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I. BACKGROUND 

Resistance board weirs have been used for over 20 years in the United States, primarily in 
Alaska, and more recently, in Oregon and California, for counting and assessing salmonid during 
the upstream migration (immigration) phase of their life cycle.  Their popularity and utility as a 
monitoring and management tool continues to grow in the United States and other countries 
where migratory salmonids occur.  By design, resistance board weirs are relatively non-invasive 
structures that allow for recreational passage and river user safety.  In contrast to rigid structures 
such as picket weirs and low-head dams, resistance board weirs have the ability to “collapse” or 
fold down in the downstream direction during high flow or debris load conditions.  This allows 
excess water and debris to pass over the top of the weir structure, thereby reducing the likelihood 
of damage or blowout.  This is a relatively large benefit compared to rigid picket weirs that reach 
a breakpoint and either blowout or otherwise become severely damaged. 

Relatively simple installation and removal are important features of a resistance board weir.  No 
concrete pilings or other permanent structures are necessary.  Panels made of polyvinyl chloride 
(PVC) and ultra-high-molecular-weight (UHMW) plastic are the primary structural weir 
components.  These panels can be quickly installed and removed by hand by a few technicians, 
and the entire weir and associated components can be installed or removed in approximately 2-3 
days. 

The River Etne resistance board weir project is located in the Sunnhordland region of Norway.  
The river supports minimal boat traffic and moderate recreational use including a valuable sport 
fishery for Atlantic salmon (Salmo salar) and sea trout (Salmo trutta).  Modifications to the weir 
structure will allow for safe boat passage over the top of the weir and free fish passage during 
non-operational periods.  Public and field crew safety is the highest priority for the project, as 
well as the protection of the natural resources of the River Etne and measures have been 
incorporated into the weir design and operational procedures to minimize potential public safety 
risks.  This Operations and Safety Plan (Plan) provides information and procedures for weir 
operation, maintenance, and preventative safety measures to make operation and field activities 
associated with the weir as safe as possible and to support the collection of accurate and unbiased 
scientific data.  This Plan also details information regarding potential risks of weir operation and 
recommended actions to minimize those risks; fish protection and husbandry; and it supports 
human and resource safety.  This Plan does not circumvent state, federal, local or other 
regulations as they pertain to personnel safety and protection of public resources.  The operator is 
responsible to ensure that regulatory and safety compliance is met.  Improper installation and 
operation of the weir can be dangerous or deadly to staff operating the equipment, the public, and 
the fisheries resources entrusted to the crew operator(s).  The weir should never be deployed or 
operated without proper training and safety measures in place or an adequate crew. 

 

II. SAFETY GUIDELINES 

Public 

Notification and education will support the dissemination of weir information to the community 
and inform local water users regarding the availability of safety guidelines for navigating past the 
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project area.  Primary measures include posting informational signage in the vicinity of the 
project site where recreational users (e.g., fishermen, rafters, canoeists, and other members of the 
general public) on the River Etne will encounter the weir.  Educational flyers, pamphlets, or a 
kiosk at the weir site can increase public awareness of the project.  Weir operators should also be 
prepared to discuss the project with the public encountered while on-site.  A web site detailing 
the weir project may also provide a venue to share information with the community. 

In addition to informative signage and handouts at the weir site, warning signs should be located 
upstream and downstream of the weir along the riverbanks.  Examples of sign verbiage and 
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placement locations are provided below (Table 1 & 

 

NOTICE 
 

CHANNEL OBSTRUCTION 
2.0 MILES DOWNSTREAM 

 
PASS WITH CARE 

MERKNAD 
 

CHANNEL HINDRING 3.0 
KILOMETER NEDSTRAUMS 

 
PASSERE MED CARE 

Boat Passage Instruc ons: 
 
When passing the weir in either the 
upstream or downstream direc on: 
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observe the posted “No Wake” 
zone 

• Keep speed at or below 5 MPH 
• Be aware of areas of shallow water 
• Remain between channel markers 
• Raise motor to shallow drive 
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• Carefully pass over weir 
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Når passerer weir i enten oppstrøms 
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• Hold farten på eller under 8 KPH 
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Flow 
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Figure 1).  Signs should be at least 0.5-m x 1.0-m in size with large lettering; however, larger 
signs are more noticeable and should be considered where feasible.  Lettering should consist of 
bold reflective letters on a reflective white background to increase visibility during low light 
conditions. 

