information 

Criterion (AIC) was used to rank the models as to how well they fit the observed mark-recapture data. 

Lower AIC values denote a more explanatory yet parsimonious fit than higher AIC values. The model with 

the lowest AIC value was selected for the purposes of generating passage effectiveness estimates. 

For all fish determined to have approached the Projects, an encounter history was assembled as the series 

of sequential detection (1) or no detection (0) records for each individual fish at: 

• Release Location (1), 

• Station 01/02, Rolfe Canal Approach (0 or 1),  

• Station 08, PUF Approach (0 or 1),  

• Station 12, PLF Approach (0 or 1),  

• Station 18, Downstream Station #1 (0 or 1), and 

• Station 19, Downstream Station #2 (0 or 1). 

The resulting model permitted the estimation of passage survival for (1) Rolfe Canal, (2) PUF, (3) PLF, and 

(4) cumulative survival through each of the three Projects.  

• Passage survival at the Rolfe Canal Project was estimated as the probability of a radio-tagged adult 

eels to be detected approaching PUF following an initial detection at Station 01/02.  

• Passage survival at the PUF Project was estimated as the probability of a radio-tagged adult eels 

to be detected approaching PLF following an initial detection at Station 08.  

• Passage survival at the PLF Project was estimated as the probability of a radio-tagged adult eels 

to be detected approaching Station 18 (i.e., the first downstream receiver) following an initial 

detection at Station 12.  

• Cumulative survival for passage survival at all three Projects was estimated as the joint probability 

of survival at from Rolfe Canal to PUF, PUF to PLF, and PLF to the first downstream receiver. 

This approach assumed that the background mortality (i.e., natural mortality such as predation) was 

negligible for adult eels in the reaches downstream of each dam and that the observed losses are 

attributable solely to Project effects.  The use of this assumption results in a minimum estimate of total 

Project survival for adult eels passing downstream of the three Projects.  
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In addition to the base model to assess downstream passage survival for adult American eels at Rolfe 

Canal, PUF, and PLF individually and cumulatively, additional models were prepared which evaluated 

downstream passage success for eels by: 

• Downstream passage route; 

• Operational condition (i.e., normal generation or precipitation-triggered station shutdown; and 

• Average “travel time” for freshly dead eels released in the PLF tailrace to reach Station 18 (i.e., 

test eels whose travel time from PLF to Garvins Falls Dam was in excess of the average drift 

duration were manually adjusted to reflect mortality passing through the Projects). 
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Figure 60–12. Final stationary receiver placement at Rolfe Canal for the adult silver eel downstream passage study, October 12 – 
November 30, 2021. 
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Figure 60–13. Final stationary receiver placement at PUF for the adult silver eel downstream passage study, October 12 – 

November 30, 2021. 
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Figure 60–14. Final stationary receiver placement at PLF for the adult silver eel downstream passage study, October 12 – 

November 30, 2021. 
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64 Results 

64.1 Contoocook River Conditions  

The first group of radio-tagged adult eels was released into the Contoocook River on the evening of 

October 12, 2021 and monitoring for all individuals continued until November 30, 2021. Figure 5-1 

presents the Contoocook River flow (prorated to Rolfe Canal) for the 2021 adult eel study period. Over 

the course of the 2021 fall monitoring period, inflow at Rolfe Canal ranged from 673 cfs to 5,581 cfs (P25 

= 918 cfs; median = 1,669 cfs; P75 = 2,354 cfs).  

Hourly temperature readings collected for the duration of the study period from the intake area at PUF 

are presented in Figure 5-1. River temperature over the course of the full monitoring period ranged 

between 2-17oC (median = 8oC).  Mean daily water temperature on release dates (October 12, 20, and 26) 

were 16, 15, and 12oC, respectively. 

 

Figure 60–15. Contoocook River flow prorated for Rolfe Canal for the adult eel downstream 
passage study period, October 12 – November 30, 2021. 

64.2 Briar Hydro Project Operations 

64.2.1 Rolfe Canal 

Total discharge reported for Rolfe Canal during the downstream adult eel passage study period from 

October 12 to November 30, 2021 is presented in Figure 5-2. The Rolfe Canal turbine was in operation for 

most of the study period with the exception of precipitation triggered nighttime outages on the nights of 

October 17-18, 18-19, 19-20, 25-26, 26-27, 27-28, 28-29, and 30-31, October 31-November 1, November 

1-2, and 2-3. Nighttime shutdowns were terminated on November 4 when river temperature reached 

10oC. Flow at York Dam ranged from the existing minimum flow of 100 cfs up to a high of 2,567 cfs on 

November 2.  
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64.2.2 Penacook Upper Falls 

Total discharge reported for PUF during the downstream adult eel passage study (October 12 to 

November 30, 2021) is presented in Figure 5-3. The PUF turbine was in operation for most of the study 

period with the exception of precipitation triggered nighttime outages on the nights of October 17-18, 18-

19, 19-20, 25-26, 26-27, 27-28, 28-29, and 30-31, October 31-November 1, November 1-2, and 2-3.  

Nighttime shutdowns were terminated on November 4 when river temperature reached 10oC. The PUF 

downstream bypass facility was closed for the duration of the adult eel study period. Spill flow at PUF 

ranged from zero up to a high of 5,530 cfs on November 1.  

64.2.3 Penacook Lower Falls 

Total discharge reported for PLF during the downstream adult eel study (October 12 to November 30, 

2021) is presented in Figure 5-4. The PLF turbine was in operation for most of the study period with the 

exception of precipitation triggered nighttime outages on the nights of October 17-18, 18-19, 19-20, 25-

26, 26-27, 27-28, 28-29, and 30-31, October 31-November 1, November 1-2, and 2-3. Nighttime 

shutdowns were terminated on November 4 when river temperature reached 10oC. The PLF downstream 

bypass facility was closed for the duration of the adult eel study period. Spill flow at PLF ranged from zero 

up to a high of 5,365 cfs on November 1. 

 

Figure 60–16. Distribution of Rolfe Canal discharge during the adult eel downstream passage 
study period, October 12 – November 30, 2021. 
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Figure 60–17. Distribution of PUF discharge during the adult eel downstream passage study 
period, October 12 – November 30, 2021. 

 

Figure 60–18. Distribution of PLF discharge during the adult eel downstream passage study 
period, October 12 – November 30, 2021. 

64.3 Monitoring Station Functionality 
Radio-tagged silver-phase eels were released into the Contoocook River beginning on the evening of 

October 12, 2021, and the study plan called for continuous monitoring at project locations through the 
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month of November.  Normandeau conducted weekly checks and downloads of all stationary receivers 

during that period.  Station coverage was determined by a combination of portable beacon transmitter 

detections and observations reported by field personnel conducting the receiver checks and data 

downloads. Each of the 17 stationary monitors operated with no issues for the duration of the study 

period (Figure 5-5). 

 

Figure 60–19. Monitoring station operational coverage for receiver stations at Rolfe Canal, 
PUF, and PLF during the adult eel downstream passage study period, October 12 
– November 30, 2021. 

64.4 Downstream Drift Assessment 
A total of nine freshly dead, radio-tagged American eels were released into the tailrace from the back 

deck of the PLF powerhouse during the fall 2021 passage study. Freshly-dead eels were released intact 

and were assumed representative of an individual which suffered a strike or shear related malady causing 

mortality during passage. Three individuals were released in the tailrace on each date where a group of 

radio-tagged eels were released upstream of the Projects.  Table 5-1 provides a summary of the release 

schedule and date-time of first detection for the drift eels to arrive at monitoring stations downstream of 

the Projects (i.e., Stations 18 and 19).   

Of the nine freshly dead, radio-tagged eels released at PLF, three were eventually detected at Station 19 

(located at Garvins Falls Dam, 13.3 miles downstream of the confluence of the Contoocook and Merrimack 

Rivers). The duration to drift from the PUF tailrace downstream to Garvins Falls ranged between 2.4 and 

12.8 days. The remaining six eels did not drift as far downstream as Station 18, located approximately 7.0 

miles downstream of the confluence of the Contoocook and Merrimack Rivers.  Five of the remaining 

seven freshly dead eels were detected during manual tracking at locations nearer to PLF than the first 

downstream receiver (Station 18). Drift eels were detected in the vicinity of the confluence of the 
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Contoocook and Merrimack Rivers (n = 2) and at points 1.3, 3.8, and 5.5 miles downstream of the 

confluence. 

Table 60–18. Summary of the downstream drift distance and duration for freshly dead, radio-
tagged silver eels released in the PUF tailrace during the adult eel downstream 
passage study period, October 12 – November 30, 2021 

Release 
Date 

PLF 
Discharge 

(cfs) 
ID Frequency 

Total 
Length 
(mm) 

Station 18 Arrival Station 19 Arrival Drift Duration 

Date Time Date Time Hours Days 

12-Oct 1027 

160 149.760 872 - - - - - - 

161 149.760 777 - - - - - - 

162 149.760 817 14-Oct 22:34:56 15-Oct 3:19:21 57.1 2.4 

20-Oct 860 

163 149.760 910 - - - - - - 

164 149.760 685 23-Oct 21:06:13 2-Nov 13:27:36 307.6 12.8 

165 149.760 675 - - - - - - 

26-Oct Offline* 

166 149.760 873 - - - - - - 

167 149.760 651 28-Oct 23:00:33 31-Oct 23:02:54 125.4 5.2 

168 149.760 708 - - - - - - 

*Released into area of spillway flow adjacent to powerhouse tailrace (due to station shutdown) 

64.5 Eel Tagging and Releases 
Eels were tagged and released upstream of the three Projects over three dates starting on October 12 and 

ending on October 26 (Table 5-2).  A total of 105 live silver-phase American eels were radio-tagged and 

released upstream of Rolfe Canal, PUF, and PLF. Live radio-tagged eels were released approximately 10.0 

miles upstream of Rolfe Canal (n = 63), in the tailrace channel of Rolfe Canal (n=21), and in the tailrace 

channel of PUF (n=21). Eels tagged and released at all locations upstream of the Projects ranged in length 

from 552 to 986 mm. Eye index values recorded for all upstream test eels (6.9-13.3) were within the 

reported range (6.0-13.5) for outmigrating eels. A listing of tagging and biocharacteristics information for 

eels released during 2021 is provided in Appendix A. 

64.6 Project Arrival  
Releases of radio-tagged adult eels were initiated upstream of Rolfe Canal, PUF, and PLF on October 12, 

2021. The subset of radio-tagged eels released upstream of Rolfe Canal were placed in the Contoocook 

River at a point upstream of the Rolfe Canal Project impoundment. These individuals were initially 

detected at either Station 01 or 02 as they arrived at Rolfe Canal. The median duration of time for radio-

tagged individuals to move through the Rolfe Canal impoundment and arrive at the Dam was 46.9 hours 

(P25 = 9.9 hours; P75 = 106.9 hours; Table 5-3). When examined by release date the duration of time for 

tagged eels to move through the Rolfe Canal impoundment appeared shorter for the October 12 and 26th 

release groups.   
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Figure 5-5 presents the distribution of arrival dates for radio-tagged individuals at each of the three 

Projects. Radio-tagged silver-phase eels were initially detected at Rolfe Canal starting on the date after 

the initial release until October 31 with the majority approaching Rolfe Canal the two dates after the first 

release (October 13-14) and between October 25-28. Approach timing at Rolfe Canal was determined 

based on the initial detection for each eel at Station 01 (i.e., the power canal headgate structure) or 02 

(upstream of York Dam). Of the 63 radio-tagged adult eels which approached Rolfe Canal, 10% individuals 

were detected at both Stations 01 and 02, 33% were detected only at Station 01, and 57% were detected 

only at Station 02. The majority of individuals approaching Rolfe Canal from the first release group (i.e., 

October 12) were more likely to either pass downstream of Station 01 and approach the intakes (57% of 

eels) or approach the intakes prior to moving over to the region immediately upstream or York Dam (i.e., 

Station 02; 19% of eels). Eels from the second release group (i.e., October 20) had a slightly higher 

likelihood of initial detection upstream of York Dam (57%) than an initial detection in the vicinity of the 

intakes (43%).  The majority of radio-tagged adult eels released on October 26 were initially detected at 

the York Dam receiver (Station 02; 19 of 21 individuals. 

Approach timing at PUF and PLF was determined based on the initial detection for each eel at Stations 07 

and 12, respectively. Radio-tagged silver-phase eels released upstream of Rolfe Canal or in the Rolfe Canal 

tailrace were initially detected at PUF on October 13 and October 12, respectively.  Eels from both release 

locations continued to arrive at PUF through November 2 with arrivals peaking between October 26 and 

28.  A similar pattern was observed at PLF for eels released upstream of Rolfe Canal or in the Rolfe Canal 

or PUF tailraces.  Initial detection of eels from each release location occurred within 1-2 days of release 

and individuals were detected arriving at PLF through November 1 with a peak in arrival of radio-tagged 

eels between October 25 and October 28, 2021. 

64.7 Upstream Residence Duration 
Outmigrating adult eels encountering Rolfe Canal can (1) pass through the gatehouse and enter the power 

canal where they can (a) pass downstream through the turbine or (b) move back upstream, (2) approach 

York Dam where they can (a) pass downstream by way of spill through the bypass reach, or (b) move back 

upstream, or (3) spend a period of time in both locations prior to eventual downstream passage. When 

all individuals are considered the median upstream residence duration (i.e., the duration of time from 

initial detection upstream of Rolfe Canal until downstream passage) was 0.3 hours (P25 = 0.1 hours; P75 

= 0.8 hours; Table 5-4).  When evaluated by behavior, the median upstream residence duration was 

shorter for individuals which either directly approached only the Rolfe Canal powerhouse (n = 21; median 

= 0.7 hours) or York Dam (n = 36; median = 0.1 hours) versus those which spent a portion of time upstream 

of both the powerhouse and York Dam (n = 6; median = 87.7 hours).  Table 5-5 provides a summary of the 

calculated upstream residence duration values for radio-tagged adult eels at Rolfe Canal based on their 

initial date of detection. For dates with multiple arrivals, the median upstream residence duration 

appeared longer for dates earlier in the study period. River flow increased during the period from the 

onset of the study in early October through early November, likely facilitating shorter periods of residence 

upstream of the dam for eels arriving later in the period. For all adult eels approaching Rolfe Canal, 89% 

passed downstream within 24 hours of initial arrival and 90% within 72 hours of initial arrival.   
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Following their initial detection at PUF, the median upstream residence duration for radio-tagged eels was 

0.3 hours (P25 = 0.1 hours; P75 = 1.6 hours; Table 5-6).  The median duration did not differ greatly between 

adult eels originating upstream of Rolfe Canal (0.2 hours) or released directly into the Rolfe Canal tailrace 

(median = 0.4 hours).  Table 5-7 summarizes upstream residence duration by the eventual route of 

passage at PUF. Similar to the observation between release locations there did not appear to be a 

difference between the median duration of residence upstream of PUF prior to downstream passage for 

adult eels which moved downstream through the turbine (0.2 hours; P25 = 0.1 hours; P75 = 1.6 hours) or 

made use of spill (0.3 hours; P25 = 0.1 hours; P75 = 1.4 hours). Upstream residence duration summarized 

by approach date at PUF is presented in Table 5-8. For all adult eels approaching PUF, 88% passed 

downstream within 24 hours of initial arrival and 91% within 72 hours of initial arrival.   

Following arrival at PLF, the median upstream residence duration for radio-tagged adult eels was 1.0 hour 

(P25 = 0.4 hours; P75 = 8.8 hours; Table 5-9). The median duration of upstream residence appeared similar 

for adult eels among the three release locations ranging from a high of 2.1 hours for radio-tagged eels 

released into the tailrace at Rolfe Canal to a low of 1.0 hours for radio-tagged eels released immediately 

upstream of PLF in the tailrace at PUF. Table 5-10 summarizes upstream residence duration for adult eels 

by their eventual route of downstream passage at PLF. The median values for upstream residence 

duration between passage routes utilized during the 2021 study were 1.0 hours (P25 = 0.4; P75 = 4.5 

hours) for eels passing PLF via spill and 1.2 hours (P25 = 0.3; P75 = 21.3 hours) for eels passing downstream 

through the PLF turbine unit. Upstream residence duration summarized by approach date at PLF is 

presented in Table 5-11. For all adult radio-tagged adult eels which approached PLF, 85% passed 

downstream within 24 hours of initial arrival and 97% within 72 hours of initial arrival.   

