
White Paper 
New England Hydropower Company, LLC  

Analysis of the Effects of the Archimedes Screw Turbine on 
Downstream Passage of Anadromous Fish and American Eels 

 
EXECUTIVE SUMMARY 
 
Hydroelectric generation facilities can impose negative effects on anadromous fish and 
eels that include physical obstructions (dams, weirs) of migratory pathways and altered 
water quality.  Conventional hydroelectric turbines can injure or kill fish passing through 
the turbines downstream.  
 
Use of the Archimedes Screw in the United States to trap or move fish upstream has been 
generally accepted as a safe and effective technology by federal agencies, researchers, 
conservation managers, and commercial endeavors such as hatcheries and aquaculture 
facilities.  However, the use of the Archimedes Screw Turbine, which extensive U.K. and 
European studies and commercial deployments have determined to safely and effectively 
pass fish downstream, has not been adopted in the United States. 
 
The U.K. and European experience with using the Archimedes Screw Turbine for 
downstream fish passage has been a significant decrease in injury and mortality to all 
species of fish and eels studied, including species prized in the United States, such as the 
Atlantic Salmon.  The survival rate documented by the studies compiled here is 98.3% – 
99% for all species and all life stages. 
 
There are, at present, no Archimedes Screw Turbine generation facilities operations in the 
United States in run of river applications.  There is no U.S.-based operational record or 
body of research demonstrating the safety and efficacy of the Archimedes Screw Turbine 
for downstream fish passage. 
 
This White Paper has compiled many of the extensive field trials, research programs, 
predictive modeling, and commercial experience documented in the U.K. and Europe.    
It summarizes this extensive body of work and compares the U.K. and European 
experience and operational conditions to similar conditions in the Northeastern United 
States, with special emphasis placed on conditions at the proposed Natick Pond Dam 
Hydroelectric Generation Project; Federal Energy Regulatory Commission Number P-
14505-000/001. 
 
The results of this summary and assessment demonstrate that the repeated record of 
success of the Archimedes Screw Turbine in the U.K. and Europe in substantially 
eliminating instances of injury and mortality to fish passing downstream may be 
successfully replicated at the Natick Pond Dam Project with regard to target and indicator 
anadromous fish and catadromous eels. 
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Post-operational monitoring of anadromous fish and American eels at the Natick Pond 
Dam Project would significantly facilitate the goals of expanding low-head, low-impact 
hydropower in the United States without significant injury or mortality to fish passing 
downstream; without negative effects on water quality; and deploying new technology for 
additional study and commercial adoption under actual operational conditions. 
 
INTRODUCTION 
 
The potential effects of hydroelectric generation on anadromous fish, American eels, and 
associated habitats are well known.  The effects roughly break out into two categories: the 
effects of physical structures and the effects of the turbines used to generate electricity. 
 
The physical structures used to re-direct and impound water; weirs, dams, bypass 
channels, training walls; can block the continuous flow of rivers.  Structures can 
physically obstruct fish attempting to move up and down the river, blocking migration 
pathways.  Structures that result in the massing of fish attempting to pass the obstruction 
can fatigue the fish and may be disorienting.  The massing of fish can attract new predator 
species and alter predation patterns.  Physical obstructions affect river flows and velocities 
and can alter water volume, temperature, depth, and capacity to carry dissolved oxygen as 
the result of sediment loading.1   
 
Conventional hydroelectric turbines can injure or kill fish passing through the turbines.  
The effects of turbine strike, de-scaling, severe pressure changes, and cavitation are well 
known.  These negative impacts stand out more prominently with the use of traditional 
high-speed turbines, such as a Kaplan or a Pelton, which increase the incoming flow of 
water to very high velocities before passing it through a high-speed rotor. 
 
However, new approaches to the design of hydroelectric generation facilities have been 
developed throughout much of the world.  The Archimedes Screw Turbine (AST) proposed 
for the Natick Pond Dam Hydroelectric Generation Project; FERC Number P-14505-001; 
has, in particular, emerged as the methodology of choice for safe and effective 
downstream passage where hydropower meets the migration pathways of anadromous fish 
and catadromous eels.2 

                                            
1 See NOAA Habitats and Conservation at: http://www.habitat.noaa.gov/protection/hydro/index.html 
 
2 In 2004, Mann Power Consulting Ltd, an English environmental hydropower consulting firm, brought the 
AST to the United Kingdom for commercial testing, in conjunction with the Environment Agency of the 
United Kingdom (Environment Agency), the U.K. equivalent of U.S. EPA and NOAA/NMFS.  The AST had 
been used in the Netherlands and Germany before 2004 for downstream fish passage, but was a new 
introduction to the U.K., which prizes its sport fishing stocks: 
 

On the basis of previous studies carried out in Europe that supported the claims to fish-friendliness, 
the Environment Agency permitted the first U.K. Screw installation (on the River Dart at Ashburton 
in Devon) to run unscreened for a year whilst monitoring was taking place. During that time, marine 
biologist Pete Kibel of Fishtek Ltd - in consultation with the Environment Agency and members of 
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The AST has been successfully tested on dozens of species of migratory and resident fish, 
including outstanding sport fishing species (wild, hatchery, and farmed) such as sea trout, 
Atlantic and Chinook salmon; coarse fish such as pike, pickerel, bass, and perch; resident 
species such as bullhead, carp, gudgeon, and bream; and eels and lampreys.  The high 
efficiency, low-maintenance, and durability of the AST, coupled with its safety for use as 
downstream fish passage, has made the AST the commercially preferred technology for 
use at existing, non-powered, low-head dams in the United Kingdom, much of Europe, 
Canada, South Africa, and Australia, as further described infra. 
 
BACKGROUND AND ORGANIZATION 
 
Project Description - Natick Pond Dam - FERC Number P-14505-000/001 
 
On March 12, 2013, JAL Hydro, LLC (JAL) filed an application with the Federal Energy 
Regulatory Commission for a preliminary permit to study the feasibility of the Natick Pond 
Dam Hydroelectric Project (Project or Natick Pond Project), to be located on the Pawtuxet 
River Mainstem, in the City of Warwick and the Town of West Warwick, Kent County, 
Rhode Island.  
 

