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SEDIMENT IMPACT ZONE (SIZ) APPLICATION FOR DISCHARGE OF 
IMIDACLOPRID INTO WILLAPA BAY 

 
WILLAPA/GRAYS HARBOR OYSTER GROWERS ASSOCIATION 

 
Basic Permit Information 
 
 
1. Applicant's company name, contact person, address, and telephone number. 

 
Willapa Grays Harbor Oyster Growers Association (WGHOGA) 
Don Gillies, President 
PO Box 3 
Ocean Park, WA 98640 
360.875.9964 

 
 
2. NPDES permit number. 
 

To Be Determined 
 
 
3. The exact legal location of the existing or proposed discharge and a map of the discharge 
location. 
 

The general discharge location for the SIZ will be commercial shellfish beds in Willapa Bay, 
Washington (Figure 1), between the tidal elevations of -2 ft MLLW to +4 ft MLLW. In any given year, 
the specific discharge locations will be determined based on shellfish grower plans for their seed beds, 
grow-out sites, and fattening grounds; the efficacy of prior treatments; and the degree of burrowing 
shrimp infestation. An Annual Operations Plan (AOP) will be submitted to Ecology every year, prior to 
commencing treatment with imidacloprid. The AOP will specify the potential shellfish beds to be treated, 
including legal locations of potential treatment beds; total acreage; type of application (liquid or granular 
formulation; aerial application or ground/boat application); legal owner/lessee; and bed identification 
name. 
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Figure 1 – Willapa Bay Location Map 

 
4. Annual area to be treated.  

 
Under this SIZ application, and the proposed NPDES permit, WGHOGA is planning on treating up to 

1,500 acres per year in Willapa Bay (approximately 3.3 percent of total tideland area exposed at low tide). 
The exact number will vary, depending on shellfish grower plans for their seed beds, grow-out sites, and 
fattening grounds; the efficacy of prior treatments; and the degree of burrowing shrimp infestation each 
year. The application rate, maximum annual acreage, treatment schedule, shrimp presence criteria, Best 
Management Practices, monitoring requirements, and safety precautions would be specified in the permit. 
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Discharge Characteristics   
 
5. Chemical name and additional chemical information.   

 
For this proposal, imidacloprid (common name and active ingredient) is registered as Protector 2F 

(21.4 percent, Nuprid, flowable) and Protector 0.5G (0.5 percent, Mallet, granular). The MSDS forms for 
these chemicals are attached as Appendix A. Imidacloprid will be applied at a rate of up to 0.5 lb active 
ingredient per acre (a.i./acre) for all treatment scenarios. 
 
6. Chemical degradation products.  

 
Imidacloprid is transformed into a series of degradation products in response to hydrolysis, 

photolysis, oxidation, and biochemical breakdown. From the degradation products identified in aerobic 
water and sediment studies, a degradation pathway has been proposed as shown on Figure 2. The 
compounds marked with an asterisk were found only in systems exposed to light. Under anaerobic 
conditions, imidacloprid-guanidine occurs as a major degradation product. 

 

 
Figure 2 - Proposed Metabolic Pathway for Degradation of Imidacloprid in Aquatic Systems 
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Three major photo-degradation products: imidacloprid-guanidine, imidacloprid-olefin and 
imidacloprid-urea, as well as five minor ones: 3-amino-5-chloropyridine (AMCP); -formyl-AMCP; 
chloronicotinic acid; -dihydroxy-guanidine; and -ring-open-guanidine, have been identified as photo-
transformation products of imidacloprid (Figure 3). The reaction course to chloronicotinic acid proceeds 
from the parent by stepwise photo-degradation with oxygen.  No intermediates from this chain of 
reactions could be detected. 

 

 
Figure 3 - Proposed Metabolic Pathway for Photo-Transformation in Water of Imidacloprid 
 
The degradation and partitioning behavior of imidacloprid in the dark was studied in three natural 

systems of water and sediment. Imidacloprid disappears slowly from the water phases of water/sediment 
systems and is adsorbed to the sediment. Within the sediment, imidacloprid is degraded to imidacloprid-
guanidine and other products to a minor extent, including 5-hydroxy imidacloprid. The calculated 
disappearance half-life (DT50 value) of imidacloprid in the dark has been estimated at between 32 and 
142 days. One test using only pond water in the dark resulted in a half-life of 331 days. 

 
Under more natural conditions, where sunlight is allowed to reach water-sediment systems, the half-

life ranged from 4 to 20 days. The only major (>10 percent) degradation product in dark aquatic systems 
was imidacloprid-guanidine; while in illuminated aquatic systems, the guanidine, urea, and 6-chloro 
nicotinic acid compounds were all formed as major degradation products. The same primary compounds 
found in the illuminated aquatic systems were also observed in the aqueous photolysis study. 

 
The degradation of imidacloprid in anaerobic systems was confirmed in two studies performed in the 

dark. At 20oC, imidacloprid had a half-life of 36 days, with imidacloprid-guanidine formed as the only 
major product. Under anaerobic conditions at 5oC, the reaction rate was slower (half-life of 95 days) with 
the same major degradate observed. Three outdoor pond studies were conducted and offer the opportunity 
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to assess the “real world” dissipation of imidacloprid in aquatic systems. One pond study conducted in 
Texas and two pond studies conducted in Germany gave evidence of a rapid dissipation. Half-lives for the 
aqueous phase and the total system were estimated to be 7–10 days and 10-20 days for the two studies 
conducted in Germany (European Food Safety Authority [EFSA] 2006). 

 
Limited toxicity data are available to quantify the toxicity of degradation products or metabolites, as 

the majority of studies have focused on the parent compound imidacloprid.  Several studies conducted on 
insects found that the 5-hydroxy derivative was 10–27 times less toxic than imidacloprid, while only the 
olefin derivative, which occurs as a metabolite in treated plants, has toxicity comparable to imidacloprid 
(Nauen et al. 1998; Suchail et al. 2001; Kagabu et al. 2004; SERA 2005; EFSA 2006; Tomalski et al. 
2010). Toxicity studies of the metabolites imidacloprid-urea, 6 chloronicotinic acid, and imidacloprid-
guanidine concluded none were as acutely toxic as technical grade imidacloprid to the midge (C. tetans) 
or amphipod (H. azteca; Bowers 1996a; Bowers and Lam 1998; Rooney and Bowers 1996; Dobbs and 
Frank 1996; Tomizawa and Casida 1999).   

 
Thus, with the possible exception of olefin imidacloprid, existing studies indicate that degradation 

products are substantially less toxic that the parent compound. In addition, because these degradation 
products are, in turn, degraded by environmental factors (e.g., hydrolysis) or are metabolized in most 
organisms, additional toxicity due to degradation products alone is doubtful. Accordingly, the European 
Food Safety Authority and USFS have concluded that benchmark values for regulation of imidacloprid 
would be protective of its metabolites as well (SERA 2005; EFSA 2006). 
 
7. Other effluent chemicals.   
 

The nature of the inert components of imidacloprid is proprietary; therefore, there is little publicly 
available information regarding these components. The Protector 2F formulation contains glycerine (an 
EPA List 4A inert ingredient1) while Protector 0.5G contains N-methyl pyrrolidone (an EPA List 3 inert 
ingredient2). Neither formulation specifies the relative quantity of its identified inert compound. 
 
8. Application methods.   
 

Protector 2F (Nuprid; flowable formulation) would be used primarily in aerial applications by 
helicopter and would occur over bare sand during very low tides. Protector 0.5G (Mallet; granular 
formulation) would be applied over standing water. Both formulations may be applied using suitable 
equipment such as scows or shallow-draft boats; all-terrain vehicles equipped with a spray boom; 
backpack reservoirs with hand-held sprayers; and/or belly grinders. 
 
Receiving Water and Sediment Characteristics 
 
9. Navigation charts or other information on bathymetry.   

 
Willapa Bay is a relatively shallow bay and has approximately 45,000 acres exposed at low tide with 

much of the remaining surface area, except for channels, covered by 1 to 6 feet of water. It consists of 
three main channels 10 to 20 meters (32.8 to 65.6 feet) deep, surrounded by extensive tidal flats (Banas et 
al. 2004). The tide is mixed-semidiurnal and tidal levels in the bay vary from 14 to 16 feet (Banas et al. 
2004; Banas et al. 2007). In addition, the mean daily tidal range can vary by as much as 50 percent over 
the spring-neap cycle. The range from mean higher high water to mean lower low water is approximately 
11.5 feet (Banas et al. 2007). During a complete tidal cycle, about 45 to 50 percent of the water in the bay 

                                                            
1 EPA List 4A inert ingredients are defined as ‘minimal risk inert ingredients’. 
2 EPA List 3 inert ingredients are defined as ‘inerts of unknown toxicity’. 
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is exchanged into the Pacific Ocean (Banas and Hickey 2005; NMFS, April 28, 2009); however, the 
average retention times in the upper third of the estuary are on the order of 3 to 5 weeks (Banas and 
Hickey 2005). See Banas 2005 for a detailed hydrodynamic model of Willapa Bay. 
 