64.8 Downstream Passage 
A total of 63 radio-tagged adult silver eels were released upstream of Rolfe Canal during October, 2021.  

Of that total, all 63 were determined to have approached Rolfe Canal and were available for the evaluation 

of downstream passage route (Table 5-12). The majority (68%) of radio-tagged eels passed downstream 

via York Dam. Of the 43 individuals which passed downstream of Rolfe Canal via spill at York Dam, 40 of 

those passage events occurred during precipitation-triggered shut down events between October 18 and 

31. 

Table 5-13 summarizes downstream passage route utilization for adult American eels which approached 

PUF. A total of 84 radio-tagged adult eels were released at points upstream of PUF during October 2021. 

Of that total, 81 (96%) were determined to have approached the Project and were available for the 

evaluation of downstream passage route. The majority (75%) of radio-tagged silver-phase eels passed 

downstream of PUF via spill.  Approximately 22% of radio-tagged eels passed downstream of PUF using 

the turbine unit. Of the 61 radio-tagged eels which passed downstream at PUF via spill, 56 of those 

passage events occurred during precipitation-triggered shut down events between October 18 and 

November 1. 
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Of the 105 radio-tagged adult eels released at locations upstream of PLF, 90% were determined to have 

approached the Project and were available for the evaluation of downstream passage route (Table 5-14). 

Downstream passage of adult eels at PLF occurred via the Project turbine (33% of all events) and spill (61% 

of all events). A limited number of individuals (n = 6) were detected on the approach at PLF but were 

determined to have not successfully passed downstream during the study period. These individuals may 

succumb to injuries during previous passage at Rolfe Canal and/or PUF. Of the 57 radio-tagged eels which 

passed downstream at PLF via spill, 56 of those passage events occurred during precipitation-triggered 

shut down events between October 25 and November 1. 

Radio-tagged adult American eels were observed passing downstream of Rolfe Canal between October 

13 and 31 with the majority of downstream passage events occurring on or after October 21 (Figure 5-7). 

At PUF, downstream passage of adult eels was recorded between October 12 and November 1 when 

individuals from all upstream release locations were considered. The first downstream passage event at 

PLF was recorded on October 12. Downstream passage of radio-tagged adult eels at PLF peaked during a 

three-day period from October 26 to October 28 and the final event was observed on November 2, 2021. 

Figure 5-8 presents the timing distribution of downstream passage events for radio-tagged adult eels at 

the Projects. Downstream passage events for eels at the three Projects occurred primarily during the 

nighttime hours (defined as 1800 to 0600 hours). Observations of downstream passage outside of the 

nighttime hours occurred for 3% of eels at Rolfe Canal, 2% of eels at PUF, and 9% of eels at PLF.  

64.9 River Transit 

64.9.1 Project Reach Transit 

Radio-tagged adult eels were released at one of three locations within the Project areas (upstream of 

Rolfe Canal, downstream of Rolfe Canal, or downstream of PUF). Table 5-15 summarizes the overall 

duration of time from release until passage downstream at the lowermost Project (PLF).  The median 

duration of time for radio-tagged eels released upstream of Rolfe Canal to pass downstream of all three 

Projects was 143.1 hours (6.0 days; P25 = 2.0 days; P75 = 10.2 days). Radio-tagged silver-phase eels 

released in the tailrace at Rolfe Canal (median = 30.1 hours) and in the tailrace at PUF (median = 4.3 hours) 

were shorter than that observed for fish released upstream of Rolfe Canal. Radio-tagged eels released 

upstream of Rolfe Canal had to transit 10 miles of the Contoocook River as well as navigate downstream 

of Rolfe Canal, adding to their overall time upstream of the three Projects.   

64.9.2 Downstream Reach Transit 

Two monitoring stations were installed downstream of PLF for the purpose of detecting radio-tagged eels 

following outmigration from the Contoocook River during the fall passage assessment. Those receivers 

were located approximately 7.0 (Station 18) and 13.3 (Monitoring Station 19) miles downstream of the 

confluence of the Contoocook and Merrimack Rivers. Quartile transit times for adult eels (1) following 

downstream passage at PLF to Station 18, (2) from Station 18 to Station 19, and (3) for the full downstream 

river section are presented in Table 5-16. The median transit time durations for all tagged eels moving 

downstream of PLF were 44.7, 23.0, and 73.1 hours for the three downstream reaches, respectively. The 
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median values and quartile ranges were comparable among the three release locations (upstream of Rolfe 

Canal, Rolfe Canal tailrace, and PUF tailrace) when the time from downstream passage at PLF until arrival 

at Garvins Falls Dam is considered.  
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Table 60–19. Summary of release and biological information (total length and sex) for silver-
phase adult eels radio-tagged and released upstream of the Briar Hydro Projects 
(October 2021) 

Silver-Phase Eels 
Release Location 

US Rolfe Canal US PUF US PLF All 

Release Dates (Oct) 12, 20, 26 12, 20, 26 12, 20, 26 12, 20, 26 

Number Released 63 21 21 105 

Min. Total Length (mm) 552 690 660 552 

Max. Total Length (mm) 970 986 895 986 

Mean Total Length (mm) 811 804 781 804 

Eye Index (range) 6.9-13.3 8.3-11.7 7.3-12.6 6.9-13.3 

 
Table 60–20. Minimum, maximum and quartile values for Rolfe Canal impoundment duration 

(by release date) during the adult eel downstream passage study period, 
October 12 – November 30, 2021 

American Eel - Rolfe Canal Impoundment Duration (hrs) 

Release Date Minimum P25 P50 (Median) P75 Maximum 

12-Oct 6.5 8.5 29.6 102.5 384.2 

20-Oct 8.5 56.7 123.6 143.7 243.5 

26-Oct 7.2 7.8 23.9 48.4 103.2 

All 6.5 9.9 46.9 106.9 384.2 

 
Table 60–21. Minimum, maximum and quartile values for Rolfe Canal upstream residence 

duration (by project behavior) during the adult eel downstream passage study 
period, October 12 – November 30, 2021 

American Eel - Upstream Residence Duration (hrs) 

Rolfe Approach Minimum P25 P50 (Median) P75 Maximum 

Powerhouse & York Dam 43.9 73.1 87.7 97.8 281.8 

Powerhouse 0.3 0.7 0.7 0.9 114.2 

York Dam <0.1 0.1 0.1 0.2 3.1 

All <0.1 0.1 0.3 0.8 281.8 
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Table 60–22. Minimum, maximum and quartile values for Rolfe Canal upstream residence 
duration (by approach date) during the adult eel downstream passage study 
period, October 12 – November 30, 2021 

American Eel – Upstream Residence Duration (hrs) 

Approach Date n P25 P50 (Median) P75 

13-Oct 9 0.6 0.7 0.8 

14-Oct 5 3.1 18.7 97.8 

15-Oct 1 73.1 73.1 73.1 

17-Oct 2 43.9 79.1 114.2 

18-Oct 1 0.2 0.2 0.2 

21-Oct 3 0.6 0.7 0.7 

22-Oct 2 0.8 45.3 89.8 

23-Oct 3 0.7 0.8 0.9 

24-Oct 1 0.9 0.9 0.9 

25-Oct 4 0.1 0.3 43.0 

26-Oct 6 0.1 0.2 0.4 

27-Oct 14 0.1 0.1 0.1 

28-Oct 9 0.1 0.1 0.1 

29-Oct 1 0.4 0.4 0.4 

30-Oct 1 0.1 0.1 0.1 

31-Oct 1 0.1 0.1 0.1 

All 63 0.1 0.3 0.8 

 

Table 60–23. Minimum, maximum and quartile values for PUF upstream residence duration 
(by release location) during the adult eel downstream passage study period, 
October 12 – November 30, 2021 

American Eel - Upstream Residence Duration (hrs) 

Release Location Minimum P25 P50 (Median) P75 Maximum 

Upstream Rolfe Canal 0.1 0.1 0.2 1.4 335.2 

Rolfe Canal Tailrace 0.1 0.1 0.4 1.6 314.4 

All 0.1 0.1 0.3 1.6 335.2 

 

Table 60–24. Minimum, maximum and quartile values for PUF upstream residence duration 
(by passage route) during the adult eel downstream passage study period, 
October 12 – November 30, 2021 

American Eel - Upstream Residence Duration (hrs) 

Passage Route Minimum P25 P50 (Median) P75 Maximum 

Spill 0.1 0.1 0.3 1.4 335.2 

Turbine 0.1 0.1 0.2 1.6 92.7 

All 0.1 0.1 0.3 1.6 335.2 
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Table 60–25. Minimum, maximum and quartile values for PUF upstream residence duration 
(by approach date) during the adult eel downstream passage study period, 
October 12 – November 30, 2021 

American Eel - Upstream Residence Duration (hrs) 

Approach Date n P25 P50 (Median) P75 

12-Oct 6 0.2 0.5 0.9 

13-Oct 3 0.1 0.5 36.8 

14-Oct 4 0.1 131.9 264.5 

15-Oct 2 268.8 302.0 335.2 

18-Oct 3 0.1 0.1 0.1 

19-Oct 1 140.1 140.1 140.1 

20-Oct 4 0.4 1.1 4.7 

21-Oct 4 2.9 36.1 79.6 

24-Oct 1 0.1 0.1 0.1 

25-Oct 5 0.2 0.5 1.6 

26-Oct 12 0.1 0.2 0.5 

27-Oct 16 0.1 0.2 0.7 

28-Oct 11 0.1 0.2 1.0 

29-Oct 2 0.3 1.1 1.8 

30-Oct 1 0.1 0.1 0.1 

31-Oct 2 0.1 10.4 20.8 

All 77 0.1 0.3 1.6 

 
Table 60–26. Minimum, maximum and quartile values for PLF upstream residence duration 

(by release location) during the adult eel downstream passage study period, 
October 12 – November 30, 2021 

American Eel - Upstream Residence Duration (hrs) 

Release Location Minimum P25 P50 (Median) P75 Maximum 

Upstream Rolfe Canal 0.1 0.3 1.2 18.5 193.1 

Rolfe Canal Tailrace 0.2 0.4 2.1 9.1 82.7 

PUF Tailrace 0.2 0.4 1.0 1.3 48.3 

All 0.1 0.4 1.0 8.8 193.1 

 

Table 60–27. Minimum, maximum and quartile values for PLF upstream residence duration 
(by passage route) during the adult eel downstream passage study period, 
October 12 – November 30, 2021 

American Eel - Upstream Residence Duration (hrs) 

Passage Route Minimum P25 P50 (Median) P75 Maximum 
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Spill 0.2 0.4 1.0 4.5 193.1 

Turbine 0.1 0.3 1.2 21.3 192.5 

All 0.1 0.4 1.0 8.8 193.1 

Table 60–28. Minimum, maximum and quartile values for PLF upstream residence duration 
(by approach date) during the adult eel downstream passage study period, 
October 12 – November 30, 2021 

American Eel - Upstream Residence Duration (hrs) 

Approach Date n P25 P50 (Median) P75 

12-Oct 5 0.3 0.4 0.4 

13-Oct 1 0.7 0.7 0.7 

14-Oct 2 0.2 33.0 65.8 

17-Oct 2 0.2 17.1 33.9 

18-Oct 3 18.9 192.5 193.1 

20-Oct 6 0.3 1.0 8.0 

21-Oct 2 0.1 0.6 1.1 

22-Oct 1 82.7 82.7 82.7 

24-Oct 2 0.3 0.8 1.2 

25-Oct 8 5.5 14.5 33.1 

26-Oct 22 0.4 1.1 3.9 

27-Oct 15 0.5 1.7 14.6 

28-Oct 12 0.4 0.5 0.8 

29-Oct 1 0.3 0.3 0.3 

30-Oct 3 0.1 0.2 0.4 

31-Oct 2 0.2 24.4 48.5 

1-Nov 1 1.4 1.4 1.4 

All 88 0.4 1.0 8.8 

 
 

Table 60–29. Downstream passage route selection for radio-tagged silver-phase American 
eels released upstream of Rolfe Canal during the fall downstream passage study 
period, October 12 – November 30, 2021 

American Eel - Rolfe Canal Downstream Passage Route 

Release Date 
Release 
Location 

No. 
Released 

No. 
Detected 

Turbine 
York 
Dam 

12-Oct US Rolfe 21 21 12 9 

20-Oct US Rolfe 21 21 7 14 

26-Oct US Rolfe 21 21 1 20 

All 63 63 20 43 

% of Total Detected 32% 68% 
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Table 60–30. Downstream passage route selection for radio-tagged silver-phase American 
eels released upstream of PUF during the fall downstream passage study period, 
October 12 – November 30, 2021 

American Eel - PUF Downstream Passage Route 

Release 
Date 

Release 
Location 

No. Released No. Detected Turbine Spill 
No 

Pass 

12-Oct 
US Rolfe 21 20 6 14 0 

DS Rolfe 7 7 4 3 0 

20-Oct 
US Rolfe 21 19 4 13 2 

DS Rolfe 7 7 3 4 0 

26-Oct 
US Rolfe 21 21 1 20 0 

DS Rolfe 7 7 0 7 0 

All 84 81 18 61 2 

% of Total Detected 22% 75% 3% 

 
Table 60–31. Downstream passage route selection for radio-tagged silver-phase American 

eels released upstream of PLF during the fall downstream passage study period, 
October 12 – November 30, 2021 

American Eel - PLF Downstream Passage Route 

Release 
Date 

Release 
Location 

No. 
Released 

No. 
Detected 

Turbine Spill 
No 

Pass 

12-Oct 

US Rolfe 21 16 5 8 3 

DS Rolfe 7 6 4 1 1 

DS PUF 7 7 6 1 0 

20-Oct 

US Rolfe 21 17 3 13 1 

DS Rolfe 7 6 4 2 0 

DS PUF 7 7 6 1 0 

26-Oct 

US Rolfe 21 21 3 17 1 

DS Rolfe 7 7 0 7 0 

DS PUF 7 7 0 7 0 

All 105 94 31 57 6 

% of Total Detected 33% 61% 6% 
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Table 60–32. Quartile values for the project reach transit duration (by release location) 
observed for radio-tagged adult eels released during the fall downstream 
passage study period, October 12 – November 30, 2021 

American Eel - Project Reach Transit (hrs) 

Release Location P25 P50 (Median) P75 

Upstream Rolfe Canal 48.4 143.1 244.6 

Rolfe Canal Tailrace 3.6 30.1 152.8 

PUF Tailrace 2.6 4.3 31.0 

All 7.8 50.9 162.9 

 
Table 60–33. Quartile values for the downstream transit duration (by release location) 

observed for radio-tagged adult eels released during the fall downstream 
passage study period, October 12 – November 30, 2021 

American Eel - Downstream Transit (hrs) 

River Reach Release Location P25 P50 (Median) P75 

PLF to Station 18 

Upstream Rolfe Canal 14.5 39.3 68.7 

Rolfe Canal Tailrace 15.6 68.5 99.2 

PUF Tailrace 22.1 47.9 146.6 

All 14.5 44.7 88.0 

Station 18 to Station 19 

Upstream Rolfe Canal 15.7 24.5 45.4 

Rolfe Canal Tailrace 4.4 17.6 24.8 

PUF Tailrace 4.6 24.2 40.5 

All 4.8 23.0 42.2 

PLF to Station 19 

Upstream Rolfe Canal 43.1 71.0 97.4 

Rolfe Canal Tailrace 30.0 95.6 122.4 

PUF Tailrace 48.2 97.4 169.1 

All 42.1 73.1 107.7 
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Figure 60–20. Approach date (by release location) for radio-tagged adult eels at Rolfe Canal 

(upper), PUF (middle), and PLF (lower) during the downstream passage study 
period, October 12 – November 30, 2021.  
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Figure 60–21. Downstream passage date (by release location) for radio-tagged adult eels at 
Rolfe Canal (upper), PUF (middle), and PLF (lower) during the downstream 
passage study period, October 12 – November 30, 2021.
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Figure 60–22. Downstream passage timing for radio-tagged adult eels at Rolfe Canal (upper 
left), PUF (upper right), and PLF (lower) during the downstream passage study 
period, October 12 to November 30, 2021. 
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64.10 Passage Survival 

Cumulative Project Survival 

The CJS model Phi(t)p(t) provided the best fit for the observed mark-recapture data associated with 

downstream movements of all radio-tagged adult American eels approaching and passing at Rolfe Canal, 

PUF, and PLF during the 2021 study period (Table 5-17).  The detection efficiency for telemetry receivers 

recording passage of adult eels at locations incorporated into the CJS model ranged from 1.0 to 0.98. The 

reach-specific survival estimates for the Project reach are presented in Table 5-18. Project-specific 

estimates of passage survival were 92.1% (95% CI = 82.3-96.7%) for Rolfe Canal, 84.8% (95% CI = 75.1-

91.2%) for PUF, and 90.9% (95% CI = 82.9-95.4%) for PLF. Downstream passage success for adult eels at 

the full set of Projects was calculated as the joint probability of the three reach-specific survival estimates 

which encompassed the riverine section from arrival at Rolfe Canal downstream to a point approximately 

7.0 miles below the confluence of the Contoocook and Merrimack Rivers. This resulted in a cumulative 

estimated downstream passage survival for silver-phase American eels of 71.0% (95% CI = 60.8-80.4%).   

