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EXECUTIVE SUMMARY 

LimnoTech is supporting the United States Fish & Wildlife Service (USFWS) and the Wisconsin 

Department  of Natural Resources (WDNR) in the evaluation of Pickle Pond as a potential Remediation to 

Restoration (R2R) site in the St. Louis River Area of Concern (SLRAOC).  Located in Superior, Wisconsin, 

Pickle Pond is a 9-acre sheltered bay adjacent to Barkerôs Island and Marina. Historical data shows that 

Pickle Pond has legacy sediment contaminants of unknown origin that may be contributing to water 

quality and habitat degradation. Remediation of the contaminated sediments and restoration of the fish 

and wildli fe habitat in Pickle Pond could greatly improve the natural resources of the area and contribute 

to the overall goals of removing BUIs and delisting the SLR AOC. Specifically, habitat improvement in 

Pickle Pond would contribute 9 acres towards the goal of rehabilitating 1,700 acres of degraded aquatic 

habitat throughout the SLRAOC for removal of BUI 9 (Loss of Fish and Wildlife Habitat).   

Pickle Pond receives stormwater discharges from the City of Superiorôs storm sewer system.  A nearby 

active rail yard, Highway 2 and a nearby recreation trail and mowed park also contribute stormwater 

runoff to Pickle Pond.  Two openings in the unused rail line separating Barkerôs Bay and Pickle Pond 

permit hydrologic exchange between the two waterbodies.  To gain a better understanding of the water 

quality in Pickle Pond and Barkerôs Bay, as well as the potential for hydrologic exchange between them 

prior to any restoration activities, LimnoTech conducted a baseline environmental evaluation in the 

summer of 2013.  Water quality samples were collected from three stations in Pickle Pond and two 

stations in Barkerôs Bay on three occasions.  Water levels sensors were also installed in each waterbody in 

order to estimate the temporal changes in surface water elevation throughout the summer.  Additionally, 

a flow meter was installed in the largest stormwater outfall discharging into Pickle Pond to gain an 

understanding of the volume of stormwater inputs.  An assessment of the vegetation and 

macroinvertebrate communities were also conducted.  Cumulatively, these results were used to develop 

three restoration alternatives for Pickle Pond.  

Pickle Pond has elevated total phosphorus concentrations (40.5-98.5 µg/L) that may be delivered through 

stormwater inputs as indicated by limited s tormwater data from the City of Superior.  The central portion 

of Pickle Pond had consistently higher total dissolved solids relative to the other sampling locations and 

was consistent with high TDS measured in stormwater discharge. Dissolved oxygen in surface samples 

ranged from 7-10 mg/L throughout the summer and chlorophyll a was < 9.6 µg/L in all water samples. 

Changes in water surface elevation were comparable between Pickle Pond and Barkerôs Bay, but indicated 

a fair amount of exchange between them, which is primarily driven by seiche effects in Lake Superior.  

A stakeholder team consisting of WDNR, USFWS, City of Superior, and BNSF Railroad met on three 

occasions to evaluate the conditions in Pickle Pond and to shape the restoration alternatives. Through 

that process, three restoration alternatives were identified and evaluated.    A preferred alternative was 

determined through stakeholder discussion, which is a hybrid of the initial three alternatives.  The 

preferred alternative consists of restoratio n of Pickle Pond, which includes removal of contaminated 

sediments and habitat enhancement, as well as installation of watershed controls to reduce stormwater 

pollutants .  
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1  
INTRODUCTION  

Pickle Pond has been identified as a potential Remediation and Restoration site in the St. Louis River 

Area of Concern 2013 Remedial Action Plan (MPCA and WDNR 2013). Therefore, LimnoTech was 

contracted by the United States Fish and Wildlife Service (USFWS) in partnership with the Wisconsin 

Department of Natural Resources (WDNR) to conduct a baseline environmental evaluation of Pickle Pond 

in Superior, Wisconsin.  Based on the site evaluation, a set of three restoration alternatives were 

developed. The results of this study are presented in the following sections. 

1.1 Background 

Pickle Pond is a backwater pond adjacent to Barkerôs Bay in Superior, Wisconsin (Figure 1.1).  Bordered 

on the north by a currently  unused section of railroad line owned by Burlington N orthern Sante Fe 

(BNSF), an active rail yard to the southeast and Highway 2 East on the south, Pickle Pond is 

approximately 2,800 feet long, an average of 140 feet wide, and encompasses roughly 9 acres in surface 

area.  Two openings in the old railroad lin e permit hydrologic exchange between Pickle Pond and Barkerôs 

Bay. Most of the land surrounding Pickle Pond is owned by BNSF or the City of Superior (Figure 1.2).  