The Project would consist of: (1) an existing 22.5-foot-high, 265-foot-long earth 
embankment dam with a 166-foot-long granite masonry block spillway; (2) the existing 
26.9-acre Natick Pond; (3) a new 130-foot-long, 20-foot-wide, 6-foot-deep concrete 
intake channel; (4) a new 10-foot-high, 20-foot-wide sluice gate equipped with a new 10-
foot-high, 20-foot-wide trashrack with 6-inch bar spacing; (5) two new 52-footlong, 9.75-
foot-diameter ASTs each rated at 162 kilowatts (kW) for a total installed capacity of 324 
kW; (6) a new 10-foot-high, 27-foot-long, 42-foot-wide concrete powerhouse containing a 
new gearbox and electrical controls; (7) a new above ground 145-foot-long, transmission 

                                                                                                                                             
the Fish Pass Panel - commenced comprehensive live fish trials at the site, with extremely positive 
results. 
 
Thousands of fish passages were monitored and recorded using underwater cameras at the intake, 
inside the chamber of the Screw itself and at the outflow to assess the effect of the Screw on 
salmonids at all life stages, brown trout and eels. The trials looked at fish passage across a broad 
spectrum of sizes and turbine speeds, possibly the most impressive of which was the safe passage of 
a kelt measuring 98cm in length and weighing 7.6kg.  
 
The studies supported the conclusion that the AST is indeed fish-friendly, with de minimis or no 
adverse physical effects on fully grown fish or kelts; at most 1.4% of smolts sustaining limited and 
recoverable scale loss (NB 'at most' because these were wild fish and quite likely to have sustained 
some scale damage prior to entry into the turbine) and just 1 out of 160 eels (0.64%) suffered minor 
and recoverable pinching to the tail. In addition, behavioral and migrational patterns across the 
species were demonstrated to be unaffected, including no discernible changes to predation patterns 
or predator species. 
See: http://www.mannpower-hydro.co.uk/benefits.php 
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line connecting the powerhouse to National Grid’s distribution system; and (8) 
appurtenant facilities. The estimated annual generation of the Project would be about 
1,688 MWh.3  
 
On September 30, 2013, JAL filed an Initial Consultation Document (ICD) with the Federal 
Energy Regulatory Commission, and distributed it with an accompanying Notice of the 
Joint Agency Public Meeting and Site visit scheduled and presented on November 7, 
2013. 
 
This White Paper provides an analysis of the effects of the AST on downstream fish 
passage, as presented in a series of field studies, modeling efforts, and data analysis 
programs conducted in the United Kingdom.  It has been prepared in accordance with 18 
CFR § 4.38, as part of the Project’s consultation activities with federal and state natural 
resource agencies.  It is being filed with the Federal Energy Regulatory Commission and 
will be distributed to the U.S. Fish and Wildlife Service (the Service), the National 
Oceanic and Atmospheric Administration/National Marine Fisheries Service (NMFS), the 
Rhode Island Department of Environmental Management (RIDEM), and the Pawtuxet River 
Authority and Watershed Council. 
 
This White Paper is organized as follows: 
 

I. Use of the Archimedes Screw for Upstream Fish Passage     
II. Summary of Studies and Test Results for Downstream Fish Passage Safety and 

Efficacy 
III. Test Methodologies: Applicability of U.K. Results to the Natick Pond Project 
IV. Use of the Archimedes Screw Turbine to Support Water Quality and Federal 

Agency Goals and Objectives 
V.      References  

 
I. Use of the Archimedes Screw for Upstream Fish Passage  
 
As a prefatory note, a description of the design and basic operations of conventional 
hydropower turbines is included here at Appendix 1: Traditional Hydropower Turbines.  
 
The Archimedes Screw has been used for centuries to move water upstream.  The Service 
and NMFS (with the exception of a limited number of test sites and research facilities) do 
not authorize or prohibit the use of the Archimedes Screw as a rotary screw fish trap, fish 
pump or fish lift.  This is because most of the uses to which the Archimedes Screw is put 
by researchers, conservation managers, academia, and commercial enterprises do not 

                                            
3 Federal Energy Regulatory Commission, Final Preliminary Permit Order; Docket No. P-14505-000; (May 
21, 2013), as amended.  As set forth in the September 30, 2013 Initial Consultation Document, the two ASTs 
are rated at 3 with an average annual generation estimated to be 1,688 MWh.   
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trigger a federal action requiring authorization or environmental review.  The 
jurisdictional requirement for Service oversight and consultation only comes into play 
when a federal authorization (e.g. license or permit) is required to engage in a specific 
activity affecting public resources.  Such is the case with the Natick Pond Project, which 
requires a federal License to operate the proposed hydroelectric generation facility. 
 

Rotary Screw Fish Traps 
 

Archimedes Screws have been widely used as rotary screw fish traps all over the 
world and throughout the United States.   

 
Rotary screw fish traps consist of a cone of perforated stainless steel panels that 
houses an internal Archimedes Screw. Water striking the angled surface of the 
internal screw rotates the cone and screw assembly. As the assembly rotates, fish 
are trapped within the chambers formed by the rotary screw and moved rearward 
into the live box at the back of the trap. The live box is constructed such that areas 
of very low water velocity are provided as resting areas for fish held in the box 
(Chase, et al, 2005).  See Appendix 2: Northeast Salmon Team Fact Sheet – Rotary 
Screw Traps. 
  
Rotary screw fish traps are the customary device used to sample riverine fish 
traveling with the downstream current regardless of size and species (Chaput & 
Jones, 2004). These traps have proven safe for capture and sampling over years of 
use.  The rotary screw component of these traps is virtually identical to the rotary 
screw component of an AST used to generate electricity.  

 
Archimedes Screw Pumps and Lifts 

 
One of the most prominent and comprehensive studies involving upstream passage 
through an Archimedes Screw is the Red Bluff Pumping Plant Program (Red Bluff). 
Red Bluff was a multiyear investigation conducted by the Service (Red Bluff Fish 
and Wildlife Office) and the U.S. Bureau of Reclamation (Red Bluff Field Office, 
Red Bluff, California; Technical Service Center, Denver, Colorado) on the 
Sacramento River, California, from 1997 through 2001.  The overall study objective 
(set forth in thirteen volumes of data) was determining the injury, mortality, and 
entrainment rate of fish (included wild, farmed, and ESA-Listed species at varying 
life stages) passing into or through Archimedes Screw pumps and lifts.4 Chinook 
salmon were passed through two large Archimedes lifts at the U.S. Bureau of 

                                            
4  The Red Bluff Program had a series of objectives nested within the primary objective and generated a 
significant body of data.  Information about these secondary objectives and the data and conclusions 
achieved as a result of this effort may be found at: 
 
http://www.usbr.gov/pmts/tech_services/tracy_research/redbluff/ 
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Reclamation’s experimental pumping plant and collected at the outflow end to 
determine if damage or injury had occurred.  
 