10. Current velocities and direction near the discharge locations.  
 

Residual currents in Willapa Bay suggest tide- and density-driven circulations. Currents within 
Willapa Bay appear to be tidally driven, with tidal exchange being very efficient near the mouth, 
replacing at least 30 percent of the tidal prism every tidal cycle. This may be due to strong along-coast 
currents on the inner shelf of the bay (Banas 2005). See Banas 2005 for a detailed discussion of currents 
in Willapa Bay. Current velocities are lower around the east side of Long Island and at the north end of 
the bay, around Cedar River. 

 
11. Tidal dispersivity or other estimates of dispersivity or diffusion in the water column.  

 
Tidal dispersion ranges greatly within Willapa Bay, depending on such factors as season, river flow, 

and storm events. Tidal diffusivity ranges from 240 m2 s-1 at very low flows to 840 m2 s-1 at high flows 
(Banas 2005). Diffusion within Willapa Bay appears to be, on average, tidally driven and is very efficient 
near the mouth of the estuary. See Banas 2005 for a comprehensive discussion of the hydrography and 
tidal dispersivity in Willapa Bay. 

 
12. General description of sediment characteristics.  

 
Sediment characteristics in Willapa Bay range from sandy sediments to silty, clay-like sediments. 

Grue and Grassley (2013) found that sediment grain size can range from 79 to 95 percent sand, 2 to 13 
percent silt, and 0.6 to 8 percent clay, depending on the location in the bay. Likewise, total organic carbon 
content (TOC) concentrations are also variable, ranging from 0.20 to 1.86 percent throughout the bay. 
Based on the concentrations reported in Grue and Grassley (2013), higher TOC concentrations and higher 
silt and clay concentrations appear to be found in areas such as Cedar River where water flow may be 
lower. Ecology (2007a and 2007b) reported that Willapa Bay sediments tend to be silty, with an average 
fine sand fraction of 44 percent, a mean silt fraction of 28 percent, and a silt-clay content ranging from 0 
to 35 percent. In these studies TOC concentrations in Willapa Bay ranged from less than 0.2 percent to 
approximately one percent. 

 
13. Dispersivity or diffusion rate of sediment porewater.  
 

Diffusion rates of sediment porewater in Willapa Bay were not available. 
 

General SIZ Information 
 
14. Results of field trials 

 
Experimental trials using imidacloprid have been conducted since 2007, with the most comprehensive 

work occurring between 2010 and 2014. Experimental trials aimed at determining efficacy, environmental 
fate and transport, and the biological effects of imidacloprid were performed in 2011. These trials were 
conducted in Willapa Bay, with the study sites chosen to meet the specific criteria of ownership by a 
WGHOGA member; adequate densities of burrowing shrimp; adequate distance from previous or planned 
applications of carbaryl on commercial shellfish beds (>0.5 mile); no previous applications of carbaryl to 
the tested sites within the past 20 years, if ever (personal communication with Dr. Kim Patten, WSU 
Pacific County Extension Director, May 29, 2014);  accessibility; and desirable characteristics of 
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elevation, vegetation, and substrate that are similar to commercial shellfish beds and that were consistent 
among the study sites. In addition, treatment and control plots had to be adequately separated to prevent 
cross contamination (>500 meters). These criteria limited the study sites to two locations within Willapa 
Bay. The first was located off Rosario Beach on the western side of the Bay Center Peninsula on the 
eastern shore of the Bay (Bay Center) and the second was located east of the main channel of the Cedar 
River after it enters the northern part of the bay (Cedar River). At Bay Center, both the granular (Mallet) 
and flowable (Nuprid) formulations of imidacloprid were used, while at Cedar River only Nuprid was 
used (Booth 2014). A total of 51.38 acres of commercial shellfish beds were treated with imidacloprid, 
29.54 acres with Nuprid and 21.84 with Mallet (Patten 2011).  These studies did not have an approved 
Sampling and Analysis Plan from the Department of Ecology.  

 
The Bay Center site contained sandy sediments common to many of the commercial shellfish beds in 

Willapa Bay and Grays Harbor. The Cedar River site had higher levels of organic matter in the sediments. 
Results for the two sets of sites were different for some of the factors being analyzed.  Where different, 
they are presented separately in the sections below. 

 
Megafauna Sampling and Analyses. Effects of imidacloprid on epibenthic megafauna (Dungeness 

crab and fish) were assessed by counting all affected megafauna species on and within 150 feet of the site. 
Any species exhibiting signs of tetany (paralysis), or that were dead by any cause, directly or indirectly 
related to treatment (e.g. bird predation of crabs exhibiting tetany) were considered to be affected. The 
number of affected Dungeness crab per site ranged from 0 to 19 and the number of affected crab per acre 
ranged from 0.87 to 3.8 where the treatment site was greater than four acres. There were no affected fish 
found on the sites following any treatment (Patten 2011). 

 
Efficacy. Efficacy across all sites and treatments ranged from 42 to 96 percent burrow reduction, with 

highest efficacy on sandy sites with no vegetation and lowest on silty sites and vegetated sites. Studies 
conducted in 2011 also noted that applications to sites heavily vegetated with eelgrass were problematic 
due to the lack of site drainage in these areas. These results indicated that eelgrass may impair efficacy by 
limiting chemical access to shrimp burrows, and by preventing burrow collapse following treatment, thus 
allowing affected shrimp to recover once tetany has ceased (Patten 2011). 

 
Sediment Porewater Results. Average imidacloprid concentrations within the sediment porewater 

ranged from 24 to 154 ppb immediately after treatment.  These concentrations decreased to 8 to 20 ppb 
one day after treatment, and to 0-0.5 ppb at 56 days after treatment. 

 
Epibenthic and Benthic Invertebrate Sampling and Analyses. Epibenthic and benthic invertebrates 

were sampled at one day before and at 14, 28, and, for Bay Center only, 56 days after treatment. These 
sampling durations are timed to permit sampling at low tide events following the initial application, and 
for 14 days, to allow animals killed by imidacloprid to decompose so that they are not confused with live 
animals taken at the time of collection. Four on-plot stations were sampled in each treatment plot, with 4 
or 5 replicate core samples at each station. 

 
In general, the impact of imidacloprid was assessed by comparing each of nine endpoints: absolute 

abundance, taxonomic richness, and Shannon diversity were calculated separately for each of three 
primary taxonomic groups: polychaetes, mollusks, and crustaceans. At each post treatment interval (14, 
28, and sometimes 56 days after treatment), the value of each of the nine endpoints in the treated plot at 
each study site (Bay Center or Cedar River) was compared to the same endpoints in the respective control 
plot.  

 
A consistent problem in the 2011 trials was that the number of invertebrates on the control and 

treatment plots were not similar to one another at the time of imidacloprid application.  This makes 
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interpretation of subsequent differences between treated and control sites more difficult (i.e., are 
differences due to imidacloprid, or to unequal starting conditions?). The problem was especially evident 
in Cedar River where some species were as much as 30 times more abundant in the treatment plot than in 
the control plot at the time of imidacloprid application. 

 
In general, before imidacloprid application, the control and treatment plots at the Bay Center sites 

were similar for about half of the absolute abundance, taxonomic richness, and diversity metrics for 
crustaceans, polychaetes, and mollusks. Statistical tests for treatment effects of imidacloprid were more 
definitive for these measures than for metrics that were not similar before treatment. Regardless, the 
analysis of all the data from this area consistently failed to find a treatment effect. That is, the 
invertebrates on the treatment and control sites were similar enough to one another that the data showed 
no statistical differences after 14 and 28 days, demonstrating there was either no effect, or no effect with 
recovery and recolonization.  

 
Before imidacloprid application, invertebrates on the control and treatment plots at the Cedar River 

site were statistically different for 5 of the 9 endpoints that were examined. Polychaetes and crustaceans, 
in particular, were far more abundant on the treatment plot than at the control plot. In part, this was likely 
due to differences in vegetation levels and tidal elevations between the control and treatment plots. The 
differences between the plots were great enough to make any interpretation of invertebrate numbers after 
imidacloprid application difficult. Results of the analyses showed a decrease in abundance for most 
crustacean and polychaete species on the treatment plot, while a general increase was seen in the control 
plot. These differences were seen at both 14 and 28 days after treatment. While not conclusive, these 
results are consistent with an interpretation that imidacloprid reduced the number of polychaetes and 
crustaceans on the treatment plot, and that the decline lasted for at least 28 days following treatment, at 
least for some species. However, the data also show that the abundances of some species increased 28 
days after treatment. Subtle differences in temperature, tidal elevation, and vegetation accounted for some 
differences between the treated and control site as well. A treatment effect was not evident for the 3 
endpoints for molluscs (abundance, taxonomic richness, and Shannon diversity), or for richness and 
diversity in polychaetes or crustaceans. 

 
Given the poor initial match between the treatment and control sites in Cedar River in 2011, and the 

mixed results with respect to a treatment effect in data from that trial, another study in the Cedar River 
area is planned for the summer of 2015.  This study will again examine whether a treatment effect of 
imidacloprid application can be detected in invertebrate populations. Because imidacloprid may be more 
persistent in sediments with higher silt content (Grue and Grassley 2013), a focus of the study will be to 
look at the interaction between the organic content of the sediment in the treatment site(s) and the 
persistence of imidacloprid and its potential effects on invertebrates. 