Historical information for the project area is limited. However, a few details are available  in the St. Louis 

River System Remedial Action Plan Stage One that was developed by the St. Louis River Citizens Action 

Committee SLRCAC (1992). Barkerôs Island was constructed from dredged material in the late 1800ôs. The 

area surrounding Pickle Pond and Barkerôs Island has been identified as an important fish spawning and 

colonial bird nesting site (SLRCAC 1992). Pickle Pond receives stormwater discharges from the City of 

Superiorôs storm sewer system.  There are multiple outfalls, with a 60 -inch outfall draining into the 

southeast end of Pickle Pond as the largest. Available data indicate that the sediments contain elevated 

levels of heavy metals and polycyclic aromatic hydrocarbons (PAHs), particularly in the southeast end of 

the pond (LimnoTech 2012).   

As a result of the intense development and disturbance, multiple stressors are likely contributing to 

several beneficial use impairments (BUIs) in Pickle Pond. The following BUIs may be applicable to Pickle 

Pond (Limno Tech 2012): 

¶ Fish Consumption Advisories (BUI 1);  

¶ Degraded Fish and Wildlife Populations (BUI 2);  

¶ Fish Tumors and Other Deformities (BUI 3);  

¶ Degradation of Benthos (BUI 4);  

¶ Excessive Loading of Nutrients and Sediments (BUI 6); and 

¶ Loss of Fish and Wildlife Habitat (BUI 9) . 

Pickle Pond was identified as a potential Remediation to Restoration (R2R) site within the St. Louis River 

Area of Concern (AOC) by the AOC coordinators and partners from multiple agencies and institutions.  

Specifically, habitat improveme nt in Pickle Pond would contribute to the goal of rehabilitating 1,700 acres 

of degraded aquatic habitat for  BUI 9 removal (LimnoTech 2013).  Remediation of the contaminated 

sediments and restoration of the fish and wildlife habitat in Pickle Pond could greatly improve the natural 
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resources of the area and contribute to the overall goals of removing BUIs and delisting the SLR AOC 

(LimnoTech 2013).    

1.2 Project Objectives 

As mentioned above, Pickle Pond has been identified as a R2R site that can contribute to BUI removal and 

the delisting of the SLR AOC if sediments are remediated and fish and wildlife habitat is improved. The 

first phase this project involved a  baseline evaluation of the physical, chemical and biological 

characteristics in Pickle Pond and development of restoration alternatives based on the findings.  

Subsequent phases may include evaluation of the feasibility of the selected restoration design with 

consideration of remedial actions. Specifically, the objectives of this project were to provide support to the 

USFWS and WNDR to determine the following : 

¶ Water quality and flow monitoring of the site and the surrounding area ; 

¶ Vegetation community assessment; 

¶ Benthic macroinvertebrate community assessment; 

¶ Measurement of soft sediment thickness; 

¶ Site-level watershed assessment; and 

¶ Design of conceptual restoration alternatives. 

 

Figure 1.1. Location of Pickle Pond.  
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Figure 1.2. Land parcel ownership near Pickle Pond.  
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2  
WATER QUALITY SAMPLING, WATER LEVEL 

& FLOW MONITORING 

Hydrologic circulation between Pickle Pond and Barkerôs Bay is controlled two openings in the railroad 

line that borders the two waterbodies. Expansion of the openings may improve hydrologic exchange 

between Pickle Pond and Barkerôs Bay (LimnoTech 2012). However, efforts to enhance circulation 

between the two waterbodies could lead to increased loading of nutrients and contaminants to Superior 

Harbor from Pickle Pond , or vice versa, without mitigation of legacy  sediment contaminants and future 

pollutant loading to the pond. In order to evaluate the potential  for  pollutant exchange between Barkerôs 

Bay and Pickle Pond as a result  potential increased flow regime with restoration , LimnoTech conducted 

water quality sampling and monitored the water levels in Pickle Pond and Barkerôs Bay in the summer of 

2013. 

2.1 Water Quality Monitoring 

Water quality samples were collected at three stations in Pickle Pond and two stations in Barkerôs Bay 

during summer 2013 (Table 2.1; Figure 2.1).  In general, sampling occurred at the southeast end, center 

and northwest end of Pickle Pond (PPSE, PPC, and PPNW, respectively) and the northwest corner of 

Barkerôs Bay (BBNW) and southeast corner near the marina (BBSE).  Specific field sampling methods and 

the associated results are presented in the following sections. 