Over the course of 27 trials, the survival rate of was 98.3-99.0% (McNabb, et al, 
2000). Fish were examined after trapping, held in holding tanks, and examined 
after passing through the Archimedes Screw pumps. Introduced salmon as well as 
other fish present in the river were also examined for entrainment injuries. These 
examinations showed a very low incidence of potentially debilitating injuries 
among surviving individuals. (McNabb, et al, 2000). Results from these tests 
support the use of Archimedes Screw pumps and lifts as safe and effective.  As a 
result of these trials, this technology is being considered for use at other water 
diversion sites in California to protect fisheries resources (McNabb, et al, 2000). 
 
In the periodical Hatchery International, the Archimedes Screw pump is showcased 
as an ideal, safe, and effective way to move fish around hatchery grounds and from 
tanks to trucks (Race, 2006). These fish elevators, as they are commonly called, are 
not ideal for tight spaces indoors as they are rigid, but their slow rotation ensures 
fish safety and places less stress on the fish being transported. As far back as 2001, 
this periodical highlighted the safety and effectiveness of Archimedes Screw pumps 
as a reliable method of elevating fish to a higher tank or a live transport truck 
(Wilton & Gorrie, 2001). 
 

The reason for calling out the general use and acceptance of the Archimedes Screw for 
upstream applications is as follows.5 NEHC has been unable to find published research or 
field trials concluding that the demonstrated safety for fish passage through the 
Archimedes Screw in one direction (upstream) differs in any material respect from the use 
of the Archimedes Screw in another direction (downstream).6  NEHC did not find any 
research7 indicating that reversing the upstream orientation of the Archimedes Screw 
(when used as a rotary screw trap, fish pump, or fish lift) to a downstream orientation (for 
use as a component of a small hydropower facility) would create new or different hazards 
to fish passage. 

                                            
5 The due diligence performed by the New England Hydropower Company (NEHC) (authorized agent for 
JAL) failed to discover why fish passage safety upstream through the Archimedes Screw is almost universally 
accepted, while fish passage safety downstream through the same piece of equipment is considered an 
unknown.  
 
6 The primary operational component distinguishing the effect of the Archimedes Screw when used 
downstream is the attraction flow created by the turbine.  This component, which may actually provide a 
benefit to upstream fish passage (Cundall Johnston and Partners, 2013). 
 
7 NEHC personnel raised the question of existing research or known studies to Service and NMFs personnel, 
who could not identify any research on this topic (personal communication with USFWS and NOAA/NMFS 
staff scientists attending the November 7, 2013 site visit; confirming e-mail communication to USFWS and 
NOAA/NMFS staff scientists). 
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Therefore, the broad acceptance and use of the Archimedes Screw as a safe and effective 
technology for upstream passage by government agencies, research facilities, academia, 
commercial hatcheries, aquaculture facilities, and conservation managers should be 
actively considered when reviewing AST safety for downstream passage.8 
 
II. Summary of Studies and Test Results for Downstream Fish Passage Safety and 

Efficacy 
 
The AST has been used successfully throughout the United Kingdom and Europe, South 
Africa9, and Canada10 as a fish friendly, hydropower technology for over a decade.  During 
that time, numerous international studies and demonstrations have been performed which 
have resulted in the evolution of improved designs, enhancing a safe and simple 
technology.  

 
It is well documented that pressure changes, rapid rotation, sharp edged blades, and 
strikes from rotating components of conventional hydropower turbines can cause injuries 
and mortality to fish passing through the turbines.  Most of these concerns are not 
applicable to the AST, which is designed in a fundamentally different manner than 
traditional hydropower turbines; see Appendix 3: Comparison of Hydropower Turbines.  

 
The remaining concerns, such as pinch points and blade strikes that present risks to larger 
fish and eels, have been identified through the studies described herein and have been 
significantly minimized or eliminated through design improvements. 

 
Pressure changes within conventional hydropower turbines, such as are experienced with 
Kaplan or Pelton turbines, create a highly efficient flow, but can significantly increase fish 

                                            
8 The Service as an independent agency, as well as the U.S. Department of the Interior generally, NMFS, 
Natural Resources Conservation Service, many northeastern states including Maine, Massachusetts, Rhode 
Island, and Connecticut, and conservation stewards including the Charles River Watershed Association and 
the Pawtuxet River Watershed Authority and Stream Council, subscribe to and use a smaller version of the 
AST proposed for the Project as a rotary screw fish trap, fish lifter, and fish pump.   The Service and NMFS 
have routinely used the AST as a fish trap for all life stages of Endangered Species Act-Listed Species. See:  
nefsc.noaa.gov/salmon/factsheets/rst_factsheet.pdf .  See also: NOAA/NMFS Technical Memorandum (March 
2005) Summary of Monitoring Activities for ESA-Listed Salmonids in California’s Central Valley. 
 
9 See, for example, Lashofer A., Senior Scientist, Vienna – Austria, University of Natural Resources and 
Applied Life Sciences; Clean Power Africa (May 2013 conference presentation): Archimedes Screw Turbine 
– An Ultra-Low-Head Technology Ideal for Rural Use; http://www.clean-power-africa.com 
 
10 See, for example, Kerrwood Leidal; Technical Memorandum (July 17, 2012): Maple Creek Drainage Pump 
Station; Appendix I Pump Station Preliminary Design Report; pages 5, 9.  
https://www.google.com/#q=kerr+wood+leidal+pump+station+maple+creek 
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mortality.  The AST is slightly less efficient than these impulse turbines, but its open design 
ensures no pressure alteration and thus, low fish mortality. See Appendix 3.  
 
As described above, the rapid rotational speeds used in the operation of Kaplan and 
Pelton turbines, the function of which requires significantly increasing the velocity of the 
incoming flow before passing through a high-speed rotor, are frequent causes of injury 
and mortality to passing fish.  The AST rotates at a variable speed between 20 - 40 
rotations per minute (rpm), the range within which the ASTs proposed for the Natick Pond 
Project will operate.  The studies presented here have demonstrated this range to be a safe 
threshold for fish survival. Fish are safely swept into the pockets of water created by the 
turbine and passively rotate down as the Screw turns.  
	  	  
Sharp edged blades, which were used in earlier designs of the AST, presented a concern. 
The blades, even at the slow rotational speeds used by the AST, proved capable of low 
percentages of descaling, injury, and mortality.  Subsequent design changes, as confirmed 
by studies conducted in the U.K., have demonstrated that adding rubber bumpers to the 
leading edges of the Screw have substantially eliminated this problem.  Protective edges 
have now become an industry standard.  
 