Route-Specific Survival 

Radio-tagged adult eels approached and passed downstream at Rolfe Canal, PUF, and PLF via either spill 

or entrainment through Project turbines (Section 5.8). Individual CJS models were run for the subset of 

individuals utilizing each passage route at the three Projects (Table 5-19). Survival rates for adult eels 

passing downstream through project turbines ranged from 50.0% to 75.0%. Survival rates for silver-phase 

eels passing downstream via spill ranged from 95.1% to 100%. 

Nighttime Shutdown Effectiveness 

Briar Hydro currently shuts down turbine operation at Rolfe Canal, PUF, and PLF for a three-night period 

following a quarter inch of rain to facilitate downstream eel passage. To evaluate the effectiveness of 

these trigger-based shutdown events, paired CJS models were developed for the subset of radio-tagged 

eels passing downstream at each Project when the turbine unit was online and generating versus periods 

of intentional turbine shutdown. Downstream passage survival for adult eels passing at Rolfe Canal, PUF, 

and PLF under the trigger-based shutdown condition was 21.7%, 39.9%, and 21.6% higher than that 

observed under the normal operating condition (Table 5-20).  

Drift-Adjusted Cumulative Survival 

As described in Section 4.5.2, an adjusted estimate for cumulative downstream passage survival of adult 

American eels at the Projects was generated following the manual modification of the individual 

encounter histories for test eels with downstream travel times to Station 18 in excess of the average drift 

duration observed for three of the nine freshly dead radio-tagged eels released downstream of PLF (Figure 

5-9). Based on this assumption, nine test eels were adjusted because they exhibited downstream transit 

durations from PLF to Garvins Falls Dam longer than 163.4 hours (n = 9; range = 169.1-459.4 hours). 

When informed using the adjusted encounter histories, the CJS model Phi(t)p(t) provided the best fit for 

the observed mark-recapture data associated with eels approaching and passing at Rolfe Canal, PUF, and 
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PLF during the 2021 study period (Table 5-21). This resulted in an adjusted cumulative estimate of 

downstream passage survival for silver-phase American eels passing Rolfe Canal, PUF, and PLF of 63.0% 

(95% CI = 52.4-73.2%).   

Table 60–34. CJS model selection criteria for survival of radio-tagged adult eels released 
during the fall downstream passage study period, October 12 to November 30, 
2021 

Model AICc 
Delta 
AICc 

AICc 
Weight 

Model 
Likelihood 

No. 
Parameters 

Deviance 

Phi(t) p(t) 174.71 0.00 0.81 1.00 4 4.00 

Phi(t) p(.)  177.57 2.86 0.19 0.24 4 6.87 

Phi(.) p(t)  198.01 23.30 0.00 0.00 2 31.38 

Phi(.) p(.)  201.01 26.30 0.00 0.00 2 34.38 

 

Table 60–35. Reach-specific survival probability estimates (phi), standard errors, and 95% 
confidence intervals for for radio-tagged adult eels released during the fall 
downstream passage study period, October 12 to November 30, 2021 

River Reach Phi SE 95% CI 

Release to Rolfe Canal 0.967 0.023 0.876 0.992 

Rolfe Canal to PUF 0.914 0.037 0.809 0.964 

PUF to PLF 0.918 0.032 0.829 0.963 

PLF to Station 18 0.759 0.046 0.658 0.837 

 

Table 60–36. Project and passage route-specific survival probability estimates (phi) and 95% 
confidence intervals for radio-tagged adult eels released during the fall 
downstream passage study period, October 12 to November 30, 2021 

Project Route n Phi 95% CI 

Rolfe Canal 
Turbine 20 0.750 0.522 0.892 

York Dam (spill) 43 1.000 - - 

PUF 
Turbine  18 0.500 0.284 0.716 

Spill 61 0.951 0.858 0.984 

PLF 
Turbine 31 0.742 0.563 0.865 

Spill 57 1.000 - - 

 

  



 

373 

 

Table 60–37. Project operational condition survival probability estimates (phi) and 95% 
confidence intervals for radio-tagged adult eels released during the fall 
downstream passage study period, October 12 to November 30, 2021 

Project Project Condition n Phi 95% CI 

Rolfe Canal 
Generation 23 0.783 0.572 0.907 

Shutdown 40 1.000 - - 

PUF 
Generation 23 0.565 0.363 0.748 

Shutdown 56 0.964 0.868 0.991 

PLF 
Generation 30 0.767 0.585 0.884 

Shutdown 58 0.983 0.888 0.998 

 

Table 60–38. CJS model selection criteria for the survival of radio-tagged adult eels released 
during the fall downstream passage study period and adjusted to reflect the 
duration of drift for freshly dead individuals to the lowermost stationary 
receiver, October 12 to November 30, 2021 

Model AICc 
Delta 
AICc 

AICc 
Weight 

Model 
Likelihood 

No. 
Parameters 

Deviance 

Phi(t) p(t) 207.24 0.00 0.81 1.00 4 11.86 

Phi(t) p(.)  210.19 2.95 0.19 0.23 4 14.81 

Phi(.) p(t)  239.99 32.76 0.00 0.00 2 48.69 

Phi(.) p(.)  243.36 36.12 0.00 0.00 2 52.06 
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Figure 60–23. Distribution of travel time for upstream test eels in the reach from 
downstream of PLF to Garvins Falls. Vertical line represents average drift 
duration of freshly dead eel for same river reach. Subset of eels to left of line 
assumed alive based on “short” transit time and subset of eels to right of line 
assumed as mortalities based on “long” transit times. 

64.11 Manual Tracking 
Downstream passage timing, route selection, and survival were informed using the stationary telemetry 

data collected at the seventeen receiver locations detailed in Section 4.2. Based on those data 

downstream passage occurred from the date of initial eel release until November 2, 2021 when the final 

passage event was recorded at PLF. Manual tracking information was collected by both Normandeau and 

New Hampshire Fish and Game Department (NHFGD) staff on a number of dates starting on November 

15 and is summarized in Table 5-22. Of the 105 live eels released at points upstream of Rolfe Canal, PUF, 

or PLF, 34 individuals were detected.  The majority of individuals (24 of 34) were detected at points within 

the project area (i.e., the reach between Rolfe Canal and Station 18) and their final position as determined 

by manual tracking was in agreement with that identified by the stationary receiver array. Of the 34 

manually located eels, seven were detected in the Merrimack River at points downstream of the 

lowermost stationary receiver (i.e., Station 19 at Garvins Falls Dam).  All seven of those had been detected 

at Station 19 prior to manual detection in the Merrimack River downstream of the monitored reach for 

this study.  Three individuals identified by NHFGD staff during manual tracking effort in mid-November 

did not line up with information collected from the stationary monitoring array. Two individuals 

determined to have approached but not passed downstream of PLF were reported as detected from a 

point in the Merrimack River downstream of the confluence with the Contoocook but upstream of Station 

18.  Regardless of passage status at PLF these two eels were considered as Project mortalities in all models 

presented in Section 5.10. An additional eel was reported by NHFGD staff as present in the tailrace at PLF 
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in mid-November. However, this eel was clearly detected at Stations 18 and 19 soon after downstream 

passage at Rolfe Canal (spill at York Dam), PUF (spill) and PLF (spill).  For the purposes of this assessment 

that individual was considered as alive following passage at the Projects based on timely detection at the 

downstream stations. 
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Table 60–39. Summary of relative location for manual tracking observations (as documented 
on or after November 15) and final recorded stationary receiver location for 
silver-phase eels originally released upstream of Rolfe Canal, PUF, or PLF during 
October 2021 

Frequency ID Manual Location Stationary Location 

149.440 70 PUF Tailrace DS PUF 

149.440 71 Confluence Contoocook & Merrimack DS PLF 

149.440 72 PUF Tailrace DS PUF 

149.440 73 Upstream PLF US PLF 

149.440 75 PLF Forebay US PLF 

149.440 76 Upper Falls DS PUF 

149.440 79 DS Hooksett Garvins 

149.440 80 DS Hooksett Garvins 

149.440 81 Between PUF/PLF US PLF 

149.440 82 Vicinity of PLF US PLF 

149.440 84 Rolfe Canal tailrace DS Rolfe Canal 

149.440 85 Vicinity of PLF DS PLF 

149.440 95 Vicinity of PUF DS PUF 

149.440 102 Confluence Contoocook & Merrimack DS PLF 

149.440 107 Rolfe Canal tailrace DS Rolfe Canal 

149.440 110 Merrimack River near Sewalls Falls DS PLF 

149.440 117 PUF Forebay US PUF 

149.440 121 DS Hooksett Garvins 

149.440 124 DS Hooksett Garvins 

149.480 52 PUF Tailrace DS PUF 

149.480 56 PUF Forebay US PUF 

149.480 64 DS Hooksett Garvins 

149.480 85 PLF Tailrace DS PLF 

149.480 86 DS Hooksett Garvins 

149.480 87 Confluence Contoocook & Merrimack DS PLF 

149.480 88 Confluence Contoocook & Merrimack DS PLF 

149.480 91 PLF Tailrace DS PLF 

149.480 95 PUF Tailrace DS PUF 

149.480 97 PUF Forebay US PUF 

149.480 98 Merrimack River near Sewalls Falls US PLF 

149.480 119 Merrimack River near Sewalls Falls DS PLF 

149.480 135 Vicinity of PLF Garvins 

149.480 138 DS Hooksett Garvins 

149.480 142 Merrimack River near Sewalls Falls US PLF 
Note: Frequency Information presented in this table for eel IDs 85, 95, and 119 corresponds to individual tags released upstream of the Project. 
Manual tracking notes provided by NHFGD listed alternate frequencies for these eels. However, since their reported locations lined up with last 
known positions based on stationary information those frequencies were corrected for reporting purposes.   
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65 Summary 
An evaluation of downstream passage success for adult silver-phase American eels was conducted in 

support of the FERC relicensing of the Rolfe Canal, PUF, and PLF Projects. Passage effectiveness was 

evaluated using radio-telemetry during the 2021 fall passage season (October-November). Contoocook 

River inflow ranged between 673 to 5,581 cfs, with flows greater than ~2,000 cfs in excess of the station 

capacity at each of the three Projects. Project turbines were offline due to precipitation triggered 

nighttime outages on the nights of October 17-18, 18-19, 19-20, 25-26, 26-27, 27-28, 28-29, and 30-31, 

October 31-November 1, November 1-2, and 2-3 at all three Projects.  Briar Hydro did not operate the 

downstream bypasses at PUF or PLF but did provide at least 100 cfs of flow at York Dam to meet minimum 

flow requirements for the downstream bypass reach (during non-spill periods). 

 

A total of 105 adult eels were radio-tagged and released on one of three dates during October (October 

12, 20, and 26). Of that total, 63 were tagged and released upstream of Rolfe Canal, 21 were tagged and 

released in the Rolfe Canal tailrace, and 21 were tagged and released in the PUF tailrace. Outmigration of 

radio-tagged adult eels was observed over a range of dates from October 12 to November 2 with peaks 

in downstream passage activity occurring after October 21 at Rolfe Canal, October 25-28 at PUF, and 

October 26-28 at PLF. The median duration of time for radio-tagged eels released upstream of Rolfe Canal 

to move from the release location and pass downstream of all three projects was 6.0 days. When 

examined among projects, the median upstream residence duration for adult eels originating at the 

release location upstream of all three Projects was 0.3 hours at Rolfe Canal, 0.2 hours at PUF, and 1.2 

hours at PLF.  

The majority of downstream passage at Rolfe Canal occurred at York Dam. The majority of those passage 

events occurred during precipitation-triggered shut down events between October 18 and 31. 

Approximately a quarter of radio-tagged eels passed downstream of PUF using the turbine unit. However, 

the majority of radio-tagged eels which passed downstream at PUF did so via spill with the majority of 

those occurring during precipitation-triggered shut down events between October 18 and November 1. 

Downstream passage of adult eels at PLF occurred via the Project turbine (33% of all events) and spill (61% 

of all events). Most of the spill passage events occurred during precipitation-triggered shut down events 

between October 25 and November 1. 

Project-specific estimates of passage survival were 92.1% at Rolfe Canal, 84.8% at PUF, and 90.9% at PLF. 

Cumulative estimated downstream passage survival for adult eels passing all three projects was estimated 

at 71.0%. These estimates of downstream passage survival for adult eels at the Briar Projects includes any 

background mortality (i.e., natural mortality) for the species in the downstream reach, along with any 

tagging-related mortalities or tag regurgitations. As a result, these estimates should be viewed as a 

minimum estimate of total project survival (i.e., due solely to project effects) for adult eels at these 

locations. In addition to cumulative survival both route-specific and operational scenario rates were 

evaluated. Survival rates for adult eels passing downstream through project turbines ranged from 50.0% 

to 75.0%. Survival rates for silver-phase eels passing downstream via spill ranged from 95.1% to 100%. 
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Downstream passage survival for adult eels passing at Rolfe Canal, PUF, and PLF under the trigger-based 

shutdown condition was 21.7%, 39.9%, and 21.6% higher than that observed under the normal operating 

condition.  

• Variances from Approved Study Plan 
This study was conducted following the methodology described in the RSP which was finalized in March 

2021 and filed with FERC on July 6, 2021 
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• Appendices 

Appendix A. Adult American Eel – Tagging Information.  