 
In 2012, experimental trials aimed at determining efficacy, environmental fate and transport, and the 

biological effects of imidacloprid were performed under an Ecology-approved Sampling and Analysis 
Plan (Hart Crowser 2012). The scope of these trials was to determine the magnitude, extent and duration 
of imidacloprid exposure from an application of imidacloprid for the control of burrowing shrimp. This 
study was also designed to measure one of the degradation products of imidacloprid: imidacloprid-olefin. 
The specific components of this study included: 

 
• Measurement of pre- and post-application water column concentrations of imidacloprid and 

imidacloprid-olefin; 

• Measurement of whole sediment imidacloprid and imidacloprid-olefin concentrations; 

• Measurement of sediment porewater imidacloprid and imidacloprid-olefin concentrations; 
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• Evaluation of binding of imidacloprid and imidacloprid-olefin to sediments; 

• Measurement of imidacloprid and imidacloprid-olefin concentrations in eelgrass tissues; 

• Whole sediment characterization (texture, total organic carbon, dissolved organic carbon); 

• Evaluation of the efficacy of imidacloprid in controlling burrowing shrimp; and  

• Evaluation of the effects of imidacloprid on benthic invertebrate communities. 

 
The 2012 experimental trials were conducted in Willapa Bay and the study sites were selected with 

specific criteria in mind. Treatment and control sites were located in two areas of Willapa Bay. The first 
location was between Sandy Point and Ramsey Point in the east side of the bay, below the south fork of 
the Palix River (Palix). The second location was south of Leadbetter Point and Grassy Island on the north 
end of the Long Beach peninsula (Leadbetter). Limited sampling also occurred in one small plot near 
Cedar River. Treatment occurred in August of 2012. Study site criteria included ownership by a 
WGHOGA member; adequate densities of burrowing shrimp; adequate distance from previous or planned 
applications of carbaryl on commercial shellfish beds (>0.5 mile); no previous applications of carbaryl 
within the past 20 years, if ever (personal communication with Dr. Kim Patten, WSU Pacific County 
Extension Director, May 29, 2014);  accessibility; replication of a commercial-scale application; and 
desirable characteristics of elevation, vegetation, and substrate that are similar to commercial shellfish 
beds and that were consistent within the study area. In addition, treatment and control plots had to be 
adequately separated to prevent cross contamination (>500 meters). All treatment and control plots were 7 
to 10 acres in size. Both the granular (Mallet) and flowable (Nuprid) formulations of imidacloprid were 
used in these trials.  

 
The following screening values were used to determine when levels of imidacloprid in various sample 

types were high enough to potentially result in environmental consequences:  
 

• Surface water – 3.7 ppb (screening value); 

• Sediment – 6.7 ppb (laboratory quantitation limit) 

• Sediment porewater – 0.6 ppb (screening value); and 

• Eelgrass tissue – 10 ppb (laboratory quantitation limit). 

 
The surface water screening value was derived using EPA guidance (USEPA 1985) on water quality 

criteria and the sediment porewater screening value is a conservative concentration based upon chronic 
effects No Observed Effects Concentration (NOEC) in 21-day toxicity studies (Ward 1991). 

 
Water Column Sampling and Analyses. Water column samples were collected within each treatment 

plot, as well as at 60, 120, 240, and 480 meters (m) (197, 394, 787, and 1,575 feet, respectively) from the 
plot edge on the upslope and downslope side of the plot. Pre- and post-treatment samples were also 
collected from the control plots. Samples were collected as the first advancing tide moved across the 
treatment area and onto surrounding areas. When drainage channels were present, samples were taken in 
the drainage channels at distances mentioned above. Some drainage channel samples were collected from 
water draining from the treated area soon after treatment. Nuprid was sprayed on treatment plots that were 
exposed from an outgoing tide. Mallet was applied to treatment plots having areas with 0.5 to 3 feet of 
water on them during an outgoing tide. Sample bottles were buried upright in the sediment with the 
mouth of the bottle 5 cm above the sediment surface. As the tide rose the sample bottles filled, beginning 
with the sampling points of lowest elevation.  As soon as each individual bottle was filled, the bottle was 
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sealed and removed from the sediment. Samples were collected prior to and approximately 2 hours 
following application of imidacloprid. 

 
Water column samples were analyzed on an iterative basis, meaning that all water samples collected 

pre-treatment, those collected on the sample plot, and those collected 60 m off the plot were analyzed 
immediately. When imidacloprid concentrations within water samples collected 60 m from the treated 
plot were less than the screening value of 3.7 µg/L, samples collected at further distances along the 
corresponding transects were not analyzed. When concentrations were greater than or equal to 3.7 µg/L, 
the next sample further along the respective transect was analyzed. This iterative procedure was repeated 
in a stepwise fashion until either the screening level was not exceeded or all samples along the respective 
transects were analyzed. 

 
Concentrations of imidacloprid were generally highest in drainage channels associated with Nuprid, 

with a maximum observed value of 4,200 ppb at 60 m (197 feet), and 120 ppb at 480 m (1,575 feet). 
Based on the study design, it was expected that the highest concentrations of Nuprid would be found in 
the drainage channels. In contrast, Mallet concentrations were much lower approximately 2 hours after 
application. Only 2 of 13 samples were above the quantitation limits and both were below 1.0 ppb.  

 
The results of the water column sampling showed that many offsite locations upslope of the treatment 

area were found to have at least some concentration of imidacloprid during the first advancing tide that 
passed over the treated area. Outside of the drainage channels, Nuprid concentrations reached a maximum 
of 900 ppb, with concentrations as high as 200 ppb at a distance of 480 m (1,575 feet). Mallet 
concentrations reached 130 ppb at a distance of 60 m (197 feet) and no concentrations above the 
screening criteria at further distances. The average olefin detection was 1.8 percent of the corresponding 
imidacloprid measure. Olefin concentrations ranged from 0.08 to 3.6 ppb.  

 
Sediment and Sediment Porewater Sampling and Analyses. Sediment samples were collected for 

whole sediment and sediment porewater analysis within each treatment plot and from three transects on 
the high elevation (direction of tidal flow) side of the treatment plot at 60, 120, 240, and 480 m (197, 394, 
787, and 1,575 feet, respectively) from the plot edge. When drainage channels were present, samples were 
taken in the drainage channels at distances mentioned above. One pre-treatment sample was taken. 
Samples were also collected on days 1, 14, 27, and 56 after application.  

 
Whole sediment and sediment porewater samples were collected using a modified semi-transparent, 

Nalgene 500 mL HDPE bottle with the bottom removed and a vent hole drilled into the top shoulder of 
the bottle. All coring devices were new, chemically cleaned at point of manufacture, and not re-used. The 
sample sizes were 7 cm in diameter by 10 cm in depth. Two sediment cores were collected at each 
sampling point to ensure sufficient sediment porewater could be extracted from whole sediments. Each 
sediment core was approximately 750 g, and the sum weight of both cores was approximately 1500 g. 
From this quantity of sediment, a whole sediment and sediment porewater imidacloprid and olefin 
analysis could be performed where necessary. When both measures were desired, the sample was first 
homogenized for about five minutes, and then split into two identical aliquots for the respective analyses. 
Approximately 400 g of sediment were removed and placed in a disposable, sterile 500-mL Millipore 
Steritop® 0.22 micron filtration unit. Vacuum was applied and the porewater extracted and collected into 
individual, clean 125-mL amber glass bottles. Samples were placed on wet ice or refrigerated (< 4 °C) 
until being shipped to the laboratory for analysis.  

 
As with the water column samples, sediment porewater samples were analyzed on an iterative basis 

using a time, distance, and concentration-based process. If imidacloprid concentrations were less than the 
0.6 μg/L screening value in sediment porewater samples collected from within the treatment areas, 
porewater samples collected at later dates were not analyzed. Similarly, if imidacloprid concentrations 
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were less than the practical quantitation limit of 6.7 μg/kg in whole sediment, sediment samples collected 
at later dates were not analyzed.  

 
The maximum concentration of imidacloprid found in sediment porewater on treatment plots one day 

post-application was 261 ppb. In general, imidacloprid concentrations were greater on the Nuprid-treated 
beds compared to the Mallet-treated beds. By 14 days post-application, imidacloprid residues in 
sediments and sediment porewater were reduced by 96.5 percent (maximum 9.1 ppb). Concentrations of 
imidacloprid within porewater samples collected at high elevation transects off the treatment plots largely 
followed the pattern of the residues within the water column samples. The analyses suggested that 0.5 to 2 
percent of the imidacloprid observed in the inundation water passing a given position will subsequently 
be observed in the sediment porewater 1 to 3 days post-application (Grue 2012). Analyses of whole 
sediment samples indicate 89 to 98 percent of the imidacloprid deposited on the treatment plots had 
moved off-site in the first 24 hours (see Grue and Grassley 2013 and Hart Crowser 2013 for more details).  