The use of the AST has significantly minimized and mitigated the risk of injury and 
mortality from pressure changes, rapid rotational speeds, sharp edged blades, and rotating 
equipment strikes presented to fish passing downstream.   Use of the AST at low-head 
dams has been endorsed as a Good Practice Guideline by the Environment Agency.11 
 
The following studies and demonstrations have been performed or reported upon in the 
U.K. and will be further discussed herein:12 
 
1. Fish Monitoring and Live Fish Trials. Archimedes Screw Turbine, River Dart Phase 1 

Report: Live fish trials, smolts, leading edge assessment, disorientation study, outflow 
monitoring 
 

2. Archimedes Screw Turbine Fisheries Assessment. Phase II: Eels and Kelts 
 

3. Settle-Bridgend Mill Fisheries Assessment 
 

                                            
11 Good Practice Guidelines to the Environment Agency Hydropower Handbook; The Environmental 
Assessment of Proposed Low-Head Hydropower Developments (August 2009) at page 40. 
https://www.google.com/#q=UK+environment+agency+good+practice+guidelines+hydropower 
 
12 The studies summarized in this section are being provided in full, in electronic format.  While NEHC 
acknowledges that these studies have not undergone formal peer review, they have been planned, prepared, 
implemented, and interpreted in collaboration with the Environment Agency of the United Kingdom and 
The Game and Wildlife Conservation Trust of the U.K. 
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4. The Archimedes Screw Turbine - Assessment of Three Leading Edge Profiles. 8mm 
Steel Edge. Hard Rubber. Compressible Bumper 
 

5. Howsham Fish Monitoring - Assessment of Fish Passage Through the Archimedes 
Turbine and Associated By-Wash 
 

6. Salmon Research Report, 2011 
 

1. Fish Monitoring and Live Fish Trials. Archimedes Screw Turbine, River Dart 
Phase 1 Report: Live fish trials, smolts, leading edge assessment, disorientation 
study, outflow monitoring 
 

2. Archimedes Screw Turbine Fisheries Assessment. Phase II: Eels and Kelts 
 

These two studies, conducted by Fishtek Consulting between 2007 and 2008, 
were performed on the first installation of an AST in the UK. The studies were 
developed in association with the Environment Agency and demonstrated safe 
fish and eel passage for almost all species passed.  Fish included brown and 
rainbow trout between 8 and 63 cm introduced at the top of the AST and 
captured after passing through the AST at rotational speeds of up to 31rpms 
(Fishtek, 2007).  Fish introduced as part of the study were photographed prior to 
being introduced to the AST to document existing conditions and then again 
after passing downstream in order to assess any damage (Fishtek, 2007). They 
were also allowed to rest and were retained for monitored in large tanks for 48 
hours after passage. 

 
Underwater cameras captured not only the introduced fish but also freely 
swimming smolts as they emerged at the base of the AST, which were trapped 
in a tapered net leading to an outflow box. All fish were removed from the 
outflow box and evaluated for damage such as scale loss or mortality. No 
mortality occurred in either the wild smolts or introduced salmonids.  Fewer 
than 1.4% of all fish were found to have sustained scale loss or any other 
damage, and what there was appeared to be caused strictly by net capture 
(Fishtek, 2007). 
 
No fish were observed as disoriented at the exit and downstream migration did 
not appear affected (Fishtek, 2007). 
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In the second phase of testing, occurring in 2008, Fishtek focused on the 
evaluation of eel passage through the AST. Eels were introduced and captured 
in the same way as the salmonids in the previous study, with a finding of 0.64% 
recoverable injury present in those passing through the AST (Fishtek, 2008). No 
eels showed symptoms of disorientation upon exiting the AST. Eels were 
allowed to rest after passage and were observed in holding tanks for seven days 
before being released back into the river (Fishtek, 2008). 

 
3. Settle-Bridgend Mill Fisheries Assessment, August 2008 

 
This study was performed to evaluate entrainment and attraction flow questions 
on one of England’s improving salmon rivers, the Ribble.  The river has 
benefitted from conservation efforts that include juvenile stocking, mitigation to 
remove barriers to migration, and a sport fishing limit.  The river supports 
salmonids at all life stages, including the U.S. Endangered Species Act-Listed 
Atlantic Salmon (Salmo salar). 
 
This historical and statistical assessment determined that it was likely during 
high flow periods and without modification, smolts and kelts migrating 
downstream would be entrained, entering the intake and passing through the 
AST.  The addition of a wall separating the incoming flow and removing 
boulders that decreased depth was determined to substantially reduce the 
likelihood of entrainment. 
 
This study also determined that the creation of a congruent fish pass and turbine 
outflow13 provided simple access for fish to safely enter the pass. 

                                            
13 See also Cundall Johnston and Partners, LLP; Hexham Community Partnership, Hexham Hydro Project 
Final Design Report and Environmental Assessment (May 2013).  This report, at pages 35 – 42, finds that the 
use of a well-positioned AST can also provide benefits to upstream migrants: 
 

It is considered that a well designed Archimedes Screw and fish pass co-located together will be of a 
greater net benefit for upstream migration than the proposed fish pass on its own. It is well 
documented that flow is a trigger to upstream migration in migratory salmonids and increased river 
discharge acts as a stimulus in migratory salmonids to upstream migration and an increase in 
freshwater river discharge may act as an environmental trigger for the movement of salmon into the 
freshwater environment and subsequent upstream migration (Alabaster, 1970; Potter, 1988; 
Laughton, 1991; Jensen et. al., 1986).  This relationship between river discharge and upstream 
salmon migration is primarily related to an increase in relative (rather than absolute) discharge 
(Alabaster, 1970). 
 
It should be noted that the physico – chemical triggers to migration from river flow include the 
volume of water, but also the nature of that flow.  A large flow that has a very low velocity 
potentially represents a poor attraction flow to upstream migrating fish as water velocity is an 
important component of attraction flow.   
 



 11 

Finally, the study determined, based on the AST flow, size of the AST, and life 
stages of the species studied, that entrained fish could safely pass downstream. 

 
4. The Archimedes Screw Turbine - Assessment of Three Leading Edge Profiles; 

8mm Steel Edge; Hard Rubber. Compressible Bumper 
 

This study was performed with live fish trials as well as a simulated Archimedes 
Screw using dead fish in order to study in detail the leading edge impacts.  The 
live fish trials indicated larger fish would suffer damage in ASTs not protected 
by a compressible rubber bumper because of the higher probability of being 
struck (Fishtek, 2009). Dead fish were used to evaluate the level of damage that 
could be caused by a leading edge at different speeds.   The study found 
unprotected steel edges caused significant damage to larger fish, which could 
lead to mortality (Fishtek, 2009). 