 

Frequency ID Eel 
Type 

Length 
(mm) 

Eye 
Index 

Release 
Date 

Release 
Location 

149.760 160 Drift 872 9.0 10/12/2021 PLF Tailrace 

149.760 161 Drift 777 10.8 10/12/2021 PLF Tailrace 

149.760 162 Drift 817 9.3 10/12/2021 PLF Tailrace 

149.440 69 Live 730 8.0 10/12/2021 PUF Tailrace 

149.480 53 Live 785 9.6 10/12/2021 PUF Tailrace 

149.480 54 Live 875 7.6 10/12/2021 PUF Tailrace 

149.480 58 Live 710 8.5 10/12/2021 PUF Tailrace 

149.480 60 Live 838 7.3 10/12/2021 PUF Tailrace 

149.480 62 Live 830 8.4 10/12/2021 PUF Tailrace 

149.480 66 Live 725 8.7 10/12/2021 PUF Tailrace 

149.440 76 Live 716 9.4 10/12/2021 Rolfe Tailrace 

149.440 79 Live 865 10.2 10/12/2021 Rolfe Tailrace 

149.440 80 Live 767 11.4 10/12/2021 Rolfe Tailrace 

149.440 82 Live 820 9.0 10/12/2021 Rolfe Tailrace 

149.480 55 Live 885 10.2 10/12/2021 Rolfe Tailrace 

149.480 57 Live 710 8.6 10/12/2021 Rolfe Tailrace 

149.480 59 Live 750 8.4 10/12/2021 Rolfe Tailrace 

149.440 68 Live 750 8.3 10/12/2021 US Rolfe 

149.440 70 Live 868 7.7 10/12/2021 US Rolfe 

149.440 71 Live 685 6.9 10/12/2021 US Rolfe 

149.440 72 Live 735 8.9 10/12/2021 US Rolfe 

149.440 73 Live 807 7.6 10/12/2021 US Rolfe 

149.440 74 Live 794 7.8 10/12/2021 US Rolfe 

149.440 75 Live 800 8.1 10/12/2021 US Rolfe 

149.440 77 Live 760 10.1 10/12/2021 US Rolfe 

149.440 78 Live 935 9.8 10/12/2021 US Rolfe 

149.440 81 Live 867 9.3 10/12/2021 US Rolfe 

149.440 83 Live 925 10.7 10/12/2021 US Rolfe 

149.440 84 Live 867 9.4 10/12/2021 US Rolfe 

149.480 50 Live 760 9.4 10/12/2021 US Rolfe 

149.480 51 Live 890 11.8 10/12/2021 US Rolfe 

149.480 52 Live 865 9.9 10/12/2021 US Rolfe 

149.480 56 Live 875 8.7 10/12/2021 US Rolfe 

149.480 61 Live 847 8.0 10/12/2021 US Rolfe 

149.480 63 Live 790 10.2 10/12/2021 US Rolfe 

149.480 64 Live 878 10.2 10/12/2021 US Rolfe 
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Frequency ID Eel 
Type 

Length 
(mm) 

Eye 
Index 

Release 
Date 

Release 
Location 

149.480 65 Live 552 11.6 10/12/2021 US Rolfe 

149.480 67 Live 755 9.4 10/12/2021 US Rolfe 

149.760 163 Drift 910 7.8 10/20/2021 PLF Tailrace 

149.760 164 Drift 685 9.9 10/20/2021 PLF Tailrace 

149.760 165 Drift 675 8.7 10/20/2021 PLF Tailrace 

149.480 85 Live 796 10.5 10/20/2021 PUF Tailrace 

149.480 86 Live 818 11.1 10/20/2021 PUF Tailrace 

149.480 87 Live 810 11.1 10/20/2021 PUF Tailrace 

149.480 88 Live 865 9.7 10/20/2021 PUF Tailrace 

149.480 89 Live 660 11.4 10/20/2021 PUF Tailrace 

149.480 90 Live 775 9.4 10/20/2021 PUF Tailrace 

149.480 91 Live 895 10.8 10/20/2021 PUF Tailrace 

149.440 102 Live 702 11.7 10/20/2021 Rolfe Tailrace 

149.440 103 Live 808 9.1 10/20/2021 Rolfe Tailrace 

149.440 104 Live 750 8.3 10/20/2021 Rolfe Tailrace 

149.480 92 Live 986 9.5 10/20/2021 Rolfe Tailrace 

149.480 93 Live 690 11.2 10/20/2021 Rolfe Tailrace 

149.480 94 Live 863 10.2 10/20/2021 Rolfe Tailrace 

149.480 95 Live 900 10.7 10/20/2021 Rolfe Tailrace 

149.440 105 Live 838 10.8 10/20/2021 US Rolfe 

149.440 106 Live 752 8.0 10/20/2021 US Rolfe 

149.440 107 Live 808 10.5 10/20/2021 US Rolfe 

149.440 108 Live 815 9.4 10/20/2021 US Rolfe 

149.440 109 Live 837 9.9 10/20/2021 US Rolfe 

149.440 110 Live 708 10.3 10/20/2021 US Rolfe 

149.440 111 Live 674 9.2 10/20/2021 US Rolfe 

149.440 112 Live 765 8.9 10/20/2021 US Rolfe 

149.440 113 Live 857 10.3 10/20/2021 US Rolfe 

149.440 114 Live 795 10.4 10/20/2021 US Rolfe 

149.440 115 Live 750 10.1 10/20/2021 US Rolfe 

149.440 116 Live 673 9.3 10/20/2021 US Rolfe 

149.440 117 Live 790 7.8 10/20/2021 US Rolfe 

149.440 118 Live 937 8.5 10/20/2021 US Rolfe 

149.440 119 Live 890 8.8 10/20/2021 US Rolfe 

149.480 96 Live 810 10.1 10/20/2021 US Rolfe 

149.480 97 Live 800 10.2 10/20/2021 US Rolfe 

149.480 98 Live 876 9.3 10/20/2021 US Rolfe 

149.480 99 Live 900 12.8 10/20/2021 US Rolfe 

149.480 100 Live 740 11.0 10/20/2021 US Rolfe 

149.480 101 Live 774 9.4 10/20/2021 US Rolfe 

149.760 166 Drift 873 10.0 10/26/2021 PLF Tailrace 

149.760 167 Drift 651 9.1 10/26/2021 PLF Tailrace 
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Frequency ID Eel 
Type 

Length 
(mm) 

Eye 
Index 

Release 
Date 

Release 
Location 

149.760 168 Drift 708 9.7 10/26/2021 PLF Tailrace 

149.440 132 Live 882 10.2 10/26/2021 PUF Tailrace 

149.440 133 Live 761 12.6 10/26/2021 PUF Tailrace 

149.440 134 Live 740 10.4 10/26/2021 PUF Tailrace 

149.480 151 Live 691 8.3 10/26/2021 PUF Tailrace 

149.480 152 Live 755 9.9 10/26/2021 PUF Tailrace 

149.480 153 Live 718 7.8 10/26/2021 PUF Tailrace 

149.480 154 Live 732 7.3 10/26/2021 PUF Tailrace 

149.440 129 Live 776 8.5 10/26/2021 Rolfe Tailrace 

149.440 130 Live 734 9.7 10/26/2021 Rolfe Tailrace 

149.440 131 Live 907 9.8 10/26/2021 Rolfe Tailrace 

149.480 147 Live 839 10.5 10/26/2021 Rolfe Tailrace 

149.480 148 Live 753 9.4 10/26/2021 Rolfe Tailrace 

149.480 149 Live 776 11.4 10/26/2021 Rolfe Tailrace 

149.480 150 Live 896 9.8 10/26/2021 Rolfe Tailrace 

149.440 120 Live 821 11.3 10/26/2021 US Rolfe 

149.440 121 Live 832 12.1 10/26/2021 US Rolfe 

149.440 122 Live 697 11.2 10/26/2021 US Rolfe 

149.440 123 Live 895 11.6 10/26/2021 US Rolfe 

149.440 124 Live 970 10.7 10/26/2021 US Rolfe 

149.440 125 Live 805 13.3 10/26/2021 US Rolfe 

149.440 126 Live 903 10.5 10/26/2021 US Rolfe 

149.440 127 Live 818 11.2 10/26/2021 US Rolfe 

149.440 128 Live 910 11.7 10/26/2021 US Rolfe 

149.480 135 Live 784 10.2 10/26/2021 US Rolfe 

149.480 136 Live 742 11.3 10/26/2021 US Rolfe 

149.480 137 Live 782 10.9 10/26/2021 US Rolfe 

149.480 138 Live 723 11.8 10/26/2021 US Rolfe 

149.480 139 Live 840 11.3 10/26/2021 US Rolfe 

149.480 140 Live 906 10.2 10/26/2021 US Rolfe 

149.480 141 Live 887 11.9 10/26/2021 US Rolfe 

149.480 142 Live 723 13.2 10/26/2021 US Rolfe 

149.480 143 Live 870 12.2 10/26/2021 US Rolfe 

149.480 144 Live 885 10.6 10/26/2021 US Rolfe 

149.480 145 Live 797 11.8 10/26/2021 US Rolfe 

149.480 146 Live 740 10.9 10/26/2021 US Rolfe 
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9. Introduction and Background 

Briar Hydro Associates (Briar Hydro or Licensee) is in the process of relicensing the Rolfe Canal (FERC No. 

3240), Penacook Upper Falls (PUF; FERC No. 6689), and Penacook Lower Falls (PLF; FERC No. 3342) 

Hydroelectric Projects (Project; collectively, Projects) with the Federal Energy Regulatory Commission 

(FERC or Commission).  The Projects are located on the Contoocook River in Boscawen and Concord, New 

Hampshire.  PLF sits at river mile 0 of the Contoocook River, above the confluence with the Merrimack 

River.  The Upper Penacook and Rolfe Canal Projects are located upstream at river miles 1.0 and 2.0, 

respectively.  

The current Project licenses were issued by the Federal Energy Regulatory Commission (FERC or 

Commission) in accordance with the Commission’s delegated authority under the Federal Power Act on 

November 17, 1982 (PLF) and December 5, 1984 (Rolfe Canal and PUF). By FERC order the original April 

17, 2018 license expiration for PLF was extended from October 31, 2022 to November 30, 2024 and 

matching the expiration for the Rolfe Canal and PUF Projects. Briar Hydro is pursuing a new license for the 

three Projects through the Commission’s Traditional Licensing Process (TLP). 

In response to requests provided by the resource agencies as part of the TLP process, Briar Hydro prepared 

a Preliminary Study Plan (PSP). The intent of the PSP was that the goals, methodology, scope, and schedule 

would be refined in consultation with interested stakeholders, as necessary.  Briar Hydro distributed a 

copy of the PSP to representatives from the representatives from the U.S. Fish and Wildlife Service 

(USFWS), National Marine Fisheries Service (NMFS), New Hampshire Fish and Game Department (NHFGD) 

and the New Hampshire Department of Environmental Services (NHDES) on December 14, 2020.  

Following receipt and consultation related to comments on the PSP, Briar Hydro prepared a Revised Study 

Plan (RSP) which was finalized in March 2021 and filed with FERC on July 6, 2021.  This report describes 

the American Eel Upstream Passage Study conducted in support of obtaining a new license for the Project. 

10. Goals and Objectives 
The goal of this study was to provide baseline data on the presence of American eels attempting to move 

upstream of Rolfe Canal, PUF, and PLF and the locations where they congregate while attempting 

upstream passage.  The specific objective of this study was to evaluate juvenile eel presence/abundance 

at selected locations at the Rolfe Canal, and PLF Projects to identify an appropriate location for a future 

volitional upstream passage facility. 
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11. Study Area 
The study area for this evaluation encompassed the PLF bypass reach (i.e., diversion and auxiliary dam 

areas), PUF eel lift and trap, and the areas downstream of the Rolfe Canal Project York Dam and Rolfe 

Canal headgate dam (Figure 3-1).   

 

Figure 60-24. Briar Hydro Project facilities on the Penacook River, NH 2021. 

12. Methodology 

65.1 Night Surveys and Electrofishing 
A total of four visual nighttime surveys to document the spatial distribution of juvenile eels downstream 

of the Rolfe Canal and PLF Projects were conducted over a period of eight weeks starting in late-June and 

terminating in early-August.  Nighttime surveys focused on areas at the PLF diversion and auxiliary dam 

and Rolfe Canal Project York Dam and headgate structure where eels would be likely to congregate while 

attempting upstream passage (i.e. areas of leakage at the base of spillways, gates etc.).  General search 

locations for the Rolfe Canal and PLF Projects are provided in Figures 4-1 through 4-3.  Areas at Rolfe Canal 

include immediately downstream of York Dam, the Rolfe Canal tailrace and historic canal discharge area 

and the head of the historic canal.  Areas at PLF include the shoreline immediately downstream of the 

powerhouse and areas immediately downstream of the diversion, auxiliary, and main spillways.  Data 
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collected from each survey area included observations of eels (i.e., presence, absence, numbers, and 

estimated sizes), time and date of observation, field notes on weather conditions, and moon phase. 

Locations with observations were geo-referenced and notes on Project operations were recorded during 

each survey. 

To supplement the visual nighttime surveys and to provide a more robust estimate of the relative 

abundance of juvenile American eels downstream of the Rolfe Canal and PLF Projects, each survey area 

identified in Figures 4-1 through 4-3 was electrofished twice during the eight- week survey period. Like 

data recorded during the visual nighttime surveys, data collection during electrofish sampling included 

the presence/absence of juvenile eels, count and duration of sampling (i.e., seconds of sample time to 

allow for calculation of a catch per unit of effort). Juvenile eel length of captured individuals was estimated 

to the nearest size class (i.e., 0 to 6 inches, 6 to 12 inches, greater than 12 inches) and GPS coordinates 

were recorded for locations where individuals were collected. 

 

Figure 60-25. Visual nighttime survey and electrofishing locations at York Dam (bypassed reach), 
June-August 2021. 
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Figure 60-26. Visual nighttime survey and electrofishing locations at Rolfe Canal headgate dam and 
powerhouse, June-August 2021. 

 

Figure 60-27. Visual nighttime survey and electrofishing locations at PLF, June-August 2021.  
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65.2 Mark Recapture at PUF 
Briar Hydro conducted a mark-recapture study to evaluate effectiveness of the existing permanent 

upstream juvenile eel passage facility installed at PUF. Prior to the onset of the mark-recapture study Briar 

Hydro operations staff collected juvenile eels captured in the PUF eel lift hopper and maintained them in 

a holding tank supplied with recirculating Contoocook River water. Following the initial collection period, 

100 juvenile eels were marked using Visual Elastomer (VIE) tags in July and August.  To mark these 

individuals, eels were lightly anesthetized to allow for safe handling.  The nearest size class (i.e., 0 to 6 

inches, 6 to 12 inches, greater than 12 inches) of each individual was recorded and a colored VIE mark was 

inserted at the base of the ventral fin margin (Figure 4-4). 

Separate VIE colors were used to identify eels marked during the July tagging (yellow) and August tagging 

(red) events.  Following the first release, Normandeau biologists examined all eels collected in the hopper 

by Briar Hydro Operations staff over a two-week period for VIE marks.  At the completion of the two-week 

monitoring period, a second collection was initiated.  When a substantial group was captured and held at 

the PUF, the second tagging event was completed.  Eel catch was examined for one month after the 

second tagging cohort was released and VIE tag marks were recorded. 
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Figure 60-28. VIE tagging juvenile American eel at Penacook Upper Falls, 2021. 

 

13. Results 

65.3 Nighttime Eel Surveys 

Four nighttime surveys were conducted at the York Dam bypass reach, downstream of the Rolfe Canal 

headgate dam, and below PLF starting on June 22 and ending on August 12, 2022 (Figures 5-1 through 5-

3).  Environmental and operations data at the time of these sampling events are presented in Tables 5-1 

to 5-3.  Eels observed during nighttime surveys are presented by location, date, and size class in Table 5-

4.  Survey summaries showing the georeferenced location of eels observed for each sample date are 

provided in Appendix A.  Overall, lunar illumination ranged from a low of 1.7% on August 12 to a high of 

96% on June 22.  Contoocook River water temperature ranged from 20oC on June 7 to 27.5oC on June 30.   
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Weather during the nighttime eel surveys ranged from overcast to rain with hot/humid conditions. A 

survey originally scheduled for July 14 was canceled due to high water creating unsafe survey conditions 

below both Projects.  This survey was rescheduled and conducted on August 12. 

65.3.1 York Dam Bypass Reach 

Table 5-1 presents the available operations and environmental conditions during nighttime surveys at the 

York Dam bypass reach.  Generation flow reported for the Rolfe Canal powerhouse during nighttime 

surveys ranged from 0 to 1,957 cfs and bypass flows at York Dam ranged from 93 to 195 cfs.  Spill in the 

form of minor overtopping was present during all the surveys, wetting the surface of the dam and 

decreasing visibility at the dam toe.   

Surveys at the York Dam bypass reach focused on the dam toe and the area adjacent to the minimum 

bypass gate.  Surveys were described as either ‘near’ or ‘distant’ viewing.  Near viewing indicates that 

surveyors were able to safely access and view the areas of eels from a close distance (~ 10 feet or less).  

Distance viewing was used for areas that could not be safely accessed (i.e. due to deep water, inaccessible 

areas, height, etc.).   Due to low inflow, the Rolfe Canal turbine unit was offline during the first survey on 

June 22 and June 30 which increased flow through the York Dam bypass reach.  This created higher spill 

over the York Dam, decreasing safe access and the ability for field personnel to move beyond the 

minimum flow gate (Figure 5-4).  During this survey, areas were observed closely in the vicinity of the 

minimum flow gate but were viewed from a distance beyond there (Figure 5-1).  Access to the lower 

section (river left) was also limited and viewed from a distance on June 30.  On the remaining two dates, 

surveyors were able to closely survey most of the dam toe and areas around the minimum flow gate.  

Visual summaries of the approximate areas surveyed by date are provided in Appendix A. 

Three eels were observed at the York Dam bypass reach during surveys in 2022 (Table 5-4).  All eels were 

identified during the final survey on August 12 and were distributed across the spillway.  The largest eel 

(12+ inches) was observed next to the minimum bypass flow gate while the two other eels (6-12 inch size 

class) were observed along the middle and river left portion of the dam (Appendix A). 

65.3.2 Rolfe Canal Intake Structure, Tailrace, and Historic Canal Discharge 

Table 5-2 presents the available operations and environmental conditions during nighttime surveys at the 

Rolfe Canal headgate dam, tailrace, and historic canal discharge sites.  Available operations and 

environmental data during surveys at the Rolfe Canal Project shows generation flows ranging from 0 to 
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1,923 cfs.  Spill in the form of minor overtopping did not occur at the intake structure although some 

leakage did wet the surface of the dam.  

