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Brief Summary


Foul-release coatings will be applied to panels and attached to the underwater structures that will be suspended along the spillway side of the navigation arm of the John Day Dam for the proposed project.  Polydimethylsiloxane oils (PDMS) exuding out of the coatings as well as the physical presence of underwater structures may affect juvenile and adult Oncorhynchus spp. (salmon and steelhead) as well as Entosphenus tridentatus, formerly Lampetra tridentatus (Pacific lamprey) in the Columbia River Basin. Although PDMS oils are contaminants, they pose a very low toxicity risk to fish, zooplankton and benthic organisms, and are not expected to adversely affect Oncorhynchus spp. or E.  tridentatus. The study area overlaps with the spatial distributions for Oncorhynchus spp. and E. tridentatus, and the underwater structures may impact outmigrating juvenile and returning adult fish by physical strikes, and/ or affecting passage distribution, escapement, and forebay residence time. The likelihood of interaction between the underwater structures and Oncorhynchus spp. and E. tridentatus may be reduced by deploying support frames and panels at shallow depths, less than 3 m. Additionally, some evidence suggests that Oncorhynchus spp. could respond to and avoid the underwater structures both horizontally and vertically. Fish behavior combined with the spatial buffer between the study area and the dam face may reduce the severity of impacts caused by encounters between adult fish and the underwater structures. 
Migration Behavior

Underwater structures, i.e. support frames and panels, will be suspended along the spillway side of the navigation arm of the John Day Dam (JD) for the proposed project. Underwater structures will be approximately parallel the flow of water and located along the 82 m of the navigation arm most distal the dam face and north fish ladder exit. Each support frame with associated panels will be approximately 1.8 m x 1.5 m x 76 mm, weigh 50 kg/ each and will be secured to the navigation arm to a maximum depth of 3.1 m using at least three galvanized wire ropes. Each frame will be secured approximately 1.2 m apart, thereby creating an end-to-end series of underwater structures for 82.3 m.    


These underwater structures may impact the migration of juvenile and adult Oncorhynchus spp. (salmon and steelhead) as well as Entosphenus tridentatus, formerly Lampetra tridentatus (Pacific lamprey) of the Middle and Upper Columbia and Snake Rivers. The Evolutionarily Significant Units (ESU) currently listed as Endangered that may be affected include the Upper Columbia River spring-run Chinook ESU (Oncorhynchus tschawytscha), and the Snake River Sockeye ESU (O. nerka) (Good et al. 2005). The fish that may be affected and are currently listed as Threatened include the Snake River fall-run Chinook ESU, Snake River spring/ summer-run Chinook ESU, Columbia River Chum ESU (O. keta ), Middle Columbia River Steelhead ESU (O. mykiss), Snake River Basin Steelhead ESU, and the Upper Columbia River Steelhead ESU (Good et al. 2005). Although E. tridentatus are not listed as Endangered or Threatened under the Endangered Species Act, there are concerns due to population declines (CRBLTWG 2010). Knowledge is limited for lamprey migration, and this document focuses on E. tridentatus because it is more abundant than Lampetra ayresi (river lamprey) in the Columbia and Snake Rivers (Daigle et al. 2008). 

The underwater structures may impact outmigrating juvenile and returning adult fish by physical strikes, and/ or affecting passage distribution, escapement, and forebay residence time. Physical strikes may cause disorientation, increased susceptibility to predation, stress, physical injury, and death. The presence of underwater structures may induce behavioral changes, e.g. the direction and/ or depth of swimming, and these behavioral changes may impact dam passage.