 
The hard rubber bumper fitted to the steel edge caused bruising to larger fish, 
but was still an improvement over the unprotected steel edge. The compressible 
bumper was found to cause no damage to fish and has become an industry 
standard. 
 
The study recommended either screening to constrain large fish and eels from 
entering the AST at the intake point or installing compressible rubber bumpers 
on the leading edge to offer adequate protection to larger fish and eels (Fishtek, 
2009). 
 

5. Howsham Fish Monitoring - Assessment of Fish Passage Through the 
Archimedes Turbine and Associated By-Wash 
 
This study was conducted to determine whether fish would use the AST for 
downstream passage or whether they would prefer an adjacent by-wash. 
Numerous fish species were collected from below the dam and reintroduced at 
the head of the AST and by-wash area. They were allowed to follow one of the 

                                                                                                                                             
However, the advantage of an Archimedes Screw and fish pass positioned side by side is that the 
total flow from the two combined is significantly higher than the fish pass on its own.  As a result, 
the attraction flow for fish moving upstream will be significantly higher from a Screw and dish pass 
system. 

 
This Report mirrors in most significant respects, a traditional Environmental Assessment prepared in 
accordance with the National Environmental Policy Act of 1969, making it a useful introduction to the 
environmental review process prescribed by the Environment Agency of the U.K. 
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two paths downstream. Statistically speaking, the fish did not prefer one 
downstream passage to the other. The study found fish passing through did so 
in, “direct proportion to the split and flow” (Fishtek, 2009).  
The study stated, “the findings question the need for a by-wash channel at the 
sites where an Archimedean Screw Turbine is installed…” and found no benefit 
to the construction of an additional by-wash where an AST was present (Fishtek, 
2009). 
 

6.   Salmon Research Report, 2011 
 

This report is one of a planned series intended to establish and develop a long-
term study of migratory salmon on rivers with and without ASTs.  The use of 
passive integrated transponder (PIT) tagging has allowed individual salmon to 
be tracked as they migrate from river to sea and back again.  One river with an 
AST installed is currently the subject of a long-term study to determine the rate 
of successful passage of tagged smolts downstream using the AST as passage 
(Game and Wildlife Conservation Trust, 2011). 

 
III. Test Methodology: Applicability of U.K. Results to the Natick Pond Dam Project 
 
The test methodologies of the referenced U.K. studies conform to generally accepted 
practices implemented by the Service.  First, the goals and objectives for the studies were 
identified.  Next, specific questions to be addressed within each study were reviewed for 
facultative support of the goals and objectives.  Due diligence was then performed 
concerning existing conditions and their relationship to the riverine habitat and the 
species exploiting that habitat.  Field structures and activities were reviewed by the 
Environment Agency, analyzed and reported along with site-specific conditions and 
assumptions that could affect the applicability of the results (e.g. unusual weir 
configuration, hypoxic sink, invasive species).   
 
The series of studies performed by Fishtek Consulting between 2007 and 2009 apply the 
same methodologies over a series of phased field efforts.  As described above, over 20 
species fish were captured, documented before they were introduced to the AST, collected 
at the base of the dam, and documented again. Any injury or mortality was noted and the 
fish were then collected in a tank for observation and rest before being reintroduced to the 
river or subsequent runs through the AST. Only wild riverine fish were not observed and 
documented prior to entering the AST, but any damage appearing after capture in the 
outflow net was recorded (Fishtek, 2007; Fishtek, 2009). 
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Operational Variations 
 
The Fishtek studies referenced in this White Paper incorporate an expansive range 
of operational variations in dam heights, flow volumes and velocities, potential 
generating capacities, hydraulic capacities (minimum/maximum) of the ASTs, 
existing in-water conditions, and size of the Archimedes Screws installed, sufficient 
to encompass those same components and variations as could be encountered by 
the Project when it becomes operational. 
 
Test Species Equivalence 
 
The first fish trials demonstrating the safe downstream passage of fish through an 
AST were conducted in 2001 by Spah (2001, as cited in Fishtek 2011) Table 1 
below, excerpted from the Fishtek Report, shows the results of survival and injury 
outcomes of 158 fish of various species and different sizes as they emerged from 
the outflow of the AST.  Several of these species, including Atlantic salmon (Salmo 
salar), Brown trout (Salmo trutta), Eel (Angiulla angiulla), Perch (Perca fluviatilis), 
Pike (Esox lucius)identified below) have been incorporated by NEHC as targeted or 
indicator species, consistent with the selection by RIDEM of targeted and indicator 
species in the 2002 Strategic Plan for the Restoration of Anadromous Fishes to 
Rhode Island Coastal Streams. 
 
Table 1: Results of Fish Passed Through Turbine (From Spah, 2001) 

 
 

With regard to applying the results of the Fishtek studies to the Natick Pond Project, 
NEHC’s selection for inclusion in this White Paper of the study results for species 
tested in the U.K. are applicable to the Natick Pond Dam Project.  The analysis of 
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species included as surrogates is consistent with the structure prescribed by the 
Service.14  

 
The selection of the target species and, where the target species was unavailable, 
selection of appropriate surrogate or indicator species, bears some additional 
explanation.   

 
The primary concern articulated by the Service concerning the use of studies 
imported from outside of the Project Site or, for that matter, from outside of the 
United States, lies with the need to compare the same or similar species and 
habitats to the targeted or surrogate species proposed to be addressed by the Natick 
Pond Project.  As further described infra., many of the international studies and 
trials referenced here have studied species (e.g. Salmo salar) that have been 
targeted for special protection status by the Service.  Where this White Paper 
applies the results of these studies to RIDEM-targeted species, or where RIDEM-
selected indicator species differ from the studied species, species equivalence is 
demonstrated in Appendix 3: Test Species Equivalence; prepared in accordance 
with the considerations prescribed in the Draft Guidance and the Proposed Rule.15  

 
IV. Use of the Archimedes Screw Turbine to Support Water Quality and Federal 

Agency Goals and Objectives 
  
 

Dissolved Oxygen 
 

The effect that weirs and dams have on the dissolved oxygen carrying capacity of 
water flowing over them has been investigated in numerous studies.  One such 
study indicates that in sluggish streams, more oxygen may be absorbed by water 
flowing over a dam than in a long reach between dams (Markofsky, 1978).  The 
impact on dissolved oxygen concentrations of diverting water from flowing over 

                                            
14 The species selection process was intended to be consistent with the Service’s DRAFT Guidance 
on Selecting Species for Design of Landscape-Scale Conservation and the September 4, 2013 (Draft 
Guidance) Proposed Rule published by the Service and NMFS concerning the use of surrogate 
species relative to Incidental Take Statements prescribed by the Endangered Species Act of 1973 
(Proposed Rule). 