2.1.1 Field water quality measurements 

Field measurements for water quality parameters (temperature, pH, conductivity, turbidity , secchi depth 

and dissolved oxygen) were simultaneously collected from the same stations using a YSI Handheld Model 

650 attached to a Model 6820 multi -parameter probe on 6/6/2013, 7/2/2013, 8/1/2013 and 9/27/13. 

Water column measurements were collected from approximately 6ò below the water surface, midpoint 

depth, and approximately 1ô above the sediment surface.  The maximum water depth (Zmax) at each 

sampling location is shown in Table 2-1. 

Table 2.1. Coordinates and maxim um water depth (Zmax) of sampling stations in Pickle Pond and 
Barkerôs Bay (UTM Zone 15 in meters).  

Station X_UTM15 Y_UTM15 Zmax (ft) 

BBSE 572119.063 5174031.246 9.2 

BBNW 571685.394 5174504.804 6.7 

PPC 571874.102 5174179.041 2.6 

PPNW 571672.925 5174383.320 2.5 

PPSE 572074.571 5173968.855 2.0 
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Figure 2.1. Water quality  sampling locations in Pickle Pond and Barkerôs Bay. 
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Sampling stations showed intermittent, but very weak, thermal stratification throughout the summer .  

The largest variation in temperature with respect to sampling depth was in PPNW on 7/2/2014, where the 

surface and bottom measurements were 26°C and 22°C, respectively.  Temperature varied by 2C or less 

with depth any  other sampling station.  To simplify comparison of water quality samples among stations, 

samples were averaged across depth and date for each sampling location.  Individual measurements at 

each sampling location can be found in Table A-1. 

In Figures 2-2 through 2-7, the mean is represented by a closed circle, while the upper and lower bars 

represent the minimum and maximum observed values, respectively.  Little  variation was found among 

all sampling locations with respect to mean temperature (Figure 2-2), mean dissolved oxygen (Figure 2-3) 

or mean pH (Figure 2-4).  No clear pattern between surface temperatures in Pickle Pond and Barkerôs Bay 

on sampling dates throughout the summer, but the maximum observed temperature were found in Pickle 

Pond 

 

 

Figure 2.2. M ean temperature in Pickle Pond  and Barkerôs Bay. Circles represent the mean, while the 
upper and lower bars show the maximum and minimum measured  values, respectively. Individual 
values are shown in Table A1. 

Vertically, dissolved oxygen concentrations were approximately the same in Pickle Pond as the pond is too 

shallow to develop a stable thermocline or oxycline. In Barkerôs Bay, however, dissolved oxygen 

concentration was lower in the hypolimnion (Table A-1). The lowest dissolved oxygen measurements 

occurred on 8/1/2014 in BBSE and BBNW from Zmax (5.83 mg/L and 6.43 mg/L).   
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Figure 2.3. M ean dissolved oxygen  in Pickle Pond and Barkerôs Bay. Circles represent the mean, 
while the upper and lower bar s show the maximum and minimum measured  values, respectively.  
Individual values are shown in Table A1.  

 

 

Figure 2.4. Mean pH in Pickle Pond and Barkerôs Bay. Circles represent the mean, while the upper 
and lower bars show the maximum and minimum measured values, respectively.   Individual values 
are shown in Table A1.  

Mean conductivity was higher in Pickle Pond than in Barkerôs Bay (Figure 2-4). The highest maximum 

observed conductivity values were in the central portion of Pickle Pond (PPC) followed by the northwest 

station (PPNW). Deviations from a baseline condition or fluctuations in conducti vity over short time 

periods can point to inputs of pollutants from the watershed (EPA 2012). Higher conductivity in Pickle 

Pond relative to Barkerôs Bay could be influenced by the stormwater outfalls that discharge into Pickle 
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2012), so the higher values in Pickle Pond may also be a function of the higher maximum temperature 

observations in Pickle Pond.  Additionally, TDS in t he 60ò outfall was quite high (Table 2-2), which is 

likely also contributing to the higher conductivity in Pickle Pond relative to Barkerôs Bay. 

 

Figure 2.5. Depth integrated mean conductivity in Pickle Pond  and Barkerôs Bay. Circles represent 
the mean, while the upper and lower bars show the maximum and minimum measured  values, 
respectively.  Individual values are shown in Table A1.  