 
Eelgrass Sampling and Analyses. Eelgrass (Zostera marina or Zostera japonica) samples were 

collected within and outside of the treatment plots prior to treatment, and 1, 14, and 28 days post-
treatment. Detection of imidacloprid at levels above the laboratory quantitation limit (10 ppb) was found 
only on the first day post-treatment, with a maximum concentration of 120 ppb. Seven out of 20 eelgrass 
samples had detectable concentrations of imidacloprid on the first day post-treatment.  

 
Sediment Binding Rates. Whole sediment binding rates of imidacloprid were calculated for 51 

samples. A binding rate of 50 percent indicates that half the total imidacloprid in overlying surface waters 
would be absorbed into the solid and liquid fractions of the sediment, but does not indicate that the 
concentration within the solid and liquid fractions are equal (e.g., the solid fraction may have 20 percent 
of the imidacloprid while the liquid fraction has 30 percent). Initial binding rates ranged from 17.4 to 39.5 
percent at the Palix River and Leadbetter Point treatment plots, while the Cedar River treatment plot had 
an initial binding rate of 89.8 percent. Approximately 30 to 90 percent of the imidacloprid remaining in 
the sediment one day after treatment is bound to the sediment, rather than present in the pore water. The 
proportion of imidacloprid bound to the sediment increased through successive sample collections at 14, 
28, and 56 days post-treatment, meaning that there was less imidacloprid present in the porewater. Thus, 
although imidacloprid levels in sediments declined in both sediment and sediment pore water, the 
declines occurred more readily in the pore water fraction.  

 
Data on sediment binding of imidacloprid indicate that it binds more readily to sediments that are 

higher in total organic carbon (TOC) (e.g. at the Cedar River treatment plot), and appears to be more 
persistent, than in sediments with lower concentrations of TOC (Palix River and Leadbetter Point 
treatment sites). At the Cedar River site, the concentration of imidacloprid bound to sediment decreased 
from approximately 28 percent one day after treatment to approximately 10 percent 56 days after 
treatment. At the other two sites with lower TOC, imidacloprid concentrations had declined to less than 5 
percent only 28 days after treatment (Grue and Grassley 2013).  

 
Megafauna Sampling and Analyses. Dungeness crab and fish were counted on the day of application 

and again 24 hours after treatment. Counts were made at low tide along 3- to 7-m (10- to 23-foot)-wide 
transects that crossed and extended 50 m (164 feet) on each side of the plots. Species, size, incidence of 
tetany (temporary paralysis), and cause of death were recorded. The average across all sites and 
treatments was two affected crab per acre. The highest count was 3.4 affected crab per acre. Bird 
predation of tetany-affected crab appeared to be the main cause of crab mortality. However, crushing of 
crab with the ATV during imidacloprid application was also a significant cause of loss.  

 
Fish mortality ranged from 0 to 0.1 per acre. These results could have been due to chance (e.g., a dead 

fish drifted into the sample area on the tide, or to fish crushed by the ATV during imidacloprid 
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application). The results do not indicate that imidacloprid application resulted in more than incidental 
mortality of any fish species. 

 
Birds were observed foraging on and nearby the sites following treatments. No birds exhibiting 

behaviors consistent with exposure to a pesticide (e.g., confusion, poor balance, tetany) were observed 
(Patten 2013). In addition, the tidelands outside the treated area were mapped two weeks post-treatment. 
The presence of dead commensal clam shells (i.e., clams that live with burrowing shrimp) indicated the 
pattern and range of significant offsite chemical movement. For the most part, these affected areas were 
confined to a narrow band around treated plots, with an average 15 percent increase in area beyond what 
was treated.  

 
Efficacy. Efficacy across all sites ranged from 65 to 84 percent burrow reduction. Efficacy was 

reduced at sites with significant eelgrass coverage. Some areas immediately outside the treated areas 
exhibited some level of burrowing shrimp reduction. 

 
Epibenthic and Benthic Invertebrate Sampling and Analyses. Epibenthic and benthic samples were 

collected both within and adjacent to the treatment area, using a grid-based sampling approach. 
Epibenthic and benthic invertebrates were sampled prior to the application of imidacloprid and at 14 and 
28 days post-treatment. In general, imidacloprid effects were assessed for nine endpoints (absolute 
abundance, taxonomic richness, and Shannon diversity for each of three primary taxonomic groups: 
polychaetes, molluscs, and crustaceans) by comparisons in the treated plots to the same endpoints in the 
control plots at each post-treatment interval. 

 
In general, non-target effects on the epibenthic and benthic invertebrates from imidacloprid were 

absent to minimal based on the statistical analyses requested by Ecology. Polychaete abundance, richness, 
or diversity at the treatment sites could not be differentiated from abundance, richness, and diversity at the 
control site 14 days after treatment (see Hart Crowser 2013 for more details). Molluscs at one treatment 
site showed post-application declines, which could indicate an effect of imidacloprid; however, other 
factors may account for incremental changes in abundance, richness and diversity in this taxon and 
location, particularly as no declines in mollusc abundance, richness, and diversity were found at the 
second site. Imidacloprid application did not affect the richness or diversity of crustaceans, but abundance 
did show a treatment effect. The composite result from the analysis of invertebrate endpoints is that 
imidacloprid application exhibited limited effects in both space and time. In most comparisons of data 
from the treatment and control plots, a treatment effect of imidacloprid could not be demonstrated for the 
invertebrate endpoints being tested, (see Hart Crowser 2013 and Booth 2013 for more details). 

 
15. The locations of spawning areas; nursery areas; waterfowl feeding areas; shellfish 
harvesting areas; areas used by species of economic importance; tribal fishing grounds or 
other tribal areas; ecologically unique habitats; water supply intake areas; public 
recreation areas; areas protected by federal, state, or local laws; or pristine areas (with 
respect to sediment quality) in the vicinity of the discharge.  

 
Spawning Areas, Nursery Areas, and Areas Used by Species of Economic Importance. Spawning by 

Pacific herring in Willapa Bay occurs between mid-January and early April, along the inner shoreline of 
the North Beach peninsula and the west side of Long Island (Stick and Lindquist 2009). There are no 
documented areas for surf smelt or sand lance spawning in Willapa Bay. 

 
The major tributaries that support salmon include the South Fork Willapa River, Trap Creek, Mill 

Creek, Wilson Creek, Fork Creek, and Ellis Creek. Tributaries to Willapa Bay provide spawning grounds 
for salmon and trout. These fish migrate through Willapa Bay at various times of the year, and use the bay 
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as a nursery area much of the year (WDF and WDOE 1992). Anadromous salmonid distribution and 
utilization within Willapa Bay tributaries is described in detail in ENVIRON (2012; Table 2-4). Species 
include Chinook salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), winter steelhead (O. 
mykiss), and fall chum salmon (O. keta). The closest bull trout spawning area is the Quinault core area, 
more than 50 miles up the coast from the Willapa Bay. Green sturgeon do not spawn in Washington 
waters 

 
Juvenile lingcod utilize Willapa Bay, and flat fish (e.g. starry flounder and English sole) use the bay 

as a nursery area (Pacific Fishery Management Council 2012, Appendix G). Juvenile salmonids and 
English sole feed over lower intertidal and shallow subtidal areas, which may include Pacific oyster beds. 
Young salmonids and sole feed mostly on small crustaceans, including harpacticoid copepods, 
cumaceans, and amphipods. 

 
In Willapa Bay, river otters may venture into channels on the mudflats in search of fish, and raccoons 

may forage on the tide flats when these areas are exposed at low tide. 
Herring, smelt, sand lance, and anchovy feed on phytoplankton and zooplankton in Willapa Bay. See 

Draft EIS Chapter 3 for more details on spawning areas; nursery areas; waterfowl feeding areas; shellfish 
harvesting areas and areas used by species of economic importance. 

 
Waterfowl Feeding Areas. Waterfowl tend to feed mostly in the high intertidal mudflats, which are 

the first areas available as the tides recede, and the last ones covered by incoming tides (USDI/USFWS 
1997). Waterfowl feed primarily on aquatic plants including eelgrass, salt marsh plant seeds, and 
invertebrates such as amphipods, worms, and insect larvae. Shorebirds probe the mud with elongated bills 
and extract the small invertebrates that constitute their food. Amphipods are the most important food for 
dunlin and western sandpipers wintering in western Washington. Caspian terns take a wide variety of fish 
while feeding over shallow intertidal areas. The wetlands and waterways of Willapa Bay may be 
particularly important to raptors, most of which prey on shorebirds (WDF and WDOE 1985). Shorebirds 
like rhinoceros auklet, common murre, marbled murrelet, pigeon guillemot, and parasitic jaeger use 
deeper water areas of the bay as feeding sites.  

 
Tribal Fishing Grounds. The Shoalwater Bay tribe is located in Willapa Bay and has usual and 

accustomed fishing rights in the area. As such, they are entitled to fish all shoreline areas, including 
privately owned lands, but must have permits in place to harvest shellfish on privately owned lands.   

 
Water Intake Supply Areas. At the time of this writing, the only known brackish water intake in 

Willapa Bay is located at the Tokeland Marina. Further inquiries have produced no additional information 
on the presence of water intake supply areas in Willapa Bay.  