 
15 NEHC selected studies incorporating appropriate surrogate species by: 

 
1. Developing and specifying study objectives 
2. Identifying the geographic scale 
3. Adopting as species to be considered the same species identified by RIDEM in its 2002 Strategic 

Plan for the Restoration of Anadromous Fishes to Rhode Island Coastal Streams (December 
2002) as targeted or indicator species as surrogates 

4. Adopting RIDEM-determined population objectives 
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low-head dams to ASTs was assessed in the Castleford Mill Hydro Power Proposal; 
River Aire – Fisheries Assessment (Fishtek, 2009) and in the Pershore Hydro Power 
Proposal; River Avon – Fisheries Assessment (Fishtek, 2012). 

 
In these studies, it was found that a slight reduction in dissolved oxygen content is 
likely to occur directly below the dam when water flows through the AST rather 
than flowing over the spillway. However, these studies also determined that, during 
a normal flow regime, this reduction was not likely to have a significant impact 
given that dissolved oxygen concentrations above the falls were above prescribed 
minimum water quality thresholds of ~2-5 mg/L (Fryer & Kibel, 2012).  
 
Table 2 sets forth the results of the 2012 Pershore study model under various flow 
conditions.  The study assumed temperature at 20° C and an upstream dissolved 
oxygen concentration of 5 mg/L.16 

 
Table 2: Hands Off Flow Modeling17 

 

 
 
It is important to note that these results reflect an increase in dissolved oxygen 
content from the 5 mg/L present in the water upstream of the dam.   

 

                                            
16 Table 2 is included for illustrative purposes.  The results presented here are similar to the results of 
the 2009 Castleford Mill Study, included in full electronically. 

 
17 The phrase, “Hands-Off Flow” is the U.K. phrase equivalent to, “minimum base flow” or 
“conservation flow.” 
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NEHC performed dissolved oxygen and air temperature water quality sampling 
during the 2013 low flow period in three discrete locations upstream and 
downstream of the Natick Pond Dam.  Albeit a small sample set, NEHC found the 
dissolved oxygen concentrations upstream and downstream of the Natick Pond 
Dam to be well above RIDEM’s 5 mg/L minimum water quality threshold, as noted 
in Table 2.  These results give NEHC confidence that Project operations will not 
degrade water quality for current or proposed uses and activities.   

 
The Project is located at the Natick Pond Dam on the Main Stem of the Pawtuxet 
River, which is classified as a B1 river segment (Waterbody ID Number 
RI0006017R-03#; RIDEM, 2010).  This particular segment of the river is designated 
as a warm water fishery (RIDEM, 2010). RIDEM’s 2010 Water Quality Regulations 
require dissolved oxygen concentrations to be greater than or equal to 60% 
saturation for the daily average, with a minimum concentration of 5.0 mg/L for an 
instantaneous measurement (RIDEM, 2010).  

 
NEHC began measuring dissolved oxygen concentrations at the Project Site 
between August and October 2013 in order to capture a portion of the data within 
the July – September low flow period.18   A summary of the data is set forth below: 

 

 
 

                                            
18 Water quality sampling at the Natick Pond Dam was implemented in accordance with a Standard 
Operating Procedure (SOP) prepared for the Project by NEHC and approved by RIDEM.  Eight separate 
sampling events occurred at the Project Site.  Dissolved oxygen measurements were taken and documented 
at three separate locations during each sampling event before 10 AM. The data collected exhibited dissolved 
oxygen concentrations greater than the RIDEM standards for Warm Water Fisheries within each individual 
sample.   
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NEHC will resume dissolved oxygen/temperature sampling during the 2014 low 
flow period prior to the commencement of Project operations in order to develop a 
statistically significant pre-operational data set.  Following the commencement of 
Project operations, NEHC will continue water quality testing in accordance with 
the terms and conditions prescribed by RIDEM. 
 
Deployment of New Technology to Mitigate Downstream Passage Impacts 

 
The Commission, in 2004, published its Evaluation of Effectiveness of Mitigation at 
Hydropower Projects: Fish Passage.  The Commission recommended, after 
evaluating the effectives of mitigation actions (e.g. upstream and downstream fish 
passes, structures, monitoring, behavioral alteration strategies) taken at 269 
projects, found that the need to increase overall mitigation effectiveness of fish 
passage required the active use and deployment of new and innovative 
technologies and strategies.   
 
The Commission recommended the following actions: 

 
Obtain additional information on the most effective downstream fish 
passage mitigation measures. Field applications of new technologies, 
including quantitative approaches to measure the success of the 
applications, are especially important. No existing national research 
program is available to develop and test innovative downstream passage 
technologies, so new knowledge must be gained from experience and the 
widespread exchange of information.  
 

The commencement of the Natick Pond Project operations, which incorporate the 
“field applications of new technologies,” is completely consistent with the 
Commission’s recommendations.  Given the significant body of research 
summarized in this White Paper demonstrating that the AST provides safe and 
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effective downstream fish passage, the Natick Pond Project should be able to 
receive its Commission authorization to construct and to commence operations 
without first requiring pre-operational safety studies.   

 
The AST, combined with post-operational monitoring, offers a viable, available 
solution that will facilitate the Commission’s conclusion that new technologies 
must be developed in the field, if new knowledge and a greater range of mitigation 
alternatives is to become available to hydroelectric generation projects in the 
United States. 

 
Conclusions 
 
Use of the Archimedes Screw in the United States to trap or move fish upstream has been 
generally accepted as a safe and effective technology by federal agencies, researchers, 
conservation managers, and commercial endeavors such as hatcheries and aquaculture 
facilities.  
 
Notwithstanding general use and acceptance of the Archimedes Screw design for 
upstream passage, the use of the Archimedes Screw Turbine, which extensive U.K. and 
European studies and commercial deployments have determined to safely and effectively 
pass fish downstream, has not been adopted in the United States. 
 
The studies amassed in the U.K. demonstrate that the survival rate of fish passing 
downstream through the AST, under the same or similar conditions and using the same 
targeted species or appropriate surrogate species as those existing at the Natick Pond 
Project, is 98.3% – 99% for all species and all life stages. 
 