Surveys at the Rolfe Canal Project structures were limited due to access.  Figure 5-2 shows areas that were 

viewed close and from a distance.  Areas around the intake structure that could be accessed by shore 

were viewed close, but areas of deep water necessitated distance viewing along the structure center.  

Distance viewing was also a necessity at the Rolfe Canal Tailrace and historic canal exit where no access 

was available for safe close viewing.   

No eels were observed at any of the Rolfe Canal Project headgate dam, tailrace, or historic canal survey 

areas. 

65.3.3 Penacook Lower Falls 

Table 5-3 presents the available operations and environmental conditions during nighttime surveys at the 

PLF spillway and powerhouse locations. Available operations and environmental data during surveys at 

the PLF show generation flows ranging from 0 to 1,212 cfs.  Spill in the form of minor overtopping was 

present during all of the surveys, wetting the surface of the dam and providing potential attraction points 

for eels at both the auxiliary, diversion, and main spillways (Figure 5-5).   

Close surveys at the PLF focused on the auxiliary and diversion spillways as well the river left bypass reach 

extending from where the auxiliary spillway flows converge with the diversion spillway flows. Two eels 

were observed at the auxiliary spillway during surveys in 2022 (Table 5-4). Both eels were identified during 

the July 7 survey in areas of leakage associated with the spillway stoplogs (Appendix A). 
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Table 60–40. Operational and environmental conditions for visual nighttime and electrofishing surveys conducted at the York Dam bypass 
reach, June-August, 2021 

Date 
Survey 
Type 

Survey Start 
Time 

Rolfe Canal 
Generation 

Bypass 
Flow 

Lunar 
Illumination 

Visible 
Spill/overflow 

Water 
Temperature Weather 

 
cfs cfs % Yes/No oC  

6/22/2021 Night 21:01 0 195 96.0 Yes 23.6 Overcast  

6/30/2021 Night 21:05 0 153 64.7 Yes 27.5 Rain/Overcast  

7/6/2021 Electrofish 10:45 1957 93 10.9 Yes 20 Hot/Humid  

7/7/2021 Night 21:00 1007 96 5.6 Yes N/A Overcast  

8/9/2021 Electrofish 10:45 1098 93 20.5 Yes- minimal 23.6 Hot/Clear  

8/12/2021 Night 20:55 598 93 1.7 Yes 24.6 Rain/Overcast  
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Table 60–41. Operational and environmental conditions for visual nighttime and electrofishing surveys conducted at the Rolfe Canal 
headgate dam, tailrace, and historic canal, June-August, 2021 

Date 
Survey 
Type 

Survey Start 
Time 

Rolfe Canal 
Generation 

Flow 

Lunar 
Illumination 

Visible 
Spill/overtopping 

Water 
Temperature Weather 

 
cfs % Yes/No oC  

6/22/2021 Night 21:12 0 96.0 No 23.6 Overcast  

6/30/2021 Night 21:38-21:57 0 64.7 No 27.5 Rain/Overcast  

7/6/2021 Electrofish 11:24-11:34 1927 10.9 No 20.1 Hot/Humid  

7/7/2021 Night 21:25-21:40 1005 5.6 No N/A Overcast  

8/9/2021 Electrofish 11:57-12:08 1102 20.5 No 24.2 Hot/Clear  

8/12/2021 Night 21:42-21:57 601 1.7 No 24.6 Rain/Overcast  

 

 
Table 60–42. Operational and environmental conditions for visual nighttime and electrofishing surveys conducted at PLF, June-August, 2021 

Date 
Survey 
Type 

Survey Start 
Time 

PLF 
Generation 

Flow 

Lunar 
Illumination 

Visible 
Spill/overtopping 

Water 
Temperature Weather 

 
cfs % Yes/No oC  

6/22/2021 Night 21:30 0 96.0 No 23.6 Overcast  

6/30/2021 Night 22:10 0 64.7 No 27.5 Rain/Overcast  

7/6/2021 Electrofish 11:50 1212 10.9 No 20.1 Hot/Humid  

7/7/2021 Night 21:45 1134 5.6 No N/A Overcast  

8/9/2021 Electrofish 12:55 1199 20.5 No 24.2 Hot/Clear  

8/12/2021 Night 21:50 788 1.7 No 24.6 Rain/Overcast  
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Table 60–43. Nighttime survey results at the Briar Hydro Projects by date, location, and size class, June-August, 2021 

Survey 
Date 

York Dam Bypass Reach Rolf Canal Headgate Dam Rolf Canal Tailrace Penacook Lower Falls 

Eel Size Class (inches) 
Total 

Eel Size Class (inches) 
Total 

Eel Size Class (inches) 
Total 

Eel Size Class (inches) 
Total 

0-6 6-12 12+ 0-6 6-12 12+ 0-6 6-12 12+ 0-6 6-12 12+ 

6/22/2022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6/30/2022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7/7/2022 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 

8/12/2022 0 2 1 3 0 0 0 0 0 0 0 0 0 0 0 0 

Total 0 2 1 3 0 0 0 0 0 0 0 0 0 2 0 2 
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Figure 60-29. Survey and electrofishing areas at the York Dam bypass reach during 2021 including the 

location of eels observed on the August 12 nighttime survey. 

 
Figure 60-30. Survey and electrofishing areas at the Rolfe Canal intake structure and tailrace/historic 

canal discharge during 2021. 
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Figure 60-31. Survey and electrofishing areas at PLF during 2021 including the location of eels observed 
on the July 7 nighttime survey. 
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Figure 60-32. Conditions below York Dam on June 22, 2021, making access and visual surveys for 
juvenile eels difficult. 
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Figure 60-33. Typical conditions below the auxilliary spillway (left) and diversion spillway (right) at PLF 
showing where leakeage/spill created potential attraction areas for migrating juvenile 
eels. 
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65.4 Electrofishing Surveys 

Backpack electrofish surveys were conducted at the York Dam bypass reach, downstream of the 

Rolfe Canal headgate dam, and below PLF on July 6 and August 9 (Figures 5-1 to 5-3).  

Environmental and operations data for these events are presented in Tables 5-1 through Table 5-

3.    

Table 5-5 presents the electrofishing effort expended at each Project location.  The actual extent 

of electrofishing effort in terms of area searched are provided as summary reports in Appendix B.  

No juvenile eels were captured during either electrofishing event.  Project staff indicated that 

overall, very few fish were observed with the majority being either Smallmouth Bass (4-8 inches) 

or Bluegill.   

Table 60-44. Abundance and Catch-Per-Unit-of-Effort (CPUE) for juvenile American Eels during 
backpack electrofish sampling downstream of Rolfe Canal and PLF, July-August 2021.  

Date 

Eel Catch by Size Class Electrofish 
Time in 
Seconds 0-6 inch 6-12 inch 12+ inch Total 

7/6/2021 0 0 0 0 1,788 

8/9/2021 0 0 0 0 2,022 

Total 0 0 0 0 3,810  

 

65.5 PUF Mark-Recapture 
The frequency and abundance of eel capture at the PUF eel lift determined the seasonal timing of the mark-

recapture study at that Project during 2022.  Figure 5-6 presents the 2021 daily and cumulative eel capture 

at the PUF lift and the mean daily river flows (cfs). Catch during 2021 was episodic, a large percentage of the 

annual catch (32%) occurring in two days, and visually appears to be associated with sharp increases in river 

discharge. Due to the inconsistent and unpredictable occurrence for the collection of juvenile eels in the 

PUF eel lift it was necessary to hold collected individuals in a flow through tank on-site for multiple days 

prior to initiating a tagging event so that an adequate number of test eels could be obtained. Caution was 

taken to prevent holding eels for longer than one week prior to tagging over concerns it my potentially 

impact their ability/motivation to continue their upstream movement.  As a result, both tagging events were 

initiated at a point in time when a relatively large number of eels (~75-100) were captured over a limited 

number of consecutive dates at the lift.   

Table 5-6 presents VIE tagging for eels by date and size classification. The first tagging event of 100 juvenile 

eels (yellow VIE marks) was conducted on July 20, 2021.  The majority of eels from the first release group 
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(89 of 100) were classified within the 6 to 12 inch size class.  These eels were maintained over night to ensure 

survival following handling and tagging and were intended to be released on July 21.  However, the release 

of the first test group was delayed by high water until July 23.  At that point a location approximately 1/3 

mile downstream was selected as a surrogate release location due to (1) the inability to safely access the 

confluence of the bypass and tailrace and (2) concern over further extending the tank holding period for VIE 

marked eels any longer than necessary  (Figure 5-6).  The second release (110 eels) were VIE marked on 

August 25 (red VIE).  Similar to the first event, the release of the second group was delayed until high flows 

receded allowing safe access on August 30. The second release took place at the confluence of the bypass 

reach and tailrace (Figure 5-7). 

Recapture results are presented by release group in Tables 5-7 and 5-8 and shown in relation to operations 

and environmental data in Figure 5-8.  Eels captured in the PUF eel lift by Briar Hydro operations staff over 

the two weeks following the July 23 release were secured in labeled containers in an on-site flow through 

tank. Eels from each date were maintained in their own labeled container. The daily catches were then 

examined for the total number of individuals, number of individuals with a VIE mark, and size class 

information.  Daily catches were examined for the period from July 24 through August 6 (14 days).  During 

the two-week post-release period a total of 60 juvenile eels were lifted at the PUF, two of which were VIE 

marked recaptures, representing a 2% return.   Recaptures occurred on day 8 and day 10 after release.  

Briar Hydro collected a total of 124 juvenile eels in the lift on August 25, and 110 of those individuals were 

marked with red VIE.  These eels were held in a holding tank until August 30 due to high flows that prevented 

access to the bypass reach release location.  During a tank check on August 27, it was observed that one of 

the marked eels had died.  Visible bruising near the head (unnoted during the tagging process) was the only 

visible injury and it is unknown if this was the cause of the mortality or if the injury was a result of lifting, 

removal from the hopper, VIE marking, or an unrelated event.  With the receding flows, biologists were able 

to release the 109 VIE marked eels at the confluence of the tailrace and bypass reach (Figure 5-7).  Eel 

captures at PUF were monitored for recaptures through October 1 (33 days; Table 5-8).  During this 

timeframe, eels were collected in the PUF eel lift between the dates of August 31 and September 4 (11 

total). However, there were no observations of VIE marked eels from the second release group.   

Table 60-45. Size class distribution for juvenile eels marked using Visual Elastomer Implant (VIE) and 
released downstream of PUF 

Tagging 
Date 

Number of eels marked with VIE by date 
and size class 
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0-6 inch 6-12 inch 12+ inch Total 

7/20/2021 5 89 6 100 

8/25/2021 2 102 6 110 

Total 7 191 12 210 

 

Table 60-46. Daily eel catch and VIE marked recaptures at the PUF lift for the two week period 
following release of the first test group, July 24 through August 6. 

Trap 
Check 
Date 

VIE tag by Size Class VIE recaptures 

0-6 inch 6-12 inch 12+ inch Total 0-6 inch 6-12 inch 12+ inch Total 

July 23 - 100 yellow VIE marked eels released 1/3-mile DS of PUF eel lift 

24-Jul 0 1 0 1 0 0 0 0 

25-Jul 1 0 0 1 0 0 0 0 

26-Jul 1 1 0 2 0 0 0 0 

27-Jul 2 1 0 3 0 0 0 0 

28-Jul 2 2 0 4 0 0 0 0 

29-Jul 1 2 0 3 0 0 0 0 

30-Jul 0 3 0 3 0 0 0 0 

31-Jul 2 28 6 36 0 1 0 1 

1-Aug 0 0 0 0 0 0 0 0 

2-Aug 0 4 0 4 0 1 0 1 

3-Aug 1 1 0 2 0 0 0 0 

4-Aug 0 1 0 1 0 0 0 0 

5-Aug 0 0 0 0 0 0 0 0 

6-Aug 0 0 0 0 0 0 0 0 

Total 10 44 6 60 0 2 0 2 

 
 

 

 

 

 

 

Table 60-47. Daily eel catch and VIE marked recaptures at the PUF lift for the one month period 
following release of the second test group, August 31 through October 1. 

VIE tag by Size Class VIE recaptures 



Briar Hydro Associates  Study 

 

 
Normandeau Associates, Inc. 2022 404 

Trap 
Check 
Date 

0-6 inch 6-12 inch 12+ inch Total 0-6 inch 6-12 inch 12+ inch Total 

August 30 - 112 red VIE marked eels released at confluence of PUF tailrace and bypass reach 

31-Aug 0 1 0 1 0 0 0 0 

1-Sept 1 0 0 1 0 0 0 0 

2-Sept 1 1 0 2 0 0 0 0 

3-Sept 2 1 0 3 0 0 0 0 

4-Sept 2 2 0 4 0 0 0 0 

5-Sept through 1-Oct:  Lift operational, no eels lifted at PUF 

Total 6 5 0 11 0 0 0 0 

 

 

Figure 60-34. Daily and cumulative catch of juvenile American eels at PUF during 2021. 
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Figure 60-35. Eel trap at PUF and release locations for VIE marked eels on July 20, 2021 and August 25, 
2021. 
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Figure 60-36. Eel capture at PUF (green bars) and VIE marked recaptures (red bars) during the July 24-
August 6 (yellow VIE) and August 30-October 1 (red VIE) study periods alongside mean 
PUF inflow (cfs), lunar illumination (%), mean PUF generation (cfs), mean PUF bypass flow 
(cfs), and mean PUF water temperature (oC). 
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14. Summary 
Nighttime visual surveys and supplementary electrofish sampling were conducted at the areas downstream 

of Rolfe Canal and PLF identified in the RSP. The results of these surveys indicated a low overall presence of 

juvenile eels at the locations surveyed downstream of Rolfe Canal and PLF during 2021.  Daily and cumulative 

eel capture data from the lift facility at PUF characterizes the seasonality and episodic nature of eel 

migration in the lower Contoocook River during 2021 (Figure 5-6).  The early surveys, i.e., those completed 

prior to mid-July, occurred during the period when a very low proportion (< 20%) of the annual catch had 

occurred.  The two surveys conducted in August (one electrofishing and one visual) occurred during a period 

of low activity between two episodic peaks in capture.  The 2021 season was further complicated by high 

flows during July and August.  Figure 5-6 indicates that upstream eel activity, as indexed relative to the 

seasonal pattern of eel catch at PUF, may have been associated with high flow events during 2021.  These 

high flow events, often occurring in conjunction with spill, prevented safe access below dams for nighttime 

surveys and electrofishing and may have had a negative effect on the overall set of visual observations. 

The mark/recapture study conducted at PUF showed limited returns of VIE marked eels following the release 

of the first group approximately 1/3 mile downstream of the PUF bypass reach and no returns from the 

second release at the PUF bypass/tailrace confluence. Eels from the first release group were monitored for 

two weeks following release and a total of two individuals were observed (July 24-August 6). During tagging 

of the second release group (comprised of eels collected at PUF on August 25) an additional five VIE-marked 

eels from the first release effort were observed suggesting that limited upstream movement of the first set 

of eels continued for a period of time after the two-week daily check period.  However, no marked eels from 

either release group were observed during the 33 consecutive day daily check period following the second 

release (August 31-October 1).  As was discussed during the development of the study plan for upstream eel 

passage, interpretation of these types of passive mark-recapture studies can be very difficult given 

uncertainties around behavior of marked eels following release. It is uncertain as to the fate of marked eels 

not collected in the PUF lift during the active monitoring period. Marked eels may settle into suitable areas 

of habitat following release, may be predated, or the capture and marking of these individuals may 

negatively influence their continued upstream movement for a period of time. The inability to account for 

these behavioral responses downstream of PUF complicates the ability to properly assess the “near field 

effectiveness” of the current upstream eel lift. The second release of VIE marked eels at the end of August 

was released at the confluence of the tailrace and bypass reach (designated in the study plan) and was 

monitored for 33 days to assess recapture rates from this location.  Very few eels (marked or unmarked) 
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were captured after August 30 indicating that upstream movement in general may have slowed considerably 

during September.  

15. Variances from Approved Study Plan 
Several variances from the methodology described in the March 2021 RSP occurred during the field 

implementation of the nighttime surveys and VIE mark/recapture study.   