Mean turbidity was generally higher in Barkerôs Bay than in Pickle Pond (Figure 2-5). Turbidity  in 

freshwater is affected by a number of factors that include density of algae, suspended solids and dissolved 

organic matter  (Wetzel 2001).  Higher turbidity values in late summer relative to early summer are likely 

a function of increasing algal productivity  throughout the summer . Wisconsin does not have a numeric 

water quality standard for turbidity. In Minnesota, the numeric water quality standard for turbidity in 

waters classified for cool/warm water fisheries and recreation is  25 NTU (Minn. R. 7050.0222 ). No single 

turbidity value measured in Pickle Pond or Barkerôs Bay exceeded this criteria.  High t urbidity values in 

freshwater are often the result of excessive sediment loading from the watershed or dense algal blooms. 

These conditions would interfere with light transmission through the water column, which would have 

negative consequences for growth of the aquatic vegetation community.  Maximum observed TSS 

concentration in the 60ò outfall collected by the City of Superior was 233 mg/L.  Stormwater TSS 

concentration from the same outfall was 19 and 27 on 7/26/2013 and 8/5/2013, respectively.  The 

relatively  low turbidity values suggest that the suspended solids delivered to Pickle Pond through 

stormwater may be settling. In term s of habitat improvements, turbidity values measured in Pickle Pond 

suggest that the aquatic vegetation community may not be negatively affected by high turbid under 

current conditions . 
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Figure 2.6. Depth in tegrated mean turbidity in Pickle Pond  and Barkerôs Bay. Circles represent the 
mean, while the upper and lower bars show the maximum and minimum measured  values, 
respectively.  Individual values are shown in Table A1.  

Secchi disk values were spatially and temporally variable (Figure 2-7).  Note that secchi depth reached the 

bottom on multiple dates in Pickle Pond (Table A -1), so water clarity as measurement by secchi depth is 

actually somewhat under-represented. Higher secchi disk depth in Pickle Pond compares reasonably well 

to the lower turbidity values observed there. Similarly, the lower secchi depth values observed in Barkerôs 

Bay is consistent with the higher mean turbidity measures observed at comparable stations. 

 

Figure 2.7. Mean secchi disc depth. Circles represent the mean, while the upper and lower bars show 
the maximum and minimum measured  values, respectively.  Individual values are shown in Table A1.  

End-of-pipe measurements in the 60ò stormwater outfall (OT3A0251) were collected concomitantly with 
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measured on 7/2/2013, water quality measurements in the pipe and the pool were somewhat comparable. 

Conductivity values increased throughout the summer, which is consistent with higher conductivity in 

Pickle Pond as compared to Barkerôs Bay. 

Table 2.2. End of pipe water quality mea surements taken from Outfall OT3A0251  entering Pickle 
Pond.  

Outfall ID Date Location 
Temperature 

(°C) 
Conductivity 

(µS/m) 
pH 

DO 
(mg/L) 

Turbidity 
(NTU) 

OT3A0251 6/6/2013 pipe 7.66 477 7.75 11.83   

OT3A0251 7/2/2013 pipe 14.34 589 8.2 11.58 7.7 

OT3A0251 7/2/2013 pool 13.47 614 8.23 11.33 12.8 

OT3A0251 8/1/2013 pipe No flow 

OT3A0251 9/27/2013 pipe No flow 

OT3A0251 9/27/2013 pool 14.63 765 8.11 8.32 15 

Water quality measurements were collected in the flow near the end of pipe from Outfall OT3A0251 near 

the southeast end of Pickle Pond (Table 2.2). No flow was observed in the end of pipe on 8/1/2013 and 

9/27/2013. Therefore, water quality measurements were taken from the pool directly beneath the pipe. 

For comparison, water quality measurements were taken in the pipe and from the pool on 7/2/2013.   

Temperature, conductivity, pH and dissolved oxygen values were similar between the pool and end of pipe 

measurements on 7/2/2013, but turbidity in the pool was nearly double that of the water flowing through 

the 60ò outfall.  Conductivity was considerably higher in the 60ò outfall (or pool beneath) than the 

observed values in Pickle Pond or Barkerôs Bay. Mean conductivity on 7/2/2013 in PPSE and PPC was 225 

µS/m and 379 µS/m, respectively, suggesting that stormwater inputs from the outfall may be more 

strongly influencing the central portion of Pickle Pond relative to the southeast end. All other parameters 

were comparable between the sampling stations and the outfall.  

2.1.2 Water Quality Sampling 

Surface water grab samples for chlorophyll a, total phosphorus (TP), total dissolved solids (TDS), total 

suspended solids (TSS), and chloride were collected on 6/6/2013, 7/2/2013 and 8/8/2013 from 

approximately 6ò below the water surface. Immediately following sample collection, samples were placed 

on ice and shipped overnight to the Great Lakes Environmental Center in Traverse City, Michigan for 

analysis.  