The Fishtek studies referenced incorporate a range of operational variations in dam 
heights, flow volumes and velocities, potential generating capacities, hydraulic capacities 
(minimum/maximum) of the ASTs, existing in-water conditions, and size of the 
Archimedes Screws installed, sufficient to encompass those same components and 
variations as could be encountered by the Project when it becomes operational. 
 
The results of the U.K. studies demonstrate that the repeated record of success of the 
Archimedes Screw Turbine in the U.K. and Europe in substantially eliminating instances of 
injury and mortality to fish passing downstream may be successfully replicated at the 
Natick Pond Dam Project using RIDEM-selected target and indicator species under the 
same or similar operating conditions. 
 
The most effective and productive sampling and field-testing should begin following 
commencement of commercial operations at the Natick Pond Project.  Post-operational 
monitoring of anadromous fish and American eels at the Natick Pond Dam Project would 
significantly facilitate the goals of expanding low-head, low-impact hydropower in the 
United States without significant injury or mortality to fish passing downstream; without 
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negative effects on water quality; and deploying new technology for additional study and 
commercial adoption under actual operational conditions. 
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Appendix 1 
Traditional Hydropower Turbines 

 
Types of Hydropower Turbines 
There are two main types of hydro turbines: impulse and reaction. The type of hydropower turbine selected for a project is 
based on the height of standing water—referred to as "head"—and the flow, or volume of water, at the site. Other deciding 
factors include how deep the turbine must be set, efficiency, and cost. 

Impulse Turbines 
The impulse turbine generally uses the velocity of the water to move the runner and discharges to atmospheric pressure. 
The water stream hits each bucket on the runner. There is no suction on the down side of the turbine, and the water flows 
out the bottom of the turbine housing after hitting the runner. An impulse turbine is generally suitable for high head, low 
flow applications.  The Pelton and the Crossflow illustrated below are very common impulse turbines. 

Pelton: A pelton wheel has one or more free jets discharging water into an aerated space and impinging on the buckets of 
a runner. Draft tubes are not required for impulse turbine since the runner must be located above the maximum tailwater 
to permit operation at atmospheric pressure.  

 
 
Cross-Flow: A cross-flow turbine is drum-shaped and uses an elongated, rectangular-section nozzle directed against 
curved vanes on a cylindrically shaped runner. It resembles a "squirrel cage" blower. The cross-flow turbine allows the 
water to flow through the blades twice. The first pass is when the water flows from the outside of the blades to the inside; 
the second pass is from the inside back out. A guide vane at the entrance to the turbine directs the flow to a limited portion 
of the runner. The cross-flow was developed to accommodate larger water flows and lower heads than the Pelton. 

 

 
 



 
Reaction Turbines 
A reaction turbine develops power from the combined action of pressure and moving water. The runner is placed directly 
in the water stream flowing over the blades rather than striking each individually. Reaction turbines are generally used for 
sites with lower head and higher flows than compared with the impulse turbines.  Illustrated below are some of the more 
popular reaction turbines. 

Propeller: A propeller turbine generally has a runner with three to six blades in which the water contacts all of the blades 
constantly. Picture a boat propeller running in a pipe. Through the pipe, the pressure is constant; if it isn't, the runner 
would be out of balance. The pitch of the blades may be fixed or adjustable. The major components besides the runner are 
a scroll case, wicket gates, and a draft tube. There are several different types of propeller turbines: 

 
 

o Bulb turbine: The turbine and generator are a sealed unit placed directly in the water stream. 

 
 

o Straflo: The generator is attached directly to the perimeter of the turbine. 

 

o Tube turbine: The penstock bends just before or after the runner, allowing a straight line connection to 
the generator. 

 
 



 
o Kaplan: Both the blades and the wicket gates are adjustable, allowing for a wider range of operation.  

 
o Francis: A Francis turbine has a runner with fixed buckets (vanes), usually nine or more. Water is 

introduced just above the runner and all around it and then falls through, causing it to spin. Besides the 
runner, the other major components are the scroll case, wicket gates, and draft tube. 

 

[Courtesy of the U.S. Department of Energy - Energy Efficiency and Renewable Energy Water Power Program] 
 



A tlantic salmon have a complex life history, 
spending 1-3 years in freshwater and then un-
dertaking a strenuous migration into the ma-

rine environment.  There, they spend an additional 
1-3 years at sea before returning to their natal rivers 
to spawn.  Although Atlantic salmon face many chal-
lenges during their freshwater phase (both natural 
and human-caused), their migration to the marine 
environment is even more arduous. 
 
 
 

 
 

 
Telemetry data suggest that although the majority of 
smolts successfully migrate through the freshwater 
environments of Maine's coastal river systems, less 
than half successfully enter the Gulf of Maine. 

 
 

Rotary screw traps (RSTs) enable NEST to live-
capture smolts emigrating from several of Maine’s 
coastal rivers, including the Narraguagus, Penob-
scot, Pleasant and Sheepscot Rivers.  NEST uses 
RSTs to estimate smolt populations, enumerate and 
sample smolts (and other co-occurring species), to 
better understand factors that limit smolt produc-
tion and migration success.  RSTs are also platforms 
for the telemetry studies that provide valuable data 
on smolt behavior and migratory success.   
 
RSTs are positioned in the water channels to maxi-
mize fish capture.  Fish enter the trap through the 
large end of a revolving and half-submerged screen 
cone suspended between two pontoons.  As the river 
current turns the cone, the fish are guided down-
stream into a live car, where they are held in river 
water until retrieved for sampling.  Traps are tended 
daily, so fish spend as little time as possible in the 
live car. As smolts tend to move downstream at 
night, they often confined for less than 12 hours.   

RSTs require adequate water depth and current to 
rotate the cone for most effective “fishing.”  Al-
though RSTs can be used in high flow conditions, 
they sometimes become jammed with debris.  River 
conditions are monitored closely to prevent fish in-
jury.  RSTs are equipped with a hubodometer that 
records the number of revolutions of the cone, al-
lowing for an estimation of catch per unit of effort.   
 

 The parr-to-smolt transformation (smoltification) results in river 
adaptations giving way to seawater readiness. 

 Not to scale 

Stomach contents of this 
striped bass included a smolt 

Double-crested cormorants feeding 

Northeast Salmon Team (NEST) Fact Sheet Collection 

Rotary Screw Trap Operations 

1 -of -4 

Smolts undergo dramatic physiological changes 
before they are able to transition from freshwater 
to the saline marine environment.  During this 
transition period, smolts encounter unfamiliar 
environmental conditions and a new complex of 
predators including seals, and piscivorous (fish-
eating) waterbirds and fish.   