Variances from the RSP during the nighttime surveys included: 

1. Nighttime surveys were originally proposed as occurring ‘once every other week over a period of 

eight weeks starting in late-June and terminating in early-August’.  However, unusually high flows 

during July 2021 prevented the safe completion of surveys within the originally proposed timeline. 

Despite needing to shift survey events due to sampling conditions, Briar Hydro did still complete the 

four nighttime surveys and two electrofish surveys identified in the RSP during the months of June, 

July, and August 2021.  

Variances from the RSP during the VIE mark/recapture study included: 

2. The release site in the RSP was defined as ‘the confluence of the bypass reach and tailrace channel’.  

High flows prevented safe access to this reach during initial release (July 23).  Due to uncertainty as 

to when the proposed release location would be safely accessible and to prevent continued holding 

of tagged eels in the tank at PUF, the release location was shifted to a location downstream 

approximately 1/3 mile from the confluence of the bypass and tailrace flows. The release of the 

second group of VIE marked eels occurred at the bypass/tailrace confluence as described in the RSP. 

3. Methodology outlined in the RSP assumed the two release events would occur consecutively so that 

‘At the completion of the two week monitoring period, the second release group will be released 

downstream and Briar Hydro will initiate a second two week monitoring period.  During the 

second two-week monitoring period, the total number of marked (release #1 color and release #2 

color) and unmarked eels will be recorded for each daily lift event that the second VIE marked 

individuals would be released two weeks after the initial release providing four continuous weeks 

of monitoring for VIE marked eels from the first release and two weeks of monitoring for VIE 

marked eels from the second release.’  However, releases did not occur in this manner due to: 



Briar Hydro Associates  Study 

 

 
Normandeau Associates, Inc. 2022 409 

a. Concerns over whether untagged eels captured and anesthetized to examine for marks 

during the two-week check period following the initial VIE tagging event should be re-

anesthetized, tagged, and then used as part of the second release event. It was unclear how 

this might impact survival, migration motivation, and ultimately returns to the lift.  As a 

result, eels captured and checked during the two-week period following the initial release 

were released and a new collection period was initiated after two weeks.  

b. Eels collections at PUF were sporadic, preventing the collection of a suitable sample size 

(100 eels) during the RSP designated time period (5 days) to initiate a tagging event.  As a 

result, it took several days to gather a viable tagging sample over a short period of time (100 

eel in less than 5 days) which delayed the second release until August 30.  Monitoring during 

the second release was extended for 30 days to provide four weeks of monitoring for one 

of the releases as described in the study plan. 
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16. Appendices 

Appendix A. Field summary notes from nighttime visual surveys for American eel at 
Rolfe Canal and PLF June-August 2021 
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Appendix B. Field summary notes from electrofishing effort at Rolfe Canal and PLF 
during July and August 2021 
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1 Introduction and Background 

Briar Hydro Associates (Briar Hydro or Licensee) is in the process of relicensing the Rolfe Canal (FERC No. 

3240), Penacook Upper Falls (PUF; FERC No. 6689), and Penacook Lower Falls (PLF; FERC No. 3342) 

Hydroelectric Projects (Project; collectively, Projects) with the Federal Energy Regulatory Commission 

(FERC or Commission). The Projects are located on the Contoocook River in Boscawen and Concord, New 

Hampshire. PLF sits at river mile 0 of the Contoocook River, above the confluence with the Merrimack 

River. The Upper Penacook and Rolfe Canal Projects are located upstream at river miles 1.0 and 2.0, 

respectively. 

 

The current Project licenses were issued by the Federal Energy Regulatory Commission (FERC or 

Commission) in accordance with the Commission’s delegated authority under the Federal Power Act on 

November 17, 1982 (PLF) and December 5, 1984 (Rolfe Canal and PUF). By FERC order the original April 

17, 2018 license expiration for PLF was extended from October 31, 2022 to November 30, 2024 and 

matching the expiration for the Rolfe Canal and PUF Projects. Briar Hydro is pursuing a new license for the 

three Projects through the Commission’s Traditional Licensing Process (TLP). 

 

In response to requests provided by the resource agencies as part of the TLP process, Briar Hydro prepared a 

Preliminary Study Plan (PSP). The intent of the PSP was that the goals, methodology, scope, and schedule 

would be refined in consultation with interested stakeholders, as necessary. Briar Hydro distributed a 

copy of the PSP to representatives from the representatives from the U.S. Fish and Wildlife Service 

(USFWS), National Marine Fisheries Service (NMFS), New Hampshire Fish and Game Department (NHFGD) 

and the New Hampshire Department of Environmental Services (NHDES) on December 14, 2020. Following 

receipt and consultation related to comments on the PSP, Briar Hydro prepared a Revised Study Plan (RSP) 

which was finalized in March 2021 and filed with FERC on July 6, 2021. This Downstream Fish Passage 

Survival Study was conducted in support of obtaining a new license for the Project. 

 

2 Goals and Objectives 
The goal of this study was to estimate project-specific and cumulative effects of the Projects on the 

survival of emigrating diadromous species that pass through the Projects’ turbines. 

 

The objectives of this study were to: 
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• conduct a desktop turbine survival study for the full suite of diadromous species and life stages 

through all of the Projects’ turbines1; 

• calculate total project survival for each project using empirical or derived routing data and turbine 

survival model results; and 

• calculate cumulative survival through all of the Projects. 

 

3 Study Area 
The study area for the Downstream Fish Passage Survival Study included the Rolfe Canal, PUF, and PLF 

powerhouses and associated structures, including the intake structures. 

 

4 Methodology 
This study utilized the Turbine Blade Strike Analysis (TBSA) desktop tool to estimate passage 

survival/mortality rates for juvenile alosines at the Rolfe Canal, PUF and PLF Projects. The TBSA Tool was 

developed by the U.S. Fish and Wildlife Service, Region 5 Fish Passage Engineering Group (Towler and Pica 

2018). TBSA incorporates the turbine blade strike equations originally developed by the Idaho National 

Engineering Laboratory (Franke et al. 1997) and allows users to input site-specific information to inform a 

Monte Carlo simulation that probabilistically models turbine and non-turbine route fish passage mortality. 

 

As part of this effort, TBSA models were developed for each of the three Projects. The full set of potential 

downstream passage routes at each Project formed the framework for the station-specific passage 

survival estimates. Potential passage routes at each Project include spill, downstream bypass facilities or a 

single Kaplan turbine unit. This TBSA analysis focused specifically on the adult and juvenile life stages for 

American shad and river herring. Available length information from the Merrimack River watershed was 

used to inform those species models. 

 

For the purposes of this analysis it was assumed that downstream fish passage was distributed among the 

available passage routes proportional to flow. Seasonal flows and distribution to those passage routes 

were determined using the flow duration curves provided in the Briar Hydro’s Pre-Application Document 

(PAD). Flows considered as representative for the spring diadromous fish passage period were determined 

 
 

1 In their original study requests the USFWS, NMFS, and NHFGD indicated that in the event findings from the American Eel 
Downstream Passage Study were inconclusive with regards to passage survival then Briar Hydro should incorporate American 
eel into the Downstream Fish Passage Survival Study. Since field data collected from radio-tagged adult American eels allowed 
for the direct estimation of project-specific and cumulative passage at the Projects, Briar Hydro did not include eels as a target 
species of this desktop analysis. 
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using the flow duration curve for the month of May, whereas flows considered as representative for the 

fall diadromous fish passage period were determined using the October curve. For both the spring and 

fall seasons, exceedance flow values of 25%, 50%, and 75% were evaluated. Estimates of passage mortality at 

all non-turbine downstream passage routes (e.g., spill or downstream bypasses) were obtained based on 

observations from the spring 2021 adult river herring radio telemetry study. Estimates of passage 

mortality at Project turbines were calculated directly by the TBSA tool following input of unit-specific 

values (i.e., type, runner diameter, number blades, runner height, discharge, head, and rotational speed). 

 

Once values related to passage route utilization, turbine characteristics, and estimates of non-turbine 

passage mortality were entered into the TBSA model, a fish population size (i.e., 10,000 individuals), a 

value of the mean length of the modeled population, and a value of the standard deviation for the 

population mean length were identified. 

 

The TBSA simulation resulted in an estimate of turbine strike probability, an estimate of bypass failure, 

and an estimate of the percentage of the user-specified population which successfully passed 

downstream of a Project. Taken as a joint probability, these three estimates collectively provided an 

estimate of cumulative passage survival for the full set of Projects (i.e., downstream passage). 

 

4.1 Required Model Inputs 

The following information was required for the development of desktop models to address downstream 

passage survival for alosine species at Rolfe Canal, PUF, and PLF: 

 

• Mean body length and associated standard deviation for anticipated outmigrating populations of 

adult river herring, adult American shad, and juvenile alosines; 

• Inflow for the downstream passage season for spring (i.e., May) and fall (i.e., October) migrants 

for the 75%, 50%, and 25% exceedance conditions; 

• Set of physical parameter values and estimates for characterizing each of the Kaplan turbine units 

housed in the three Project powerhouses; 

• Calibrated values of lambda for use in the new downstream passage models for adult alosines 

(calibration to be informed using estimated turbine survival rates obtained during the 2021 field 

study for adult alosines); 

• Proportional distribution among available downstream passage routes; and 

• Non-turbine route-specific survival estimates (obtained from the 2021 field study). 
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5 Results 

5.1 Target Species Body Size information 
Body size information for the three target fish species/life stages included in this analysis are presented in 

Table 5-1. Species-specific length ranges were obtained from the recently completed Fish Passage 

Survival Study for the Lowell Hydroelectric Project (FERC No. 2790) located in the lower Merrimack River 

watershed2. For modeling purposes a normal distribution was assumed and the mid-point of each species- 

specific range was adopted as the mean value. An associated standard deviation was calculated as 1/3 the 

value between the mean and upper or lower bound of the range. This ensured that approximately 99% of 

the overall expected size range for each species or life stage would be considered. 

 

Table 5-1. Size range (i.e., minimum – maximum), average, and associated standard 
deviation for target diadromous fish species in the Merrimack River watershed 
 

Species 
Minimum 
(inches) 

Maximum 
(inches) 

Average 
(inches) 

Std. Dev. 

River herring (Adult) 9 13 11 0. 7 

American shad (Adult) 15 23 19 1.3 

Juvenile Alosine 2 6 4 0.7 
 

5.2 Project Inflow Conditions 
In order to model passage survival under low, medium, and high flow conditions, representative monthly 

flow duration curves were collected from the PAD. The month of May was chosen to represent spring 

flows, and October was used to represent fall flows. Values for the 25%, 50%, and 75% exceedance 

conditions were considered as part of this analysis and are presented in Table 2. 

 

Table 5-2. Contoocook River inflow at Rolfe Canal, PUF, and PLF for the 25%, 50%, and 75% 
exceedance condition during the spring (May) and fall (October) fish passage periods 
 

Percent Exceedance Spring (cfs) Fall (cfs) 

25 2,200 800 

50 1,750 450 

75 1,050 250 
 
 
 
 
 
 

 

2 FERC Accession No. 20211101-5277 
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Figure 60-37:  Flow duration curve for the month of May on the Contoocook River.  

Note: Reproduced from Project PAD 

 
Figure 60-38:  Flow duration curve for the month of October on the Contoocook River.  

Note: Reproduced from Project PAD 
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5.3 Project Turbine Parameters 

Table 5-3 provides a summary of the descriptive parameters for each of the Kaplan turbines in operation at 

each of the three Project powerhouses. A single Kaplan style turbine is operated at each to the three Briar 

Hydro Projects on the Contoocook River. Runner diameter (~9.8 ft), number of blades (n = 5), and maximum 

discharge are identical among the three stations. Rotational speed varied among Projects (131- 150 rpm).  

Trash rack spacing at each of the three Projects is 3.5 inches or greater. 

 

Table 5-3. Characteristics of Project turbines in operation at the Rolfe Canal, PUF, and PLF 
powerhouses 
 

 

 

5.4 Calibration of Lambda 
In addition to the turbine parameters described above, the strike mortality correlation factor, lambda (λ) is 

also required to run simulations of downstream fish passage survival using the USFWS TBSA Tool. 

Typically, it is recommended that a starting lambda value of 0.2 be used for alosine species, but in this case, 

lambda was calibrated using the site-specific survival rate obtained during the 2021 adult alosine telemetry 

study. Although telemetry-based survival data were only collected for adult river herring, these data were 

also used as a surrogate to calibrate a lambda value to model adult American shad passage survival. Models 

for juvenile alosines utilized the recommended lambda value of 0.2. To accomplish the lambda calibration 

with observations from the 2021 field telemetry study for adult herring, multiple simulations were run 

which held the project-specific turbine parameters and fish  population characteristics constant while 

allowing the correlation factor to vary. These simulations were run until a value of lambda was identified 

which produced a TBSA estimate of turbine passage survival equivalent (within 1%) to that observed during 

field study conducted during 2021. The resulting values for lambda used as part of this analysis for PLF, 

PUF, and Rolfe Canal are presented in Tables 5-4, 5-5, and 5-6, respectively. 

 PLF PUF Rolfe Canal 

Turbine Type Kaplan Kaplan Kaplan 

Runner Diameter (ft) 9.8 9.8 9.8 

Number of Blades 5 5 5 

Turbine Discharge (cfs) 2,000 2,000 2,000 

Discharge at Optimum Efficiency (cfs) 1,300 1,525 1,375 

Net Head (ft) 36 24 36 

Speed (rpm) 131 138 150 

Turbine Efficiency (%) 93.8 92.5 92.4 

Trash Rack Clear Spacing (inches) 3.625 3.5 3.5 
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Table 5-4. Correlation factor values (λ) used to calibrate turbine passage component of 
TBSA models for PLF 
 

 
 

Fish Species (life stage) 

 

Field-derived Turbine Survival 
Rate 

 

Correlation 
Factor (λ) 

Resulting TBSA 
Turbine Survival 

Rate 

River herring (Adult) 71.1% (95% CI = 56.4%-82.4%) 0.6 72.1% 

American shad (Adult) - 0.6Ŧ - 

Juvenile Alosine - 0.2* - 
Ŧ Calibrated River herring correlation factor was used 
*As no field-derived estimate of juvenile alosine survival was available, the standard USFWS value of λ =0.2 was used 

 
 

Table 5-5. Correlation factor values (λ) used to calibrate turbine passage component of 
TBSA models for PUF 
 

 
 

Fish Species (life stage) 

 

Field-derived Turbine Survival 
Rate 

 

Correlation 
Factor (λ) 

Resulting TBSA 
Turbine Survival 

Rate 

River herring (Adult) 82.4% (95% CI = 57.3%-94.2%) 0.35 83.3% 

American shad (Adult) - 0.35Ŧ - 

Juvenile Alosine - 0.2* - 
Ŧ Calibrated River herring correlation factor was used 
*As no field-derived estimate of adult shad or juvenile alosine survival was available, the standard USFWS value of λ =0.2 was used 

 
 

Table 5-6. Correlation factor values (λ) used to calibrate turbine passage component of 
TBSA models for Rolfe Canal 
 

 
 

Fish Species (life stage) 

 

Field-derived Turbine Survival 
Rate 

 

Correlation 
Factor (λ) 

Resulting TBSA 
Turbine Survival 

Rate 

River herring (Adult) 50.0% (95% CI = 20.0%-80.0%) 0.98 49.6% 

American shad (Adult) - 0.98Ŧ - 

Juvenile Alosine - 0.2* - 
Ŧ Calibrated River herring correlation factor was used 
*As no field-derived estimate of adult shad or juvenile alosine survival was available, the standard USFWS value of λ =0.2 was used 

 

5.5 Passage Route Distribution 

Downstream passage survival analyses were assembled under the assumption that fish routed among 

available passage routes proportional to flow. Table 5-7 summarizes the distribution of water at each of 

the three Projects under each of the seasonal inflow conditions presented in Table 5-2. For PLF and PUF, it 

was assumed that the bypass was operated normally with 25 cfs passing through, while at the Rolfe 

Canal, a minimum of 100 cfs was assumed to constantly pass via spill, or through the gate at the York dam. 

Inflow of up to 2,000 cfs was assumed pass via each of the Projects single Kaplan turbines. Any inflow in 
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excess of the downstream bypass and powerhouse was assumed to pass downstream via spill. 

Additionally, if inflows did not amount to enough water to operate the turbine unit (i.e., less than 200 cfs), it 

was assumed that all water was passed via a combination of spill and the downstream bypass, if 

applicable. 