 
Public Recreation Areas. There are numerous public recreation areas located within Willapa Bay. The 

Willapa National Wildlife Refuge encompasses four separate areas within Willapa Bay: the southern units 
(Lewis, Porter Point, and Riekkola); and the Long Island, Leadbetter Point, and Cape Shoalwater units 
(see Figure 3.2.8-1). The Refuge allows camping on Long Island, a popular kayaking destination, which 
has five primitive campgrounds and hiking trails. Because of shallow water depths, large tidal ranges, 
swift currents, frequent high winds, and changeable weather patterns in the bay, recreational boating 
opportunities are limited. Paddling (kayaking, canoeing) mostly occurs in shallow waters near shorelines. 
The Willapa Bay Water Trail also provides extensive public recreation opportunities around Willapa Bay. 
While there are some opportunities to fish deeper channel waters for Dungeness crab and white sturgeon, 
these activities normally occur closer to a few public boat launch sites. Salmon fishing opportunities 
occur in the Willapa River at the north end of Willapa Bay. Recreational clamming within the bay is 
limited to public lands. Waterfowl hunting and wildlife viewing are primarily land-based and occur along 
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the dike and saltmarsh areas of the Refuge’s southern units and tidal flats adjacent to the Leadbetter Point 
unit (U.S. Department of the Interior, U.S. Fish and Wildlife Service 1997). 

 
Areas Protected By Federal, State, or Local Laws. In Willapa Bay, these areas include the Willapa 

Bay National Wildlife Refuge, the Willapa Bay Water Trail, and the Ellsworth Creek Preserve.  
 
Pristine Areas. Chemical concentrations in the sediments of Willapa Bay are not considered pristine. 

Ecology’s 303(d) list ranks Willapa Bay sediments as Category 2 for level of contamination.  
 

16. The legal location of aquatic lands proposed for use as or potentially affected by (or 
adjacent to) the proposed SIZ.  

 
The legal location of aquatic lands proposed for use as or potentially affected by (or adjacent to) the 

proposed SIZ will be provided each year in the Annual Operations Plan. 
 
17. The names and addresses of landowners of aquatic lands proposed for use as (or 
adjacent to) the proposed SIZ.  

 
The names and addresses of WHGOGA members who have participated in the burrowing shrimp 

Integrated Pest Management program since 2005 are listed in Table 1. This is the most current list 
available at this time. Participants may change during any given year and this would be reflected in the 
appropriate Annual Operations Plan for that year.  

 
Table 1. Current Participants in the Burrowing Shrimp Integrated Pest Management Program. 

Company Contact Person Address Phone # 

Bay Center Mariculture Co. Richard Wilson PO Box 356 360-875-6172 

Bay Center, WA 98527 

Coast Seafoods Co. Tim Morris PO Box 166 360-875-5557 

South Bend, WA 98586 

G.A. & Lila L. Wiegardt Dobby Wiegardt PO Box 305 360-665-4966 

Ocean Park, WA 98640 

Heckes Clams, Inc. John Heckes PO Box 1657 360-665-4371 

Ocean Park, WA 98640 

Jambor Oyster LLC. Nick Jambor 29 Holtz Rd. 360-875-5494 
South Bend, WA 98586 

Markham Oyster Inc. Dave Hollingsworth 20 Old Westport Rd.  360-648-0047 

Aberdeen, WA 98520 
Nisbet Oyster Co. Inc. David Nisbet PO Box 338 360-875-6629 

Bay Center, WA 98527 

Northern Oyster Co. Brian Sheldon PO Box 1039 360-665-2804 

Ocean Park, WA 98640 

Olsen & Son Oyster Co. Phil Olsen PO Box 905  360-875-5821 

South Bend, WA 98586 
R & B Oyster Co. Leonard Bennett PO Box 309  360-875-5324 

Bay Center, WA 98527 
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Stony Point Oyster Co. Don Gillies 6931 US Hwy 101 360-875-9964 

South Bend, WA 98586 
Taylor Shellfish Co. Eric Hall PO Box 76  360-665-5625 

Nahcotta, WA 98637 
Wiegardt & Sons Ken Wiegardt PO Box 309 360-665-4111 

Ocean Park, WA 98640 
Willapa Fish and Oyster Co. Eric Petit PO Box 524 360- 875-6549

South Bend, WA 98586 
Willapa Bay Shellfish Warren Cowell PO Box 43 360-665-4212 

Ocean Park, WA 98640 

 
Table 2 includes a list of all current WGHOGA members. Not all members are currently part of the 

Burrowing Shrimp Integrated Pest Management Program. 
 
Table 2. Current WGHOGA members. 

 
 

Company Address

Bay Center Mariculture P.O. Box 356 Bay Center, WA 98527
Belly Acres Clams/Oysters 2515 Bay Ave Ocean Park, WA 98640
Brady's Oysters, Inc. 3714 Oyster Pl. Rd. Aberdeen, WA 98520
Carol Wiegardt P.O. Box 336 Nahcotta, WA 98586
Coast Seafood's Co. POB 166 South Bend, WA 98586
Ekone Oyster Co. 29 Holtz Rd. South Bend, WA 98586
Heckes Clams P.O. Box 1657 Ocean Park, WA 98640
Heckes Oyster Co. P.O. Box 27 Oysterville, WA 98641
Herrold Fish & Oyster Co. 4109 St. Hwy 101 Ilwaco, WA 98624
Kemmer Oyster co. Inc P.O. Box 33 Ocean Park, WA 98640
Long Island Oyster Co. P.O. Box 1054 Long Beach, WA 98631
Lytle Seafoods Oyster Shack 1 Rock View Ln. Hoquiam, WA 98550
Markham Enterprises 20 Old Westport Rd. Aberdeen, WA 98520
Nisbet Oyster Co. P.O. Box  338 Bay Center, WA 98527
Northern Oyster Co. Inc. P.O. Box 1039 Ocean Park, WA 98640
Olsen and Son P.O. Box 905 South Bend, WA 98586
R&B Oyster Co. P.O. Box 309 Bay Center, WA 98527
Station House Oyster Co. P.O. Box 6 Chinook, WA 98614
Stony Point Oyster, Co. 6931 US Hwy 101 South Bend, WA 98586
Taylor Shellfish P.O. Box 76 Nahcotta, WA 98586
Wiegardt & Son P.O. Box 309 Ocean Park, WA 98640
Willapa Bay Fish and Oyster P.O. Box 524 South Bend, WA 98586
Willapa Bay Shellfish 27718 Sandridge Rd. Ocean Park, WA 98640
Willapa Resources P.O. Box 365 Ocean Park, WA 98640
Wilson Oyster Co. P.O. Box 236 Ocean Park, WA 98640
Dobby Wiegardt P.O. Box 305 Ocean Park, WA 98640
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Appendix B includes two tables of names and addresses. Table B-1 is a list of names and addresses of 
aquatic landowners with property immediately adjacent to shellfish beds that may be treated with 
imidacloprid. Table B-2 is a list of names and addresses of landowners with upland property that is 
adjacent to shellfish beds that may be treated with imidacloprid. 

 
18. Demonstrate that the discharge meets all known, available and reasonable methods of 
prevention, control and treatment (AKART).  
 

Extensive work has been done on potential alternatives to use of chemical insecticides to control 
burrowing shrimp. These include various mechanical measures, shellfish culture practices, non-
insecticide chemical use, and biological controls. None of these methods, except the use of carbaryl and 
imidacloprid, has been shown to effectively control burrowing shrimp on commercial shellfish beds in a 
manner that could reasonably be implemented on the large scale of commercial shellfish grounds in 
Willapa Bay. Despite this, efforts will continue to find alternatives to chemical control of burrowing 
shrimp, and an Integrated Pest Management Plan has been developed to serve this purpose. The 
Integrated Pest Management plan will serve as AKART for this permit. This plan, along with the 
restrictions in place in the NPDES permit and FIFRA registrations, will help determine appropriate pest 
management methods, set action thresholds, incorporate principles of IPM, and help reduce pesticide use. 
These restrictions and best management practices (BMPs) include limitations such as the frequency with 
which a shellfish bed may be sprayed, environmental conditions during spraying, human health and safety 
measures, monitoring requirements, and public notification of spray events. An Environmental Impact 
Statement (EIS) was required by Ecology as part of the SEPA documentation for the issuance of a 
NPDES permit. This EIS outlines the restrictions and BMPs in more detail. 

 
19. Describe best management practices (BMPs) that will be implemented to minimize 
impacts. 
 

The FIFRA Registrations include several “Application Instructions” that function as Best 
Management Practices. These include: 

 
• All ground (tidelands) to be treated must be properly staked and flagged to protect adjacent 
shellfish and water areas. For aerial applications, the corners of each plot must be marked so the plot is 
visible from an altitude of at least 500 feet. 

• A single application of imidacloprid per treated commercial shellfish bed at up to 0.5 pound 
active ingredient per acre (a.i./ac) is allowed per year. 

• The imidacloprid application rate shall not exceed 0.5 pound a.i./ac. 

• Aerial applications must be on beds exposed at low tide. 

• Applications from a floating platform or boat may be applied to beds under water (at periods 
other than low tide) using a calibrated granular applicator. 