Given their design, the main utility of the RSTs is 
as a sampling platform.  Coupled with telemetry, 
NEST can paint a picture of emigrating smolt dy-
namics.                  
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General Sampling: All smolts captured in 
the RSTs are counted and the following infor-
mation recorded: 
 
- length (mm) 
- weight (g) 
- fin condition/deformities 
- degree of smoltification based on external characteristics 
- marks (e.g. fin clips)  
- tags (e.g. VIE and PIT tags) 
- injuries (e.g. from dam turbines or predators) 
 
Priority for further biological sampling varies by 
river site, but is sometimes given to smolts with 
certain marks and/or tags, as well as those pre-
sumed to be of naturally reared origin. 
 
Scale samples: taken for age and origin 
(hatchery or naturally reared) determination. 
 
Gill and blood plasma samples: collected 
to assess the degree of smoltification and a 
smolt’s physiological condition. 
 
Fin tissue samples: taken for use in genetic 
determination of parentage, as well as relating 
captured smolts to fry stocking data and tissue 
data collected from pre-spawn adults at state 
weirs/fish traps. 
 
Non-target species: All non-target species 
(resident and sea-run) are identified and 
counted, and biological samples are taken from 
some as part of NEST’s disease survey of North-
east and North Atlantic fishes.  Species that oc-
cupy the same space as Atlantic salmon in rivers 
provide a unique ecological dataset that im-
proves our understanding of river health and 
productivity, as well as predator-prey dynamics 
and diadromous connectivity (the structure of 
co-evolved sea-run fish communities).  
 

Two NEST technicians tend a RST on the Sheepscot River.  This 
includes netting out and sampling captured fish, cleaning out 

any debris, and checking the hubodometer. 

 
Trent Liebich obtains blood (above) and gill (below) samples 

from this smolt to assess its physiological condition. 

Left, Graham Goulette measures the length of a captured smolt 
and John Kocik records a smolt’s weight (right). 



RST operations have been conducted on Eastern 
Maine’s Narraguagus River since 1996, providing 
NEST researchers with the largest RST dataset to 
date.  A multi-site mark recapture study (ongoing 
since 1997) allows NEST researchers to not only es-
timate the annual population of outmigrating 
smolts, but also gain a better understanding of over-
winter survival using juvenile population estimates 
from the Maine Atlantic Salmon Commission’s elec-
trofishing surveys conducted the previous fall.   
 
The Narraguagus River RSTs were also used as a 
platform to collect naturally reared smolts for vari-
ous ultrasonic telemetry studies.  Results from these 
telemetry studies were used to assess smolt survi-
vorship and behavior (1997-1999 and 2002-2005).  
A cormorant exclusion study, coupled with the 
2004-2005 telemetry study, assessed the non-lethal 
exclusion of cormorants from the smolt migratory 
corridor during peak migration. 

 
 
 
 
 
 

NEST fished RSTs on Eastern Maine’s Pleasant 
River from 1999-2004.  The Pleasant River RST was 
used to collect naturally reared (i.e. wild-spawned 
and fry stocked) and hatchery reared smolts with 
several goals in mind, including enumeration and 
the collection of biological samples.   
 
Additionally, from 2001-2003, naturally reared sus-
pects were collected to create a broodstock for 
hatchery production of Pleasant River fish.  Finally, 
in 2004, the Pleasant River RST was used to collect 
naturally and hatchery reared fish to tag as part of 
an ultrasonic telemetry study.  
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Map depicting RST locations on the Sheepscot, Pe-
nobscot, Narraguagus and Pleasant Rivers. 

 
 
 
 
 
 
 

Narraguagus River 

Pleasant River  

RSTs on the Narraguagus and Pleas-
ant River have been used to catch fish for use in telemetry stud-
ies. Ultrasonic transmitters, or "pingers," (above left) are surgi-
cally transplanted into collected fish which are then released. 
Fixed-site automated fish identification receivers (VR2) arrays 
detect passing fish with pingers. 



 
 

Although sampling and conducting population esti-
mates in a river of this size is challenging, NEST an-
ticipates that the information gleaned from the 
mark-recapture study will be useful in refining 
smolt stocking strategies (e.g. timing and location) 
to maximize the number of returning hatchery 
reared adults.  
 
 

 
 
 

 
 
 
 
 

Additionally, NEST is in the very early stages of 
investigating diadromous connectivity on the 
Sheepscot by coupling hydroacoustic technology 
with trapping activities.  At historic abundance lev-
els, Maine’s native complex of sea-run species likely 
provided a prey buffer against Atlantic salmon 
predators, as well as a source of marine-derived nu-
trients and food for various life stages. Although 
some anadromous species (migrate from sea to 
spawn in freshwater) are captured, RSTs are not de-
signed to target fish traveling upstream.  The use of 
hydroacoustics to assess the composition of the sea-
run community present during the smolt emigration 
period will help bolster our understanding of eco-
system-level processes and how  interactions be-
tween diadromous species might affect salmon re-
covery. 
 

The NOAA's National Marine Fisheries Service (NMFS) Northeast Salmon Team (NEST) is comprised of managers from 
the Northeast Regional Office (NER) and scientists from the Northeast Fisheries Science Center (NEC).  The NER adminis-
ters NOAA's programs in the Northeastern United States to manage living marine resources for optimum use.  The NEC is 
the research arm of NOAA Fisheries in the region and plans, develops, and manages a multidisciplinary program of basic 
and applied research.  More Atlantic salmon information is available at www.XXXXXXXXXXXXX.  
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Looking upstream at the Veazie Dam from one of NEST’s RSTs on 
the Penobscot River.  RSTs enable NEST researchers to collect 
smolts traveling downstream that pass through such facilities. 
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The anadromous American shad . 

When initiated in 2001, the original focus of 
RST operations on Mid-coast Maine’s Sheepscot 
River was enumerating smolts and obtaining 
biological samples. NEST researchers have since 
expanded the focus to include an evaluation of 
Craig Brook National Fish Hatchery’s conserva-
tion stocking program.   

From 2000-2005, NEST operated RSTs in 
Maine’s largest river, the Penobscot.  In addition 
to collecting smolts and obtaining biological 
samples, NEST researchers conducted a mark-
recapture study to evaluate downstream passage 
of smolts through hydroelectric facilities and 
RST capture efficiency. 
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