The study area overlaps with the horizontal spatial distributions for juvenile Oncorhynchus spp. and E. tridentatus downstream migrants. The study area is proximate to the northern spillways, navigation lock and north fish ladder. Juvenile Oncorhynchus spp. at JD are surface oriented, follow flow patterns, can become disoriented in the forebay, and are attracted to the spillway compared to the powerhouse, navigation lock, fish ladders, and the smolt passage (Coutant and Whitney 2000; Johnson et al. 2005; Weiland et al. 2009). Oncorhynchus spp. that initially approach other parts of JD can also move into the study area. Milling and searching behavior in juvenile Oncorhynchus spp. after approaching the powerhouse is common, and many Oncorhynchus spp. fish transverse the forebay laterally before passing (Adams and Counihan 2009). Young adult E. tridentatus rely on currents to be carried downstream, often drift tail first, and tend to pass through turbines (Close et al. 1995). The observations of Close et al. (1995) suggest that downstream E. tridentatus migrants may not exhibit avoidance behavior, e.g. horizontal swimming, and a large portion of E. tridentatus passing JD will not encounter underwater structures due to their horizontal distribution near dams. 

The depth of underwater structures will overlap the vertical spatial distributions observed for juvenile Oncorhynchus spp.. Juvenile oncorhynchus spp. approaching JD occupied the shallowest waters approaching spillway versus the depths fish approached the powerhouse and other passage routes (Weiland et al. 2009). The median vertical distributions for yearling and subyearling O. tschawytscha, and juvenile O. mykiss approaching JD, as estimated from Figures 3.46, 3.66, and 3.55, respectively, ranged from 4.5–5.5 m, 6 m, and 3.5–4.5 m, respectively (Weiland et al. 2009). Reported depth distributions, however, vary depending on location relative to dam, river mile, time of day, season, fish species, fish size, sampling methodologies, and other factors. For example, the depth distribution within 60 m of McNary Dam for juvenile O. tschawytscha and O. mykiss ranged from approximately 2.4–9.8 m, and 3.7-9.8 m, respectively (Adams and Counihan 2009). 


The likelihood of interaction between the underwater structures and juvenile Oncorhynchus spp. and E. tridentatus may be reduced by deploying support frames and panels at shallow depths. Although the majority of juvenile Oncorhynchus spp. approach-paths within 75 m of JD are relatively proximate the proposed study area both horizontally and vertically, the frequency of encounters between juvenile fish and the underwater structures may be reduced by deploying within the top 3.1 m of the water column. Close et al. (1995) reported that most outmigrating E. tridentatus passed via turbines, and fish entered turbine intakes near the center and bottom. This suggests that outmigrating E. tridentatus may occupy water strata deeper than the study area. The vertical distribution of downstream migrant E. tridentatus approaching dams estimated from where fish enter intakes, however, is likely inappropriate and represents an overestimation. Depth distributions of Oncorhynchus spp. approaching the JD powerhouse, for example, significantly increased within 5 m of the face of the powerhouse, and this sudden change in depth distribution was only observed in front of the powerhouse (Weiland et al. 2009).


Some evidence suggests that juvenile Oncorhynchus spp. could respond to and avoid the underwater structures both horizontally and vertically. Carter et al. (2009) suggested that the high variability in depth distributions for yearling and subyearling Chinook could indicate they are capable of utilizing a variety of habitat. Birtwell and Kruzynki (1989) reported that although juvenile Oncorhynchus spp. preferred surface waters, they would move up or down in water column in response to adverse conditions. Juvenile Oncorhynchus spp. swimming behavior includes swimming with the flow, toward increasing or decreasing flow velocities, and changing depth (Goodwin et al. 2005).


The study area overlaps with the vertical and horizontal distributions for returning adult Oncorhynchus spp. as well as the horizontal distribution for returning adult E. tridentatus passing JD. Adult Oncorhynchus spp. and E. tridentatus passing JD utilize both the south and north fish ladders (Keefer et al. 2003; Moser et al. 2005). Many adults, especially fish exiting the north fish ladder at JD, will likely move upstream into the study area. The mean, median and 5th and 95th percentiles for adult O. tschawytscha and O. mykiss depth distribution in the JD Reservoir, estimated from Figures 5 and 14 in Johnson et al. (2008a) are 4.5 m, 4.3 m, 2.5–9.6 m, and 4 m, 3.5 m, and 2–7.5 m, respectively.