• A 100-foot buffer zone must be maintained between the imidacloprid treatment area and the 
nearest shellfish to be harvested within 30 days when treatment is by aerial spray; a 25-foot buffer zone is 
required if treatment is by hand spray if the nearest shellfish bed is to be harvested within 30 days. 

• Drift potential is lowest between wind speeds of 3 to 10 mph. Accordingly, the average wind 
speed at the time of application is not to exceed 10 mph to minimize drift to adjacent shellfish and water 
areas when applied by air. 
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• Imidacloprid shall not be applied when winds are greater than 10 mph, during gusty conditions, 
or during temperature inversions. (Temperature inversions begin to form as the sun sets and often 
continue into the morning.) 

• Applications shall be made at the lowest possible height (by helicopter, ground or barge) that is 
safe for the operation and that will reduce exposure of the granules to wind. 

• When applications of Protector 0.5G (i.e., the granular form of imidacloprid) are made crosswind, 
the applicator must compensate for displacement by adjusting the path of the application equipment 
upwind. Swath adjustment distance should increase with increasing drift potential. 

• Helicopters used to apply either Protector 0.5G or Protector 2F shall be equipped to minimize 
spray drift. The best drift management strategy and most effective way to reduce drift potential is to apply 
large droplets that provide sufficient coverage and control. Droplet size can be controlled by using high 
flow-rate nozzles, selecting the number and type of nozzles, nozzle orientation, and controlling pressure 
appropriate for the nozzle type.  

• Aerial applications shall not be made on Federal holiday weekends. 

• Comply with the mixing and loading requirements of the FIFRA Registrations: use of a properly 
designed and maintained containment pad for mixing and loading of a pesticide into application 
equipment is recommended. If a containment pad is not used, maintain a minimum distance of 25 feet 
between mixing and loading areas and potential surface to groundwater conduits. 

• All mixers, loaders, applicators, and handlers must comply with the Personal Protective 
Equipment (PPE) specifications in the FIFRA Registrations: long-sleeved shirt and long pants; shoes plus 
socks; chemical-resistant gloves; chemical-resistant apron when mixing, loading, or cleaning up spills or 
equipment; protective eyewear; and a dust mask (when using Protector 0.5G). 

• Comply with the user safety recommendations of the FIFRA Registrations: wash hands 
thoroughly with soap and water before eating, drinking, chewing gum, using tobacco, or using the toilet. 

• Comply with the storage and disposal requirements of the FIFRA Registrations. 

 
20. Describe how the treatment acreage being proposed is the minimum practicable 
considering environmental effects, technical feasibility, and cost.  

 
Growers use an array of information to decide if and when they should treat a commercial shellfish 

bed. Before applying for treatment, they consider crop cycles, whether the bed can sustain the crop 
without loss, whether the bed needs to be treated to sustain the crop for the period of time it will occupy a 
bed, the life stage and infestation level of burrowing shrimp in the shellfish bed of concern, and other 
physical and biological conditions at each site. The assessment correlates directly to shrimp density and 
the activity of the burrowing shrimp that are present. If a few shrimp are causing lots of sediment 
perturbation, the crop will begin to be lost immediately after planting. If a grower determines that a bed 
needs to be treated to protect their crop investment, they identify the bed on an application for treatment. 
The bed will then be assessed by Ecology based on the inspection method specified in the permit. 

 
The treatment acreage being proposed differs from the carbaryl 2006 permit (WA 0040975) in total 

tideland acreage that could be treated each year, and includes treatment of areas primarily grown with 
commercial clams as well as areas primarily grown with commercial oysters.  Growers report that the 
800-acre total allowance (Willapa Bay and Grays Harbor combined) under the carbaryl permit was not 
sufficient in years when there was significant recruitment of burrowing shrimp. Some beds that met the 
treatment threshold of 10 burrows per square meter went untreated. Growers had to adjust their treatment 
plans to focus only on areas primarily grown for oysters and most in need of treatment. Burrowing shrimp 
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populations are cyclic and are currently beginning to greatly increase in numbers. The purpose for the 
larger acreage requested under the imidacloprid permit is to address this current trend of high recruitment, 
the inclusion of areas primarily grown with commercial clams to the tidelands authorized for treatment, 
and what currently appears to be the reduced effectiveness of imidacloprid compared to carbaryl. Growers 
anticipate that, at least initially, it may be necessary to treat beds more frequently with imidacloprid to 
protect the same areas (personal communication with a WGHOGA member, May 28, 2014).  

 
Growers seek flexibility through the larger annual treatment area in Willapa Bay under the 

imidacloprid permit (up to 1,500 acres in Willapa Bay) compared to the carbaryl permit (up to 600 acres) 
in order to evaluate the need for treatment on selected beds. The larger acreage would allow them to defer 
some treatments to subsequent years with the knowledge that the overall allotment should be sufficient to 
cover varying annual needs throughout the actively-farmed tidelands. Some portion of the actively-
farmed tidelands would likely never be treated, and portions of some beds included in the estimate of 
actively-farmed tidelands are not useable. For lands that are treated, the treatment timing and frequency 
will be determined on a site-specific basis depending on shrimp infestation levels, efficacy of 
imidacloprid treatments, and physical and biological characteristics of the commercial shellfish beds  

 
Some areas commercially grown with clams have either functioned directly as areas primarily grown 

for oysters in the past, or have oysters as a secondary crop. With low burrowing shrimp recruitment over 
the past 10 years or so, it has been possible to farm some of these beds without shrimp control. However, 
due to the large recent recruitments of burrowing shrimp in Willapa Bay, growers are now also seeing 
high shrimp densities in areas primarily cultivated with clams. The threshold for treatment in areas 
commercially grown with clams is reportedly the same as in areas commercially grown with oysters. 
Growers report that they begin to lose areas primarily or exclusively grown with clams at the same shrimp 
density as the threshold within areas where oysters are grown; i.e., at 10 adult burrows per square meter 
(personal communications with WGHOGA members, May 28, 2014, July 30, 2014, and July 31, 2014). 
Efficacy on areas commercially grown with clams would be monitored and assessed the same as areas 
commercially grown with oysters, based on burrowing shrimp density following treatment.  

 
 

21. Propose a SIZ closure plan.   
 
WGHOGA will put in place a SIZ closure plan to demonstrate that the Willapa Bay SIZ has 

demonstrated recovery from using imidacloprid to control burrowing shrimp populations in commercial 
shellfish beds. The regulations outlined in WAC 173-204-415(5) and WAC 173-204-415(6)(b) explain 
the regulations that allow Ecology to close a SIZ and trigger the SIZ closure plan. The regulations state 
that Ecology may require closure of the SIZ if the SIZ maintenance standards are being violated, or if 
Ecology determines that the SIZ is no longer needed in order to meet State Sediment Management 
Standards. This closure plan will be based on natural recovery and monitoring of the SIZ and will 
ultimately be similar to the ongoing monitoring required by the proposed NPDES permit. It will include 
sampling location(s) in Willapa Bay to determine if there have been ongoing effects of imidacloprid on 
the invertebrate communities. This will entail sampling and analysis of benthic invertebrates, surface 
water quality sampling, and sediment sampling to determine the level of persistence of imidacloprid in the 
sediment. Details regarding methods to be used and length of time to monitor will be consistent with the 
requirements of the NPDES permit.  
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Appendix B 



Current Owner Zip Code
ADAIR, ROBERT Q 58 MILL RANCH ROAD NASELLE, WA 98638
AHLSTROM, TIMOTHY & KATHRYN P O BOX 375 BAY CENTER, WA 98527-
ALBERTSON, MARK JEFFREY 5949 S SCHOONER PL BOISE, ID 83716-9091
ALLRED, SHALOM C ET AL 95 S 100 W TOOELE, UT 84074-
ANDERSON, JOHN W & MARTHA K & SARAH J 0819 SW PENNOYER ST PORTLAND, OR 97239-4401
ARISS, GREGORY D 7 SUNRISE COURT MONTESANO, WA 98563-
AVILA, JOHNNY R & KIMBERLY S 3939 14TH COURT NE OLYMPIA, WA 98506-
B & B PROPERTIES FAMILY LTD PART 1357 GRUHN ROAD RAYMOND, WA 98577-9684
B & R OYSTERS LLC P O BOX 309 BAY CENTER, WA 98527-
BAILEY, BARBARA P P O BOX 217 OCEAN PARK, WA 98640-
BAY CENTER MARICULTURE CO P O BOX 356 BAY CENTER, WA 98527
BEEBE, FRANK R ET AL 12208 GREENWOOD AVE N SEATTLE, WA 98133-
BENDIKSEN, E H CO INC 12351 LAKE CITY WAY NE STE 103SEATTLE, WA 98125-5437
BENNETT, MARK F & CHAMBERS, CRISTEN 3334 NE DAVIS STREET PORTLAND, OR 97232-
BERNARD, KEVIN & ELEANOR 2732 NE BRAZEE CT PORTLAND, OR 97212-
BETCHER, IRENE L 2210 NE 284TH AVENUE CAMAS, WA 98607-
BOND, DENNIS & MARY/TRUSTEES P O BOX 101 MANCHESTER, WA 98353
BROOKS, J X 45146 NW DAVID HILL RD FOREST GROVE, OR 97116-7529
CASCADE LAND CONSERVANCY 901 5TH AVENUE STE 2200 SEATTLE, WA 98164-
CASWELL, ROBERT W & MARILYN V 25204 SANDRIDGE ROAD OCEAN PARK, WA 98640
CASWELL, EDWIN W JR TRUSTEE 10855 SW BUTNER ROAD PORTLAND, OR 97225-
CHRISTENSON, MARGARET J/TRUSTEE PO BOX 539 OCEAN PARK, WA 98640
CLARK, VICKIE W & BROOKS, KENN P O BOX 225 TOKELAND, WA 98590-
COAST SEAFOODS COMPANY 14711 NE 29TH PLACE #111 BELLEVUE, WA 98007
COOK, FRED W & PATRICIA E 8242 SW SAND RIDGE RD TERRABONNE, OR 97760-9270
COOPER, PAULA & PRESTON, BUCK P O BOX 94 OCEAN PARK, WA 98640-
COUSINS, TERRY 6200 GLENWOOD RD SW PORT ORCHARD, WA 98367-7012
COWELL, WARREN EUGENE PO BOX 43 OCEAN PARK, WA 98640-
CRUMET, LARRY & MOLLY S 2625 GARFIELD RD SPOKANE, WA 99203
DANIELSON, RUTH PO BOX 2137 PISMO BEACH, CA 93448-