 

Table 5-7. Distribution of inflow at the three Projects under the 25%, 50%, and 75% 
exceedance conditions during the spring and fall fish migration periods 
 

 
Condition 

Inflow 
(cfs) 

Discharge (cfs) Distribution (%) 

Turbine Bypass Spill Turbine Bypass Spill 

P
LF

 

Spring - 25% Exceedance 2,200 2,000 25 175 90.9% 1.1% 8.0% 

Spring - 50% Exceedance 1,750 1,725 25 0 98.6% 1.4% 0.0% 

Spring - 75% Exceedance 1,050 1,025 25 0 97.6% 2.4% 0.0% 

Fall - 25% Exceedance 800 775 25 0 96.9% 3.1% 0.0% 

Fall - 50% Exceedance 450 425 25 0 94.4% 5.6% 0.0% 

Fall - 75% Exceedance 250 225 25  90.0% 10.0% 0.0% 

P
U

F 

Spring - 25% Exceedance 2,200 2,000 25 175 90.9% 1.1% 8.0% 

Spring - 50% Exceedance 1,750 1,725 25 0 98.6% 1.4% 0.0% 

Spring - 75% Exceedance 1,050 1,025 25 0 97.6% 2.4% 0.0% 

Fall - 25% Exceedance 800 775 25 0 96.9% 3.1% 0.0% 

Fall - 50% Exceedance 450 425 25 0 94.4% 5.6% 0.0% 

Fall - 75% Exceedance 250 225 25 0 90.0% 10.0% 0.0% 

R
C

 

Spring - 25% Exceedance 2,200 2,000 5 195 90.9% 0.2% 8.9% 

Spring - 50% Exceedance 1,750 1,645 5 100 94.0% 0.3% 5.7% 

Spring - 75% Exceedance 1,050 945 5 100 90.0% 0.5% 9.5% 

Fall - 25% Exceedance 800 695 5 100 86.9% 0.6% 12.5% 

Fall - 50% Exceedance 450 345 5 100 76.7% 1.1% 22.2% 

Fall - 75% Exceedance 250 0 5 245 0.0% 2.0% 98.0% 

 
 

5.6 Non-Turbine Passage Mortality Rates 

Estimation of project passage survival for the theoretical populations of adult and juvenile alosines 

evaluated as part of this study with the USFWS TBSA model required user-defined input to characterize 

survival of individuals passing downstream via any non-turbine passage routes. To support this analysis, 

empirical field-derived passage rates for adult river herring were available from the 2021 field evaluation of 

downstream passage at Rolfe Canal, PUF, and PLF. The bypass and spill survival/mortality rates 

observed during that study were utilized during TBSA model construction for adult river herring, adult 

American shad, and juvenile alosines as part of this evaluation. A summary of non-turbine passage 

mortality rates for adult river herring at Rolfe Canal, PUF, and PLF is provided in Table 5-8. 
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Table 5-8. Field-derived (adult herring) or assumed (adult shad/juvenile alosine) non- 
turbine route mortality rates for species/life stages at the three Projects 
 

 Fish Species (life 
stage) 

Bypass Spill Notes 

P
LF

 

 
River herring (Adult) 

 
10.5% 

 
1.0% 

No fish passed via spill at PLF in telemetry 
study. Used an average of PUF and RC spill 
mortality. 

American shad (Adult) 10.5% 1.0% Used adult river herring rates as surrogate 

Juvenile Alosine 10.5% 1.0% Used adult river herring rates as surrogate 

P
U

F 

River herring (Adult) 4.7% 0.0%  

American shad (Adult) 4.7% 0.0% Used adult river herring rates as surrogate 

Juvenile Alosine 4.7% 0.0% Used adult river herring rates as surrogate 

R
o

lf
e 

C
an

al
 River herring (Adult) NA 2.0%  

American shad (Adult) NA 2.0% Used adult river herring rates as surrogate 

Juvenile Alosine NA 2.0% Used adult river herring rates as surrogate 

 
 

5.7 TBSA Model Results 

Species-specific body size information, turbine parameters, assumed passage route distribution 

information, and available non-turbine survival rates were combined using the TBSA Tool to 

generate estimates of passage survival for adult river herring, adult American shad, and juvenile 

alosines. Estimates were generated for a high flow condition (i.e., 25% exceedance condition), 

mid flow condition (i.e., 50% exceedance condition) and a low flow condition (i.e., 75% 

exceedance condition). Results are presented in Tables 5-9 (adult river herring), 5-10 (adult 

American shad), and 5-11 (juvenile alosines). Cumulative survival reflecting passage at all three 

Projects is presented in Table 5-12. It is important to note that for adult river herring and adult 

American shad, only the spring flow conditions were used in the models. For juvenile alosines, 

only the fall flow conditions were used. These time periods correspond with the biological timing of 

downstream migration for each of the species and life stages assessed in this analysis. During the 

lowest flows assessed for the fall time period (i.e., for juvenile alosines), the Rolfe Canal turbine 

was assumed to be off due to a lack of adequate flow. For all flow conditions assessed for the 

spring time period (i.e., for adult river herring and adult American shad), all project turbines 

were assumed to be operating as there would be enough water for the turbines to be on. 
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At Rolfe Canal, the highest estimate of whole station survival for adult river herring (58.9%) 

occurred under the mid flow condition (i.e., 50% exceedance condition), whereas the highest 

estimate of whole station survival for adult shad (29.9%) and juvenile herring (97.8%) occurred 

under the lowest flow condition (i.e., 75% exceedance condition; Table 5-9). At PUF, the highest 

estimate of whole station survival for adult river herring (84.9%) and adult shad (75.2%) occurred at 

the highest flow condition (i.e., 25% exceedance condition) whereas the highest estimate of 

whole station survival for juvenile alosines (96.7%) occurred at the lowest flow condition (Table 5-

10). At PLF, the highest estimate of whole station survival for each species/life stage occurred 

during the highest flow condition: 73.9%, 61.1% and 96.2% survival for adult river herring, adult 

shad, and juvenile alosines, respectively (Table 5-11). Overall, the estimates of whole station 

survival for an individual species or life stage at a single Project did not vary greatly across the set of 

flow conditions considered during this analysis with the difference in survival remaining within 5%. 

The higher estimate of survival at Rolfe Canal under the low flow condition is likely attributable 

to the limited inflow not being great enough to run the turbine (i.e., all fish would pass via spill). 

 

The cumulative survival for adult and juvenile alosines (i.e., the percent survival for a species/life 

stage passing downstream at Rolfe Canal, PUF, and PLF) is presented in Table 5-11. Under a 

median flow condition, cumulative survival was estimated at 35.7% for adult river herring (58.9% 

* 83.3% * 72.7% = 35.7%), 9.4% for adult American shad (23.8% * 71.7% * 55.0% = 9.4%) and 

89.5% for juvenile alosines (96.9% * 96.1% * 96.1% = 89.5%). 
 

 
Table 5-9: TBSA estimated rates for turbine strike, bypass failure, and passage survival for 
adult river herring under a high, mid, and low flow condition at the three Briar Hydro Projects 
 

 Condition Turbine Strikes Bypass Failures Survival 

P
LF

 

Spring - 25% Exceedance 26.0% 0.1% 73.9% 

Spring - 50% Exceedance 27.3% 0.0% 72.7% 

Spring - 75% Exceedance 27.0% 0.2% 72.8% 

P
U

F 

Spring - 25% Exceedance 15.0% 0.1% 84.9% 

Spring - 50% Exceedance 16.8% 0.0% 83.3% 

Spring - 75% Exceedance 16.3% 0.2% 83.6% 
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 Condition Turbine Strikes Bypass Failures Survival 
R

o
lf

e 

C
an

al
 Spring - 25% Exceedance 43.8% 0.2% 56.1% 

Spring - 50% Exceedance 40.9% 0.2% 58.9% 

Spring - 75% Exceedance 41.6% 0.1% 58.3% 

 

 

Table 5-10:   TBSA estimated rates for turbine strike, bypass failure, and passage survival for 
adult American shad under a high, mid, and low flow condition at the three Briar Hydro 
Projects 
 

 Condition Turbine Strikes Bypass Failures Survival 

P
LF

 

Spring - 25% Exceedance 38.7% 0.2% 61.1% 

Spring - 50% Exceedance 44.9% 0.1% 55.0% 

Spring - 75% Exceedance 41.8% 0.2% 58.0% 

P
U

F 

Spring - 25% Exceedance 24.7% 0.1% 75.2% 

Spring - 50% Exceedance 28.3% 0.0% 71.7% 

Spring - 75% Exceedance 26.1% 0.0% 73.8% 

R
o

lf
e 

C
an

al
 Spring - 25% Exceedance 73.1% 0.4% 26.5% 

Spring - 50% Exceedance 76.0% 0.2% 23.8% 

Spring - 75% Exceedance 70.0% 0.1% 29.9% 

 

Table 5-11:   TBSA estimated rates for turbine strike, bypass failure, and passage survival for 
juvenile alosines under a high, mid, and low flow condition at the three Briar Hydro Projects 
 

 Condition Turbine Strikes Bypass Failures Survival 

 P
LF

 

Fall - 25% Exceedance 3.3% 0.4% 96.2% 

Fall - 50% Exceedance 3.8% 0.1% 96.1% 

Fall - 75% Exceedance 2.9% 1.4% 95.8% 

 P
U

F 

Fall - 25% Exceedance 3.5% 0.1% 96.4% 

Fall - 50% Exceedance 3.0% 0.9% 96.1% 

Fall - 75% Exceedance 2.1% 1.2% 96.7% 

R
o

lf
e 

C
an

al
 Fall - 25% Exceedance 3.1% 0.3% 96.7% 

Fall - 50% Exceedance 2.6% 0.5% 96.9% 

Fall - 75% Exceedance 0.0% 2.2% 97.8% 

 

Table 5-12:   TBSA estimated cumulative survival for adult and juvenile alosines 
 

Species Condition Cumulative Survival 

 
Adult river herring 

Spring - 25% Exceedance 35.2% 

Spring - 50% Exceedance 35.7% 

Spring - 75% Exceedance 35.5% 

Adult American shad 
Spring - 25% Exceedance 12.2% 

Spring - 50% Exceedance 9.4% 
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Species Condition Cumulative Survival 

 Spring - 75% Exceedance 12.8% 

 
Juvenile alosines 

Fall - 25% Exceedance 89.7% 

Fall - 50% Exceedance 89.5% 

Fall - 75% Exceedance 90.6% 
 

 

6 Summary 
A desktop-based evaluation of downstream passage success for adult river herring, adult American shad, 

and juvenile alosines was conducted in support of the FERC relicensing of the Rolfe Canal, PUF, and PLF 

Projects. Passage success was evaluated using the TBSA Tool developed by the U.S. Fish and Wildlife 

Service, Region 5 Fish Passage Engineering Group (Towler and Pica 2018). This TBSA analysis incorporated 

the turbine blade strike equations originally developed by the Idaho National Engineering Laboratory 

(Franke et al. 1997) as well site-specific information pertaining to the three Briar Hydro Projects to inform a 

Monte Carlo simulation that probabilistically modeled turbine and non-turbine route fish passage 

mortality. Additionally, in this analysis, the field derived survival rates for turbine passage of adult river 

herring were used to calibrate the correlation coefficient (lambda) to more specifically tailor the results to 

each specific Project turbine. 

 

Three different flow conditions were assessed for project survival for adult and juvenile alosines. High 

flow (i.e., 25% exceedance), mid flow (i.e., 50% exceedance) and low flow (i.e., 75% exceedance) conditions 

were selected from a May flow duration to be representative for the spring outmigration period (i.e., 

adult river herring and American shad) and from October to be representative for the fall outmigration 

period (i.e., juvenile alosines). These months reflect the potential flow conditions expected during the time 

period that each species/ life stage is known to migrate downstream. Available inflow was also used to 

determine how discharge and fish would distribute to the available passage routes at each Project. Survival 

rates were estimated for each species at each of the flow conditions at all three Projects. These estimated 

survival rates were then used to determine a rate of cumulative passage success across all three Projects 

combined. 

 

Estimated survival rates for adult river herring ranged from 72.7% to 73.9% at PLF, 83.3% to 84.9% at PUF, 

and 56.1% to 58.9% at Rolfe Canal. These desktop estimates are comparable for adult herring passage at 

PLF (75.9% [95% CI = 65.8-83.7%]) PUF (91.8% [95% CI = 82.9-96.3%]). However, the desktop estimate for 

adult river herring at Rolfe Canal (58.9% under a median flow condition) was much lower than observed 
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during the field study which was estimated at 91.4% (95% CI = 80.9-96.4%). Operational conditions during 

 

the 2021 field study at Rolfe Canal resulted in a period of time where the station turbine was offline for a 

large percentage of the passage period which resulted in a significant portion of adult herring passing 

downstream via the York Dam bypass. Turbine passage survival was estimated for radio tagged adult river 

herring at Rolfe Canal at 50% providing support for the lower desktop evaluation estimate which assumed 

a higher percentage of adult herring would attempt downstream passage via the Rolfe Canal turbine. 

Additionally, the field derived adult river herring survival rate of 50% through the Rolfe Canal turbine was 

based on a limited sample size (n = 8) which increases the uncertainty for the estimate. For American 

shad, depending on flow, estimated survival rates ranged from 55.0% to 61.1% at PLF, 71.7% to 75.2% at 

PUF, and 23.8% to 29.9% at Rolfe Canal. For juvenile alosines, depending on flow, estimated survival rates 

ranged from 95.8% to 96.9% at PLF, 96.1% to 96.7% at PUF, and 96.7% to 97.8% at Rolfe Canal. These 

passage survival rates then translate to a cumulative three Project rate ranging from 35.2% to 35.7% for 

adult river herring, 9.4% to 12.8% for American shad, and 89.5% to 90.6% for juvenile alosines. 

 

A full summary of the methodology and results from the adult silver-phase American eel study conducted 

during the fall of 2021 is provided in the American Eel Downstream Passage Study Report. Project-specific 

estimates of passage survival for American eels were 92.1% (95% CI = 82.3-96.7%) for Rolfe Canal, 84.8% 

(95% CI = 75.1-91.2%) for PUF, and 90.9% (95% CI = 82.9-95.4%) for PLF. This resulted in a cumulative 

estimated downstream passage survival of 71.0% (95% CI = 60.8-80.4%). 

 

7 Variances from Approved Study Plan 
The Downstream Fish Passage Survival Study was conducted following the methods described in the RSP 

which was finalized in March 2021 and filed with FERC on July 6, 2021. 
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1 Introduction and Background 

Briar Hydro Associates (Briar Hydro or Licensee) is in the process of relicensing the Rolfe Canal (FERC No. 

3240), Penacook Upper Falls (PUF; FERC No. 6689), and Penacook Lower Falls (PLF; FERC No. 3342) 

Hydroelectric Projects (Project; collectively, Projects) with the Federal Energy Regulatory Commission 

(FERC or Commission).  The Projects are located on the Contoocook River in Boscawen and Concord, New 

Hampshire.  PLF sits at river mile 0 of the Contoocook River, above the confluence with the Merrimack 

River.  The Upper Penacook and Rolfe Canal Projects are located upstream at river miles 1.0 and 2.0, 

respectively (Figure 1-1).  

The current Project licenses were issued by the Federal Energy Regulatory Commission (FERC or 

Commission) in accordance with the Commission’s delegated authority under the Federal Power Act on 

November 17, 1982 (PLF) and December 5, 1984 (Rolfe Canal and PUF). By FERC order the original April 

17, 2018 license expiration for PLF was extended from October 31, 2022 to November 30, 2024 and 

matching the expiration for the Rolfe Canal and PUF Projects. Briar Hydro is pursuing a new license for the 

three Projects through the Commission’s Traditional Licensing Process (TLP). 

In response to requests provided by the resource agencies as part of the TLP process, Briar Hydro prepared 

a Preliminary Study Plan (PSP). The intent of the PSP was that the goals, methodology, scope, and schedule 

would be refined in consultation with interested stakeholders, as necessary.  Briar Hydro distributed a 

copy of the PSP to representatives from the representatives from the U.S. Fish and Wildlife Service 

(USFWS), National Marine Fisheries Service (NMFS), New Hampshire Fish and Game Department (NHFGD) 

and the New Hampshire Department of Environmental Services (NHDES) on December 14, 2020.  