The location of the underwater structures, however, may limit the frequency of encounters with adult fish. The underwater structures will be located on the portion of the navigation arm most distal the dam face, with a spatial buffer of approximately 116 m between the downstream portion of the study area and the north fish ladder exit. It appears adult fish are more common in water strata below the underwater structures. Migrating adult Oncorhynchus spp. at JD occupy waters generally deeper than 3.1 m (Johnson et al. 2008b), and it appears E. tridentatus move along closer to the bottom during upstream migration (Daigle et al. 2008; Moser et al. 2002). Between 60% and 78% of Oncorhynchus spp. passing JD used the south ladder (Bjornn et al. 2000; Keefer et al. 2003). Moser et al. (2005) reported that more E. tridentatus approached the south ladder at JD, and that returning E. tridentatus had difficulty passing the ladder section of the JD north fish ladder. These findings suggests that more adult migrants are exiting the south ladder at JD and thereby are less likely to encounter the underwater structures located upstream of the north ladder exit. 

The spatial buffer between the study area and the dam face may reduce the severity of impacts caused by encounters between adult fish and the underwater structures. The presence of underwater structures may cause adults to exhibit wandering behavior, and this may increase the likelihood of fallback. The likelihood of fallback due to the combined effect of wandering and then entrainment in high velocity flow areas near spillways, however, may be reduced by locating underwater structures hundreds of feet from spillways. Tagged fish, however, have been observed in upstream sites prior to fallback (Keefer et al. 2002). Some evidence suggests that fallback may not be significantly increased by physical strikes with underwater structures. Bjornn et al. (2000) and Keefer et al.(2002) suggested that adult Oncorhynchus spp. dam passage was not significantly affected by secchi visibility or physical injuries to fish. Physical strikes may occur, however, and strikes may impact fish migration in other ways than fallback. For example, Keefer et al. (2002) suggested head injuries incurred during fish tagging may lower Oncorhynchus spp. survival. 


Adult fish behavior may affect the likelihood of physical strikes. Adult Oncorhynchus spp. frequently altered their depth in the water column, and the time near the surface was typically short (Johnson et al. 2005; Johnson et al. 2008a; Johnson et al. 2008b). Adult Oncorhynchus spp. and E. tridentatus  forebay residence time is relatively short compared to time required to pass dams (Daigle et al. 2008). Naughton et al. (2005) reported that O. nerka do not readily ascend fish ladders in low light, as low visibility may make navigating relatively complex barriers presented by dams and fishways too difficult for nighttime passage. These findings suggest that if adults encounter underwater structures it will be during the day under optimal light conditions for avoidance behavior. Adult E. tridentatus are generally more active at night (Daigle et al. 2005), but the risk posed to upstream migrants by physical strikes seems less compared to Oncorhynchus spp.. Adult E. tridentatus appear to occupy deeper water strata (Boggs et al. 2008). Additionally, migration behavior suggests adult E. tridentatus move upstream in series of bursts of swimming followed by periods of rest (Bayer et al. 2001). Attachment points may be related to E. tridentatus passage success (Daigle et al. 2008). Underwater structures, if encountered by E. tridentatus, may be beneficial, providing attachment points for resting.
Toxicity


Foul-release coatings will be applied to the panels attached to the underwater structures in order to evaluate the coatings’ effective service life under Columbia River field conditions. The foul-release coatings being considered for examination under the proposed project, e.g. Smart Surfaces/ SeaGuard, Bioclean ECO, Hempasil, have multiple layers and mixtures of components. The topcoat is a silicone resin matrix, primarily composed of polydimethylsiloxane or PDMS. Several of the proposed coatings contain PDMS oil that is not bound within this rubber coating matrix. 

The toxicity concerns for PDMS have focused on the PDMS oils that are not bound within the coating matrix. The PDMS materials bound within the coating matrix are biologically inert, insoluble, show no toxic effects, do not react with body fluids, and are not released to environment under normal conditions (Lawson 1986; Nendza 2007). Mechanical damage to the coating matrix can release bound PDMS materials to the environment, but these silicones become particulate litter (Nendza 2007). Room temperature vulcanizing (RTV) silicones are the base material used in these coatings, e.g. Smart Surfaces, and RTVs are also used in surgical tubing, prosthetics and encapsulating pacemakers (Lawson 1986). The free PDMS fluid, however, migrates to the coating surface and exudes into the environment. These free-flowing PDMS oils have been evaluated through toxicity testing because of their release to the environment (Fendinger et al. 1997; Jarvie 1986). Exuding PDMS oils are referenced as PDMS hereafter.