Table 1.  Example of warning sign verbiage and approximate placement distances both upstream and 
downstream of the weir project site. 

Sign Location 
(upstream and 

downstream of weir) 

 
Wording (Norwegian) Wording (English) 

100 m 

ADVARSEL 

FARLIG UTSTYR 
AHEAD 

 
TILNAERMING MED 

FORKSIKTIGHET 

WARNING 

DANGEROUS EQUIPMENT  
AHEAD 

 
APPROACH WITH 

CAUTION 

25 m 

FORSIKTIG 

NO WAKE S ONE 
 

8 K.P.H. 

CAUTION 

NO WAKE ZONE 
 

5 M.P.H. 

15 m 

FORBLIR MELLOM 
LEDMERKENE 

 
TRIM MOTOR 

 
PASSERE MED CARE 

REMAIN BETWEEN 
CHANNEL MARKERS 

 
TRIM MOTOR 

 
PASS WITH CARE 
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Figure 1.  Example of warning signs that could be placed at river entry points (i.e., boat launch, etc.). 
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should fit snugly, and a wader belt should be used at all times.  Always work in teams of two or 
greater, and know where your team members are while on-site.  If working at night, technicians 
should wear headlamps or other light sources that allow their hands to be free to work.  Neoprene 
gloves are recommended when working in cold water and cleaning/maintaining the weir.  Staff 
working on the weir should be trained in first-aid/cardio pulmonary resuscitation (CPR), and 
should know how to swim.  At least one crewmember should have a working cell phone or other 
communication device when in the field. 

First aid kits, emergency road flares, and fire extinguishers should be maintained in all vehicles 
and boats.  The weir team should be aware of the dangers of working in the natural environment, 
including hypothermia, hyperthermia, cold and swift water, and lightning strike injuries.  It is 
recommended that the weir operators develop a full employee safety program, including 
standardized first aid program, CPR training, and Injury and Illness Prevention Program.  These 
subjects are beyond the scope of this Plan. 

 

III. RESISTANCE BOARD WEIR OPERATION 

General Operation 

The resistance board weir consists of six (6) principal components:  (1) weir panels, which form 
the barrier, (2) a substrate rail, which anchors the panels to the river bottom, (3) passage chute to 
allow fish passage through the weir, (4) bulkheads and fixed pickets to prevent fish from passing 
around either side of the weir, (5) modified boat passage panels to allow boat traffic over the 
weir, and (6) a trap to collect data from live fish.  The rail is anchored to the streambed across the 
width of the channel.  Each panel is a wide array of 3’ wide x 20’ long (~0.9m wide x 6.1 m 
long) tubular PVC pickets.  Each picket is sealed at both ends for flotation and one end of the 
panel is attached to the rail and the other end floats to the surface downstream.  The action of 
stream flow against an inclined resistance board mounted beneath the downstream end of the 
panel lifts this end above the stream surface.  When attached side by side along the rail, panels 
form the face of the weir. 

During flood conditions, panels are forced below the water’s surface, allowing debris to pass 
unobstructed over the weir. 

Installation is considered in three parts: 

(1) substrate rail, (2) weir panels, and (3) live trap. Work may begin as soon as river conditions 
allow.  The weir crew must be able to wade the site to work effectively.  Drysuits and snorkel 
gear are used to improve wading capability and complete underwater tasks.  This manual defines 
wading conditions as normal when an individual can reasonably wade a perpendicular course 
across the channel in a drysuit, and difficult when an individual is not able to wade a 
perpendicular course but is able to maintain steady contact with the bottom. 