Mailing Address
Table B-1. Names and addresses of aquatic landowners with property adjacent to shellfish beds.



DAVIS, MICHAEL B/TRUSTEE 507 TAHOS RD ORINDA, CA 94563-
DAVIS, JOCELYN U/TRUSTEE 26404 SANDRIDGE RD OCEAN PARK, WA 98640
DOWNER, CYNTHIA K 30510 SANDRIDGE RD OCEAN PARK, WA 98640
DRISCOLL, DANIEL ALAN P O BOX 6 OYSTERVILLE, WA 98641-
DRISCOLL, VIRGINIA ANN P O BOX 862 ILWACO, WA 98624
EIDEN, JOHN M ET AL P O BOX 594 WHITE SALMON, WA 98672-
EITREIM, ERIC C 5511 52ND AVENUE SOUTH SEATTLE, WA 98118-
ESCANO, GLORIA G 3204 SOUTH KENYON STREET SEATTLE, WA 98118
ESVELDT, GEORGE & BETTY 7554 26TH AVE NW SEATTLE, WA 98117-4423
EVANS, RANDALL C & JENEEN A 13 TORPPA ROAD NASELLE, WA 98638-8544
FOSSE, DORWIN N & DELORES P O BOX 560 SOUTH BEND, WA 98586
FOSTER, EILEEN 25 OLD BEACON RD MONTESANO, WA 98563
FRANKS, MIKE 7980 STATE HIGHWAY 97A WENATCHEE, WA 98801-
FRESHLEY, CHRISTOPHER J & GLORIA 3944 SW 36TH PLACE PORTLAND, OR 97221
GABRYCH, EUGENE 2006 OLD HIGHWAY 395 FALLBROOK, CA 92028
GIBSON FAMILY REVOCABLE LIVING T P O BOX 733 OCEAN PARK, WA 98640
GLENN, FRANK O III & CAROL L 3204 113TH LANE LONG BEACH, WA 98631
GOLLINGS, KENNETH & RITA 30304 SANDRIDGE RD OCEAN PARK, WA 98640-5105
GOODELL, STANLEY A ET UX P O BOX 594 OYSTERVILLE, WA 98641-
GRASSY ISLAND CLAM FARMS LLC P O BOX 1039 OCEAN PARK, WA 98640-
GRAVES, DONALD A & JO ANN TRUST 635 SNEAD DRIVE N KEIZER, OR 97303-
GREINER, ALAN P O BOX 89 NAHCOTTA, WA 98637
GRIFFIN, BARRY A ET AL 55 ELIOT ST APT 44 JAMAICA PLAIN, MA 02130-2762
HANCOCK, MRS BILL 2644 W LAKE SAMM PKWY SE BELLEVUE, WA 98004
HANNA, LAWRENCE ET UX 2645 LILLY RD NE OLYMPIA, WA 98506
HANSELMAN, LUCY/TRUST PO BOX 68 UKIAH, OR 97880-0068
HARBOR ROCK INC P O BOX 246 SOUTH BEND, WA 98586-
HAWTHORNE, DAVID R P O BOX 421 TOKELAND, WA 98590-
HAYWARD PROPERTIES LLC 1223 SPRING STREET #901 SEATTLE, WA 98104-
HECKES, JOHN P P O BOX 1657 OCEAN PARK, WA 98640-
HECKES, PETER & JOHN P O BOX 27 OYSTERVILLE, WA 98641
HENDERSON, PATRICIA P O BOX 206 GLENEDEN BEACH, O97388-
HERROLD, JOHN & ROY 4109 STATE ROUTE 101 ILWACO, WA 98624



HILL, ARNOLD P & DOROTHY BOX 1428 SOUTH BEND, WA 98586-
HOOD, CAREY D P O BOX 64 NAHCOTTA, WA 98637
J L LEDGETT LOGGING CO INC BOX 400 KALAMA, WA 98625
JAMBOR, NICK H & JOANNE S 29 HOLTZ ROAD SOUTH BEND, WA 98586-
JENSEN, ERIC S 905 N BALDWIN STREET PORTLAND, OR 97217
JOHNSON, THOMAS & WATERS, ERIC P O BOX 19072 PORTLAND, OR 97280-
KAUFFMAN, BRUCE E & MARY J P O BOX 353 OCEAN PARK, WA 98640-
KELLY, JOHN 1151 GOULD ROAD GRAYLAND, WA 98547-
KEMMER, JAMES L P O BOX 1054 LONG BEACH, WA 98631-
KEMMER, JAMES J & ANDREA P O BOX 6 CHINOOK, WA 98614-
KEMMER, LARRY L 110 STRINGTOWN ROAD ILWACO, WA 98624-
KEMMER, ROBERT BRIAN JR P O BOX 33 OCEAN PARK, WA 98640-0033
KISFISH INC P O BOX 376 BAY CENTER, WA 98527-
KRUEGER, GARY 712 SE 7TH AVE PORTLAND, OR 97214-2226
LAGERGREN, ELLEN & KELLER, RANDY & RUS122 COWAN STREET ABERDEEN, WA 98520-
LAMPMAN, WILLIAM G 29304 JOY LANE OCEAN PARK, WA 98640
LANTER, ROBERT G 172 MOCKINGBIRD BURKEVILLE, TX 75932-2240
LEDGETT, J L LOGGINS CO INC P O BOX 400 KALAMA, WA 98625
LEIGH, ELLEN P O BOX 1505 BATTLE GROUND, WA98604-1505
LESTER, JOHN HAMILTON & LINDA P O BOX 62 NAHCOTTA, WA 98637-
LYNN POINT HOMEOWNERS ASSOC P O BOX 447 BAY CENTER, WA 98527-
MANSFIELD, CAROL ANN 6021 FAUNTLEROY WAY SW UNIT SEATTLE, WA 98136-3605
MASINGALE, GARY D 7295 E JUANITA AVE MESA, AZ 85209-4117
MAYFIELD, JULIE TRUSTEE 11519 NE 29TH ST VANCOUVER, WA 98682-8729
MAYKO, MARK J & PATRICIA 7432 SW MILES PL PORTLAND, OR 97219-3087
MAYNER, WILLIAM F & ERNIE D 25010 SANDRIDGE ROAD OCEAN PARK, WA 98640
MC DONALD, ABBY L TRUSTEE 35570 BARNUM ROAD SANDY, OR 97055-
MOBY DICK CORPORATION P O BOX 82 NAHCOTTA, WA 98637
NAIDITCH, ROBERT L 5 NORTH HWY 101 #279 WARRENTON, OR 97146-
NAKONECHNY, LYLE PO BOX 500 OCEAN PARK, WA 98640-
NELSON, GEORGE W II 3508 299TH LANE OCEAN PARK, WA 98640-4904
NEW WASHINGTON SHELLFISH LLC PO BOX 1356 OCEAN PARK, WA 98640-1356
NISBET, DAVID H & MAUREENE E P O BOX 338 BAY CENTER, WA 98527-