PDMS pose no risk to the environment under conventional toxicity testing. PDMS are essentially inert, virtually insoluble in water, chemically and thermally stable, non-biodegradable (even in waste treatment),  do not accumulate on surface waters or in the water column, rapidly adsorb to suspended particulate matter, and are only broken down chemically under special conditions (Fendinger et al. 1997; Jarvie 1986; Nendza 2007; Stevens et al. 2001). PDMS exhibit high molecular weights and therefore cannot pass through bilipid layer of cell membranes and do not bioconcentrate or bioaccumulate (Jarvie 1986; Nendza 2007; Stevens et al. 2001). PDMS derivatives have been shown to be virtually nontoxic, and it is unlikely that significant concentrations of toxic PDMS derivatives will form through reactions such as transalkylation (Jarvie 1986). Environmental loading of PDMS occurs primarily from down-the-drain consumer and industrial product disposal (Fendinger et al. 1997). Sorption removes 97% of PDMS from wastewater with the remaining 3% being discharged with liquid effluent into rivers and other bodies of water where the PDMS are rapidly deposited into sediments (Fendinger et al. 1997; Powell et al. 1999). 


Toxicity tests with PDMS have demonstrated no significant risk to fish. PDMS in general have very low toxicity to fish (Fendinger et al. 1997). Mann et al. (1977) as cited in Fendinger et al. (1997), fed rainbow trout (Oncorhynchus mykiss) food containing approximately 10 mg PDMS/ d for 28 d, which corresponded to 10,000 mg PDMS/ kg body weight, and observed no mortality, no growth effects, and no abnormalities observed during histopathological examination of skin, muscle, liver, bile, adrenal gland, stomach and gut. The 4 d TL50 for fish exposed to a PDMS emulsion was greater than 10,000 μg/ g (Jarvie 1986). Opperhuizen et al. (1987) exposed one year old guppies (Poecilia reticulate) and two year old goldfish (Carassius auratus) to PDMS at feeding rates of 25 mg PDMS/ g* day-1 and found no significant retention or accumulation of PDMS in tissue. LT50 values for scorpionfish exposed to PDMS emulsions of 35% at 1,000 mg/ L, 2,000 mg/ L, and 10,000 mg/ L were 120 hrs, 50 hrs, and 4 hrs, respectively (Fendinger et al. 1997). LC50 values from acute testing are generally greater than 1,000 mg PDMS/ L, which is a concentration many times greater than found in natural waters (Fendinger et al. 1997). Stevens et al. (2001) reported no observed effects upon mature fish. PDMS with molecular weights greater than 600 MW were not absorbed by bullhead catfish (Ictalurus melas) (Annelin and Frye 1989). Hill et al. (1984) as cited in Craig and Caunter (1990) and Fendinger et al. (1997) did observe significant deleterious effects upon hatchability of sheepshead minnow larvae (Cyprinodon variegates) at 67 mg PDMS/ L. A comparison between the blanks and the emulsion control, however, indicated that the emulsion itself caused problems with larval weight and length. 