Following receipt and consultation related to comments on the PSP, Briar Hydro prepared a Revised Study 

Plan (RSP) which was finalized in March 2021 and filed with FERC on July 6, 2021.  This report describes 

the Freshwater Mussel Study conducted in support of obtaining a new license for the Project.  

19. Goals and Objectives 
The goal of this study was to characterize the existing freshwater habitat and assess the presence and 

relative distribution freshwater mussels (unionids) in the Rolfe Canal, PUF and PLF Project areas. The 

specific objective for this study was to survey the Project areas for suitable mussel habitat as well as 

determine relative species composition, relative distribution and abundance of freshwater mussel 

species.  
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20. Study Area 
Between September 13 and September 15, 2021, Normandeau Associates Inc. (Normandeau) conducted 

a qualitative freshwater mussel survey of the Rolfe Canal, PUF and PLF impoundments, the York Dam 

bypass reach, and a section of the Contoocook River immediately downstream of PLF (Figure 3-1). The 

Contoocook River is a major tributary to the Merrimack River and has a total drainage area of 

approximately 765 square miles. Table 3-1 provides a list of the survey reaches, their total distance and 

maximum number of survey sites within each. Survey sites were selected at representative locations 

within a particular Project area reach. Several study variances to the study design described in the RSP 

occurred such that Transects 3, 6 and 8 were not surveyed due to unsuitable habitat or steep contours 

along the river margins in these sections of the river (see Section 7). Transect locations were adjusted to 

assess the representative habitat observed in each project reach. 

Table 3–48. Freshwater Mussel Survey Sites for Rolfe Canal, PUF, and PLF Project Areas. 

• Reach 
• Reach Length 

(Miles) 
• No. Survey 

Reaches 

Downstream of PLF 0.2 2 

PUF to PLF 0.4 2 

Rolfe Canal to PUF 0.6 0 

York Dam Bypass Reach 0.8 3 

Rolfe Canal Impoundment 9.0 12 

Total Reach 11.0 19 

 

21. Methodology 
The mussel survey was conducted following the RSP and the survey plan submitted to NHFGD on 

September 3, 2021 (Appendix A). Normandeau malacologist Joseph Snavely led the field survey as 

permitted under a New Hampshire Scientific Collectors Permit, dated September 8, 2021 and included in 

Appendix B. A total of 19 survey locations were established no more than five meters from the shorelines 

of the impoundment margins in water depths up to five feet. At each survey site a transect was placed, 

50 m in length and oriented parallel to the shoreline with focus on the area’s most likely to be affected by 

water level fluctuation. Each transect was divided into five consecutive 10 m long segments (i.e., segment 

1, segment 2, segment 3, segment 4, and segment 5). Transects were surveyed in a downstream to 

upstream fashion and segments were labeled accordingly. Segment 1 was positioned at the most 

downstream point and segment 5 at the upstream limit. 
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Normandeau surveyors used visual and tactile search methods to survey the river bottom substrate in 

each 10 m segment. More survey time was spent in high quality habitats and less in poor quality habitat. 

Surveyors assessed the available substrate habitat at each transect location as well as searched for 

evidence of live mussel populations. The width of each 50-meter segment depended on river contours 

and bathymetry (maximum width of 5 meters). Live mussels were collected from the substrate surface for 

identification and processing (e.g., rare or state-listed species). Substrate was hand-swept to 

approximately 1-2 inches depth to locate semi-burrowed individuals. Given the amount of ledge and 

bedrock habitat, shoreline locations were selected in the field based on the likelihood to support mussels. 

Representative photographs of all live species observed were recorded. Any state-listed species were 

measured (shell length) and photographed. Common species such as the eastern elliptio (Elliptio 

complanata) were identified and counted at depth but not measured. Relative abundances were recorded 

in areas of highly dense mussel communities. No quantitative sampling or excavations were conducted 

during the survey effort. The mussels captured during the surveys were kept in mesh dive bags in free-

flowing river water until they were identified and processed. Out of water and holding times were 

minimized to reduce stress to the mussels prior to returning them to their transect segment. The mussels 

found in the survey area were placed back into river bottom substrate, anterior end down in the 

approximate areas where they were collected. 

 

Data recorded from the survey included total time searched in each transect; substrate composition 

(visual percentage based on Wentworth scale); water depth (nearest foot); and other notable features.  

Field data sheets are provided in Appendix C. Photographs of the survey transects are provided in 

Appendix D.  The resume of Joseph Snavely, who prepared the survey plan, oversaw the survey, and 

prepared this report, is provided in Appendix E. 

22. Results 
The freshwater mussel survey occurred September 13-15, 2021. During the survey, the weather was sunny 

to partly cloudy. Air temperatures ranged from 66-78 oF. Water temperatures ranged between 63-64 oF. 

Water clarity was suitable for surveying for freshwater mussels, with visibility reaching up to two meters 

(m). Flows (as measured at USGS gage 01085500) were generally consistent, ranging between 1,030-1,290 

cubic feet per second (cfs) over the course of the survey effort. 
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In general, the habitat conditions present in the impoundment and downstream in the tailwaters of the 

Project areas are conducive to mussels. Overall, the 19 transects surveyed displayed a wide range in 

mussel assemblages present in the project operation area. After approximately 17.4 hours of search 

effort, a total of 2,738 live freshwater mussels were collected, comprised of four live species and one 

species observed as shell material only (Table 5-1). The dominant species, eastern elliptio (Elliptio 

complanata), represented approximately 97.8% of the total catch (Table 5-1).  A total of 53 live brook 

floater (Alasmidonta varicosa), a New Hampshire state endangered species, were observed during this 

effort from three locations.  However, it is likely that they are present at other locations. A. varicosa 

represented approximately 1.9% of the total catch. The triangle floater (Alasmidonta undulata; n=5) and 

eastern floater (Pyganodon cataracta; n=3) represented 0.3% of the total catch combined. Shell material 

of eastern lampmussel (Lampsilis radiata) was observed throughout the Rolfe Canal Impoundment but no 

live individuals were observed during the survey. The overall Catch Per Unit Effort (CPUE) for this survey 

was calculated at 157.4 mussels per hour of search effort (Table 5-1). 

5.1 Habitat 

Habitat varied throughout the survey areas, but most transects provided ideal burrowable substrates for 

mussels. Some areas of these reaches were deeply incised and suitable habitat for freshwater mussels 

along the shallow river margins was not likely to be affected by water level fluctuation.  

5.1.1 Downstream of Penacook Lower Falls 

Two transects were placed downstream of PLF; Transect 1 and Transect 2. Substrate at these locations 

was dominated by gravel, cobble and boulder (Figure 5-1; Table 5-2). Boulder was present on Transect 2 

in segments 1 through 4. Silt was only present on Transect 2, segment 5. Sand was present throughout 

Transects 1 and 2. 

5.1.2 Penacook Upper Falls to Penacook Lower Falls 

The RSP identified three transects within the reach between PLF and PUF: Transect 3, Transect 4, and 

Transect 5. Transect 3 was not surveyed due to the lack of appropriate habitat. This area was deeply 

incised and not likely to be affected by changes in water level. Substrate at Transect 4 consisted of silt, 

sand, gravel and cobble in each transect segment. Transect 5 contained similar substrates, such as cobble, 

gravel, sand and silt. Substrate in segment 5 was comprised of 100 percent silt whereas segment 4 was 

almost entirely cobble.  No silt was observed in segments 1 or 2 (Figure 5-1; Table 5-2). 
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5.1.3 Rolfe Canal to Penacook Upper Falls 

Two transects, Transect 6 and Transect 8, were identified in the RSP for the section of the Contoocook 

River between PUF and Rolfe Canal. Based on visual observations in the field, neither location was 

surveyed due to the lack of appropriate habitat. These areas were deeply incised and provided little to no 

suitable freshwater mussel habitat along the river margins.  

5.1.4 York Dam Bypass Reach 

The RSP identified three transects within the York Dam bypass reach: Transect 7, Transect 9, and Transect 

10. Transect 7 was characterized as containing a mix of boulder, cobble, gravel, sand, and silt substrates. 

The presence of silt was limited to segment 4 (Figure 5-1; Table 5-2).  Transect 9 was dominated by cobble 

with areas of gravel and sand observed in segments 1 and 2. Boulder and some bedrock substrate was 

observed in all five segments of Transect 9. Transect 10 contained a similar mix of substrate types to that 

observed in Transect 9 but contained a larger percentage of bedrock.   

5.1.5 Rolfe Canal Impoundment 

Transects 11 through 22 were positioned within the Rolfe Canal impoundment with Transect 11 located 

just upstream of the channel split to the Rolfe Canal gatehouse and York Dam bypass reach. Transect 22 

was located at the upstream end of the impoundment, just downstream of the Penacook Road Bridge 

(Figure 3-1). Diversity of substrate types was greater for transects located towards the downstream end 

of the Rolfe Canal impoundment. Transects 11, 13, 15, and 16 were characterized with a mix of substrate 

types ranging from boulder to silt (Figure 5-1; Table 5-2). With the exception of Transect 21, at which 

some limited gravel substrate was observed, the transects in the upper half of the Rolfe Canal 

impoundment (i.e., Transects 17 to 22) were primarily silt substrate with some areas of sand (Figure 5-1; 

Table 5-2).   

5.2 Unionid Community 

Over 17.4 hours of survey effort were expended over 950 square meters of river bottom. During this time, 

a total of 2,738 live mussels were observed (Table 5-1) The CPUE was calculated at greater than 100 

mussels observed per hour for over half the transects evaluated during this study (11 out of the 19 

transects) indicating a robust mussel community (Table 5-3). The highest values of CPUE were recorded 

in the Rolfe Canal impoundment stations (Transect 10 through Transect 21).  The average CPUE across all 

transects surveyed during this study was 157.4 mussels per hour of search effort (Table 5-3). Transect 

CPUE and mussel counts are graphically presented in Figures 5-2 and 5-3, respectively.  



Briar Hydro Associates Instream and Habitat Assessment Study

 

 
Normandeau Associates, Inc. 2022 467 

5.2.1 Downstream of Penacook Lower Falls 

A total of 67 live mussels representing a single species (E. complanata) were observed at Transects 1 and 

2 located in the section of the Contoocook River downstream of PLF (Table 5-4). The CPUE at survey 

transects downstream of PLF ranged between 38.8-40.0 mussels per hour of search time (Table 5-3).  

5.2.2 Penacook Upper Falls to Penacook Lower Falls 

Survey effort at Transects 4 and 5 yielded a total of 70 live mussels representing two species. Most live 

individuals (68 of the 70) were E. complanata with the remainder identified as A. varicosa (Table 5-4). An 

additional weathered A. varicosa shell was collected along Transect 4. CPUE was 4.0 mussels per hour at 

Transect 4 and 90.0 mussels per hour at Transect 5 (Table 5-3). 

5.2.3 Rolfe Canal to Penacook Upper Falls 

As noted above in Section 5.1.3, Transects 6 and 8 were not surveyed due to a lack of suitable 

freshwater mussel habitat along the channel margins in this section of the Project area. 

5.2.4 York Dam Bypass Reach 

A total of 160 live mussels representing four species were observed at Transects 7, 9, and 10 located 

within the York Dam bypass reach (Table 5-4). The majority of live mussels from that section of the Project 

areas were E. complanata (n = 104) and A. varicosa (n = 51). A limited number of live A. undulata (n = 4) 

and P. cataracta (n = 1) were also observed. All four species were observed at Transect 10 whereas 

observations at Transects 7 and 9 were limited to only E. complanata. The CPUE was higher at Transect 

10 (111.8 mussels per hour) than at Transects 7 and 9 located towards the lower part of the York Dam 

bypass reach (3.8-30.9 mussels per hour; Table 5-3). The CPUE for Transect 10 was the highest for all sites 

located downstream of the Rolfe Canal impoundment. 

5.2.5 Rolfe Canal Impoundment 

A total of 2,438 live mussels representing three species were observed among the 12 transects located 

within the Rolfe Canal impoundment (Table 5-4). The majority (2,438 out of 2,441) of the live mussels 

were identified as E. complanata. A limited number of live A. undulata (n = 1) and P. cataracta (n = 2) were 

also observed. In addition to live specimens, a total of four freshly dead and five weathered L. radiata 

shells were observed along with limited numbers of weathered A. undulata (n = 1) and P. cataracta (n = 

1). Live E. complanata was observed at each of the twelve transects ranging from a high of 530 individuals 

at Transect 17 to a low of one individual at Transect 22. Live specimens of A. undulata were observed at 

Transects 17 and 19 and of P. cataracta at Transect 19. When all live specimens are considered, CPUE was 
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greater than 100 mussels per hour for each transect in the Rolfe Canal with the exception of Transects 19 

and 22 (Table 5-3). Trends in CPUE were driven by the abundance of E. complanata. 

23. Summary 
Populations of unionid mussels exist in the shallow river margins throughout the surveyed reach which 

are likely to be affected by Project operations that result in a change in water surface elevation. Dense 

mussel beds were observed between one foot and five feet of water depth within 15 feet of the shoreline. 

Whereas most mussels observed were common species such as the eastern elliptio (E. complanata), 

several populations of the New Hampshire state endangered brook floater (A. varicosa) exist between the 

York Dam Bypass and the Penacook Upper Falls facilities.  

One of the main trends observed during this survey was that CPUE was generally higher upstream of the 

Rolfe Canal where it ranged between 1.8 (Transect 22) and 572.9 (Transect 14) individuals per hour of 

search effort. Downstream of the York Dam Bypass, CPUE ranged from 3.8 (Transect 9) to 111.8 (Transect 

10).  Species richness was generally lower throughout the upstream impoundment. Species richness was 

highest at Transect 10 (four species) and Transect 19 (three species).  

Based on observations during this survey, it is possible that habitat conditions within the York Dam bypass 

reach from the York Dam downstream to the confluence of the bypass reach and the Rolfe Canal tailwater 

channel replicate natural riverine conditions preferred by A. varicosa and its host fish8. Ideal conditions 

for A. varicosa are generally found in low to moderate flows with coarser substrates, but they can be 

observed in flow refuges in fast flowing streams (Nedeau 2008). The population of A. varicosa observed 

at Transect 10 was robust and healthy with several age classes observed. At Transect 10, the population 

of A. varicosa matched that of E. complanata in numbers, despite its being the dominant species in this 

river system. It is likely that conditions at Transect 10 are more favorable to A. varicosa than any other 

species in this reach. Individuals were also collected downstream at Transect 5 and it is likely that A. 

varicosa occupies this reach. Further surveys may help identify the extent of the A. varicosa population 

within these reaches. 

A. undulata was detected in low numbers at Transect 10 and Transect 19, similarly to P. cataracta.  P. 

cataracta was also observed during this survey in low numbers upstream of Rolfe Canal at Transects 17 

 
8 Host fish species for the brook floater include blacknose dace, longnose dace, golden shiner, pumpkinseed, slimy 
sculpin, yellow perch, and margined madtom. 
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and 19, as well as immediately downstream of the York Dam at Transect 10. These species likely exist in 

low numbers in these reaches. No live L. radiata were collected during this survey.  Assemblages of E. 

complanata appeared healthy and prolific throughout the survey areas. 

Project operations may potentially impact mussel populations that inhabit the shallow water (one to five 

foot) margins of the Contoocook River, including the state endangered brook floater.  However, with the 

healthy mussel community of A. varicosa, observed within the York Dam bypass reach, these populations 

appear to have established themselves in a suitable habitat scenario.  Deviations from the current 

operation of these facilities could have a potential impact on these populations.  

24. Variances from Approved Study Plan 
In the RSP, Normandeau proposed to survey a total of 22 sites along the Contoocook River. During the 

field survey effort, suitable habitat along the margins was not present at three locations. This led to the 

removal of Transect 3 from the PUF to PLF reach, Transect 6 and Transect 8 from the Rolfe Canal reach 

because of the steep shorelines and lack of evidence that suggests that mussels would be adversely 

effected in these reaches.  Several sites were relocated due to access issues as well as the lack of suitable 

habitat while other site locations were adjusted due to the presence of dense assemblages of the state 

listed A. varicosa.  
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26. Appendices 

Appendix A. NHFGD Scientific Collectors Permit  
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Appendix B. Survey Plan. 
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Appendix C. Data Sheets 
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Appendix D. Project Photographs 
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Appendix E. Resume 
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Attachment 1. Tables 
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Attachment 2. Figures 
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