Pre-Installation 

The location of weir deployment should be chosen where the chances of bank erosion are kept to 
a minimum.  Crews should be careful not to damage bank vegetation or cause bank erosion while 
working in and around the weir area.  The project site and work area should be cleared and 
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the bulkhead.  After the bulkhead is in place, the first resistance board panel can be hooked onto 
the substrate rail cable; this process continues across the extent of the river channel (Figure 9).  A 
single PVC connector picket is used to connect adjoining resistance board panels. 

 
Figure 8.  Installed A-frame, associated rigid weir panel, bulkhead and first resistance board panels. 

 
Figure 9.  Resistance board panel hooked onto the substrate rail cable. 

Run the picket through the stringers of two adjoining panels and secure in place using a hose 
clamp.  Do this with each successive panel (Figure 10).  Continue with regular panels and install 
the modified upstream passage chute panel when the location of the live trap is reached.  
Continue across the rest of the channel with regular panels up to the location where the second 
bulkhead is to be installed.  Follow the above procedures to install the rigid weir and A-frame 
section to make the connection with the near bank. 
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To preserve the integrity of the weir components it is recommended for the weir and all of its 
parts be stored indoors.  Ultraviolet light will break down PVC integrity over time, causing the 
PVC pickets to become brittle and break.  Weak PVC will crack easily when stepped on or hit by 
a large piece of debris.  Water collected inside of PVC pickets can freeze during cold weather 
and crack the PVC.  To prevent sun and cold damage it is best to store the weir in a dry, covered 
area, preferably indoors.  Resistance board panels, trap panels, and rigid weir panels can all be 
stacked on top of each other to reduce the amount of floor space required for storage.  Resistance 
board panels can be stacked up to twenty panels high.  Hardware and other loose items should be 
organized, labeled, and placed in a sturdy container.  If indoor storage is not an option the entire 
weir should be covered with a heavy-duty tarp to reduce impacts from varying weather 
conditions and the sun. 

 

IV. EXAMPLE PROTOCOLS 

Trapping Protocol 

 Close the fish trap exit door and narrow the fyke gate when a trapping period begins. 

 Allow the trap to fish for a set period of time. 

 Remove at least one lid from the top of the trap before entering the trap to process the catch. 

 Collect environmental data (e.g., flow, dissolved oxygen, water temperature) during each trap 
check. 

 Handle/process fish according to approved fisheries guidelines. 

 If required, collect tissue and/or scale samples from species of interest. 

 Measure the biomass of captured fish by using a hanging scale. 

 Take a photograph of every captured fish, and measure its depth (mm), fork length (FL, mm), 
and total length (TL, mm) (see Larson 1995 for example of a fish cradle). 

 Identify the species, sex, and presence/absence of an adipose fin (if applicable) for every 
captured fish (see Merz and Merz 2004 to help determine sex using morphological features). 

 Note any injuries, hook scars, predator scars, fungal infections, indications of disease etc. 

 After a fish has been processed, pass the fish to the outside of the trap and place it in a 
recovery area upstream from the weir. 

 After a fish has fully recovered, it can be released to continue swimming freely upstream. 
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Weir Field Crew Check List 

□ Clip board 
□ Waterproof field note book 
□ Trapping data sheets (waterproof) 
□ Snorkel survey data sheet (waterproof) 
□ Pocket knife 
□ Scale sample envelopes/water proof papers 
□ Forceps/tweezers 
□ Measuring tape; measuring board 
□ Pencils 
□ Black permanent marker 
□ Hand-held thermometer 
□ Stopwatch 
□ Water sample vial 
□ Species code sheet 
□ Trap keys 
□ Water velocity (current) meter 
□ Dissolved oxygen meter 
□ Metal rakes 
□ Stiff bristle brushes 
□ Digital camera and spare batteries 
□ Cell phone 
□ Mask/hood/snorkel gear 
□ Dry suit/waders 
□ Wader boots 
□ Dive gloves/booties 
□ Emergency medical kit 
□ Throw rope 
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