PDMS have shown essentially no toxic effect on zooplankton and benthic organisms. PDMS in the aquatic environment are found in the sediment, and are large molecules that cannot pass through biological membranes. PDMS concentrations measured in marine and freshwater sediments representing the worst-case situations for the U.S. ranged from 0.2 μg/ g to 309 μg/ g (Powell et al. 1999). PDMS that are small enough to pass through the bilipid layer of membranes volatize to the atmosphere (Jarvie 1986).  PDMS have a very low bioavailability for sediment dwelling organisms because the very high binding affinity for sediments means that the PDMS do not readily desorb from ingested particles and are passed in feces (Stevens et al. 2001). Additionally, the PDMS concentration in the pore water is very low, thus reducing uptake via respiration processes (Stevens et al. 2001). Acute studies exposing mussels to saturated solutions of PDMS showed no evidence of mortality (Stevens et al. 2001). Henry et al. (2001) found that PDMS added to sediments at concentrations greater than 1,000 mg PDMS/ kg did not reduce the survival, growth, emergence and reproduction for the amphipod, Hyalella azteca, and midge larvae, Chironomus tentans after 10 d and whole-life exposures. No effect upon survivorship or weight was observed during a 28 d study with Nereis diversicolor (Craig and Caunter 1990). Craig and Caunter (1990) observed, however, that the burrowing activity was slowed in PDMS treated soils compared to controls. No acute toxic effects were observed on Balanus amphitrite larvae exposed to a variety of PDMS elastomers with exuding PDMS oils (Watermann et al. 2005). 


There is evidence suggesting that PDMS may cause physical-mechanical effects on some organisms. Although Watermann et al. (2005) observed no toxic effects of PDMS, significant differences in mortality in B. amphitrite were observed in the PDMS treatments compared to controls, B. amphitrite larvae becoming immobilized in PDMS films. Fendinger et al. (1997) and Stevens et al. (2001) also noted that Daphnia magna and B. amphitrite larvae become trapped, immobilized, and died in PDMS films or droplets. Craig and Caunter (1990) reported that the burrowing behavior of a polychaete worm was reduced in sediment treated with PDMS. Aubert et al. (1985) reported PDMS dispersions at concentrations greater than 2,000 mg/ L caused significant mortality in Mytilus edulis mussels by clogging the respiratory passages. These findings suggest that physical-mechanical effects are possible with the accumulation of PDMS layers in the sediments.      



Adverse impacts on fish from PDMS cannot be overruled. There have been no long-term sediment toxicity tests to evaluate the sublethal effects of PDMS on benthic communities (Nendza 2007). Although PDMS have shown no toxic effect on zooplankton, benthic organisms and fish, the abundance and distribution of benthic zooplankton may change because of PDMS accumulation in sediments (Nendza 2007). PDMS accumulations in sediment could potentially impact fish by clogging fish gills and egg pores (Nenzda 2007). Organosilicon compounds such as PDMS can transfer alkyl or other groups to metal derivatives, i.e. heavy metals, through transalkylation reactions (Jarvie 1986). These transalkylation reactions would make heavy metals more available to organisms such as fish. 

Caution should be taken interpreting conventional toxicity tests regarding PDMS. Conventional aquatic toxicity tests use water to deliver the test material to the organism, and the test material must have a measureable aqueous solubility in order to measure the uptake into the organism (Stevens and Annelin 1997). PDMS exhibit extremely low aqueous solubility, i.e. ppb to ppt, and it is difficult to analyze PDMS at such low concentrations (Nendza 2007; Stevens and Annelin 1997). Due to the low aqueous solubility, different methods are used to prepare the test medium, e.g. solvents and surfactants, but many carrier solvents are not effective with PDMS and many surfactants exhibit toxicity themselves (Stevens and Annelin1997). 


The PDMS contaminants released from foul-release coatings during the proposed project pose a very low toxicity risk towards juvenile and adult Oncorhynchus spp. and E. tridentatus. PDMS are neither significantly bioaccumulated nor is their soluble fraction very toxic. PDMS are rapidly removed from the water column through adsorption to particulate matter, and are generally not transported far from areas of anthropocentric input. PDMS, however, are very persistent in the environment, and can accumulate in sediments. The physical-mechanical effects of PDMS, however, are observed at PDMS concentrations much greater than those observed in the natural environment. Additionally, the production of toxic derivatives via transalkylation reactions are quickly transformed and would be problematic only in unusual circumstances, e.g. a PDMS spill into an area with large concentration of heavy metals. Ultimately, since no adverse effects have been observed on aquatic organisms exposed to extremely high PDMS concentrations, and because a relatively small surface area of PDMS coatings will be exposed to the environment, this project is not predicted to pose a toxicity risk to Oncorhynchus spp., E. tridentatus, and the environment.  
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