NIVEN, WILLIAM J ET UX/TRUSTEES 215 HAMES ROAD WATSONVILLE, CA 95076-
O'CONNOR, BRIAN & RENEE 24608 SANDRIDGE RD OCEAN PARK, WA 98640-
OGILVIE, ROBERT & RODNEY & RICH 4202 TRESIZE ROAD RAYMOND, WA 98577-
O'LEARY, DAVID F 4017 24TH PL S SEATTLE, WA 98108
OLSEN & SON OYSTER COMPANY INC P O BOX 905 SOUTH BEND, WA 98586-
PACIFIC COUNTY 300 MEMORIAL DRIVE SOUTH BEND, WA 98586-
PATTEN, KIM DAVID & ANDREA G 18306 SANDRIDGE ROAD LONG BEACH, WA 98631
PEA, ANNA KATHLEEN P O BOX 798 SOUTH BEND, WA 98586
PENNY, MARIETTA F 218 O STREET SW QUINCY, WA 98848-1691
PETIT, NORRIS A & MAUREEN A P O BOX 811 SOUTH BEND, WA 98586-
PETIT, ERIC W P O BOX 524 SOUTH BEND, WA 98586-
PORT OF PENINSULA 3311 275TH STREET OCEAN PARK, WA 98640
PRESTON, BUCKLEY CHARLES & PAULA JEAN P O BOX 94 OCEAN PARK, WA 98640-
PUBLIC UTILITY DISTRICT #2 P O BOX 472 RAYMOND, WA 98577-
RANTANEN, RITVA H VANCOUVER BC CANADA V6J 4V1
READ, CARL ET UX 1400 NE 18TH AVENUE BATTLE GROUND, WA98604-
REX LAND CO. PO BOX 569 REDMOND, WA 98073-
RHOADES, CARLTON L 35 SO BROADWAY #1 TACOMA, WA 98402-4100
ROBERT, SALLY A 108 BELVEDERE DRIVE MILL VALLEY, CA 94941-2420
ROTH, STEPHEN A & JEAN 13363 SW IRON MOUNTAIN BLVD PORTLAND, OR 97219-
RUSSELL, ERIC 34671 N US HIGHWAY 101 LILLIWAUP, WA 98555-9760
SADLER, ERNEST J & ANN T 18716 SANDRIDGE ROAD LONG BEACH, WA 98631-
SCHREIBER, CORY & PAMELA 1640 SE 59TH AVENUE PORTLAND, OR 97215-
SETON, JOHN 4315 SW WESTDALE PORTLAND, OR 97221-
SETON, WALDEMAR III ET AL 47202 EL AGADIR PALM DESERT, CA 92260-5806
SHELDON, RICHARD N & RUTH ET AL BOX 365 OCEAN PARK, WA 98640
SHELDON, BRIAN & MARILYN P O BOX 1039 OCEAN PARK, WA 98640-1039
SHIELS, WILLIAM E 15020 BEAR CREEK RD NE WOODINVILLE, WA 98072
SHOALWATER BAY INDIAN TRIBE P O BOX 130 TOKELAND, WA 98590-
SHOTWELL, STEVEN & ANDREA 190 N NEMAH RD E SOUTH BEND, WA 98586-
SHOTWELL, SUSAN & CROSSON, RON 2310 LASHI STREET SE OLYMPIA, WA 98513-
SMITH, ROBERT E & PATRICIA A TRUSTEES 1888 WILT ROAD FALLBROOK, CA 92028-
SOULE, ERNEST L & YVONNA K 24208 SANDRIDGE ROAD OCEAN PARK, WA 98640-



STACKPOLE HARBOR OYSTER LLC P O BOX 1039 OCEAN PARK, WA 98640-
STATE OF WASHINGTON P O BOX 42650 OLYMPIA, WA 98504-
STATE OF WASHINGTON P O BOX 1709 VANCOUVER, WA 98668-
STATE OF WASHINGTON/DNR P O BOX 47000 OLYMPIA, WA 98504
STATE OF WASHINGTON/FISH & WILDLIFE 600 CAPITOL WAY N-F11 OLYMPIA, WA 98501-1091
STEVENS, NYEL L & SYDNEY M P O BOX 2 OYSTERVILLE, WA 98641
STONY POINT OYSTER COMPANY LLC 7500 US HWY 101 SOUTH BEND, WA 98586-
STUART, CHARLES H & JEFFREY D 2651 TANDY TURN EUGENE, OR 97401-
SWALLOW, JOSEPH G & SHARON M 27863 S MERIDIAN ROAD AURORA, OR 97002-
SWANTEK, CHRIS 201 SOUTH ADAMS HOQUIAM, WA 98550-
SZYMANSKE, MILDRED B TRUSTEE 5548 N AGAAVE DR TUCSON, AZ 85704-
TAYLOR, MICHAEL W & KELLEE L TRUSTEES 4412 SE 185TH CT VANCOUVER, WA 98683-
TAYLOR RESOURCES INC 130 SE LYNCH RD SHELTON, WA 98584-
UNDERWOOD, CONNIE 1502 266TH PL OCEAN PARK, WA 98640-
VENDURE LIMITED PARTNERSHIP 240 JEROME STREET SILVERTON, OR 97381-
WAAGE, SHERYL ANN 9953 SE 32ND ST MILWAUKIE, OR 97222
WACHSMUTH, CHESTER N JR & CAROL 3380 SE 9TH AVENUE PORTLAND, OR 97202
WEST, PETER 7311 SE YAMHILL STREET PORTLAND, OR 97215
WESTERN OYSTER CO 1828 4TH ST KIRKLAND, WA 98033-
WESTLUND, EVONNA & TRAPP, DIANNA & MEY701 SOUTH ANDRESEN ROAD VANCOUVER, WA 98661-
WIEGARDT, FREDERIC W & CHIKAKO T P O BOX 366 OCEAN PARK, WA 98640-
WIEGARDT, CAROLE P O BOX 1 NAHCOTTA, WA 98637
WIEGARDT, KENICHI T P O BOX 1356 OCEAN PARK, WA 98640-
WIEGARDT, GUSTAVE A JR & LILA L P O BOX 305 OCEAN PARK, WA 98640
WILLIAMS, ROBERT D & DEIDRE H PO BOX 68 NAHCOTTA, WA 98637-
WILSON, CHARLES GARY TRUSTEE P O BOX 4 NAHCOTTA, WA 98637-
WOOD, ROBERT R P O BOX 1313 VANCOUVER, WA 98666
WOOLLEY, BEVERLY L 100 SE 47TH ST PORTLAND, OR 97215-
YOUNG, DONALD B & CAROL L P O BOX 47 NAHCOTTA, WA 98637



Name Address
Pacific County 300 Memorial Drive, South Bengh, WA 98586
Forterra 901 5th Ave Ste 2200, Seattle, WA 98164
Rose Ranch LLC 9847 US Hwy 101, South Bend, WA 98586
James Green PO Box 415, Neskowin, OR 97149
Irene Betcher 2210 NE 284th Ave, Camas, WA 98607
Fruit Growsers Supply Company PO Box 10352 Van Nuys, CA 91410-0352
Bradley and Geraldine Harden 7601 US Hwy 101 South Bend, WA 98586
Joseph and Janine Strauel 3609 SW 388th Pl, Federal Way, WA 98023
Senja Edwards 7484 US Highway 101, South Bend, WA 98586
Sally Gillies 7500 US Hwy 101, South Bend, WA 98586
Harbor Rock, Inc. PO Box 246, South Bend, WA 98586
Frederick and Janice Kulczycki 136 Wilson Lane, South Bend, WA 98586
Joni Korpenfelt 6915 N Knowles Ave, Portland, OR 97217D
Albert and Jocelyn Bangi 8747 Colony Lane SE, Tenino, WA 98589
Robert Kycek 4840 Grand Fir Lane NW, Olympia, WA 98502
Sally Gillies 7500 US Hwy 101, South Bend, WA 98586
John Hancock Life Insurance Co c/o 
Hancock Forest Mgmt Inc 17700 SE Mill Plain Blvd #180, Vancouver, WA 98063-9777
Timothy and Melinda Leahey 14918 Sandridge Road, Long Beach, WA 98631
Kate Rae 23804 NE 182nd Avenue, Battle Ground, WA 98604
James and Carolyn Hopkins PO Box 1512 Ocean Park, WA 98640-1512
William and Beverly Rupp, Heron's 
Beak Trust PO Box 1130, Ocean Park, WA 98640
Robert Klein 1804 Nelson Road, Raymond, WA 98577
Lowell Bridges 112 North G Street, Aberdeen, WA 98520
Phillip and Clara Hawks PO Box 412, Bay Center, WA 98527
Wendy Jane Horn 1312 Boone Street SE, Lacey, WA 98503

Fred and Nichola Goodin PO Box 865, South Bend, WA 98586
Stephen and Karen Clarke PO Box 1640 Long Beach, WA 98631
Ronald Barclay PO Box 1109, Long Beach, WA 98631-1109

John Stephens and Stephen McCormick PO Box 93, Nahcotta, WA 98637
Robert and Annette Seaman 2976 Westgate Avenue, San Jose, CA 95125-4126
Charles W Lyons 777 Willapa First St, Raymond, WA 98577-9499
Einar and Turid Opedal 18414 70th St Ct KPS, Longbranch, WA 98351-9690
Dag Weiser and Jessica Frame 1426 Hecker Pass Road, Watsonville, WA 98520
Michael and Karen Wilsey 647 9th Court, Fox Island, WA 98333-9669
Laurine Wiegardt 87870 Highway 202, Astoria, OR 97103
Stanley and Nancy Goodell PO Box 594, Oysterville, WA 98641
Theresa McCasland, Trustee 7575 S Elkhorn Mtn, Littleton, CO 80127-3822
Scott and Susan Doten 4125 Madrona Way North, Tacoma WA 98407

Table B-2. Names and addresses of landowners with upland property adjacent to shellfish beds.