Mean chlorophyll a (Figure 2-9) and mean TP (Figure 2-10) showed similar patterns among sampling 

stations in Pickle Pond and Barkerôs Bay suggesting that TP may be driving algal production in both 

waterbodies.  There was a high degree of temporal variability in chlorophyll a throughout the summer 

(Table A1), which is consistent with increasing photosynthetic activity throughout the growing season.  In 

fact, all TP samples greatly exceeded the Wisconsin TP criteria for non-stratified drainage lakes (40 µg/L) . 

Despite a clear utilization of TP by algal communities, there was less variation in TP concentrations 

relative to chlorophyll a concentrations at each sampling location . This relationship  suggests the presence 

of a fairly steady supply of TP to Pickle Pond and Barkerôs Bay from the watershed, or potentially f rom 

internal loading from the sediments.  However, stormwater data provided by the City of Superior showed 

elevated TP concentrations measured in the stormwater from outfalls discharging into Pickle Pond in 

2012 and 2013 (Table 2-3). Locations of the stormwater outfalls and associated outfall numbers are 

shown in Figure 2.8.  
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           Figure 2.8 . Location of stormwater outfalls draining into Pickle Pond.  
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Figure 2.9. Mean summer chlorophyll a  concentration in surface waters of Barkerôs Bay and Pickle 
Pond. Circles represent the mean  (n = 3) , while the upper and lower bars show the maximum and 
minimum observed values, respectively.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.10. Mean summer total phosphorus (TP) concentration in surface waters of Barkerôs Bay 
and Pickle Pond. Circles represent t he mean  (n = 3) , while the upper and lower bars show the 
maximum and minimum observed values, respectively.  Red horizontal line indicates the Wisconsin 
TP criteria for near -shore waters of Lake Superior (NR 102.06(5)(a)).   
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Table 2.3. Total phosphorus (TP) in stormwater from outfalls that discharge into Pickle Pond.  Data 
were provided by the City of Superior, Wisconsin.  

 

Mean total suspended solids (TSS) were higher in Barkerôs Bay than in Pickle Pond (Figure 2-11).  Mean 

TSS was lowest in the southeast portion of Pickle Pond and showed little variation among samples. In 

general, TSS concentration increased throughout the summer with the exception being in PPC (Table A2). 

Mean TSS and mean chlorophyll a (Figure 2-9) patterns compared quite well among all sampling stations 

indicating that algal productivity was likely a big component of the TSS in both Pickle Pond and Barkerôs 

Bay. 

 

Figure 2.11. Mean summer total suspended solids (TSS) concentration in surface waters of Barkerôs 
Bay and Pickle Pond. Circles represent the mean  (n = 3) , while the upper and lower bars show the 
maximum and minimum observed values, respectively.  

Mean total dissolved solids (TDS) and mean chloride was higher in Pickle Pond than in Barkerôs Bay 

(Figures 2-12 and 2-13). This relationship is likely driven by stormwater loading to Pickle Pond. Indeed, 

TDS and chloride concentration decreased at all stations throughout the summer (Table A2) which is 

indicative  of pollutant flushing from the landscape in conjunction with  snowmelt and spring rain events. 

 

 

Parameter Date OT3A0251 OT3A0246 OT3A0243 OT3A0235

TP (µg/L) 8/1/2012 546 140 170 190

TP (µg/L) 10/16/2013 184 209 570 460

TP (µg/L) 12/3/2013 546 140 170 190

TP (µg/L) 1/1/2013 360 416 554 490

TP (µg/L) 7/1/2013 100
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Figure 2.12. Mean summer total dissolved solids (TDS) con centration in surface waters of Barkerôs 
Bay and Pickle Pond. Circles represent the mean  (n = 3) , while the upper and lower bars show the 
maximum and minimum observed values, respectively.  

 

 

Figure 2.13. Mea n summer chloride concentration in surface waters of Barkerôs Bay and Pickle Pond. 
Circles represent the mean  (n = 3) , while the upper and lower bars show the maximum and 
minimum observed values, respectively.  

2.2 Water level monitoring 

Water level sensors were installed in Pickle Pond and Barkerôs Bay on 4 June 2013 and 7 June 2013, 

respectively, and recorded data up to 27 September 2013 when the sensors were removed (Figure 2-14).  
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Level Troll 500 instrument (In -Situ Inc.) was installed on an 8-foot post with  the sensor fixed 

approximately 2 feet beneath the water surface in both locations.  Elevation was measured from the top of 

the post and referenced to the NOAA Water Level Survey Control Monument 451 for Water Level Mark 

VM 13391. Surface water elevation was determined mathematically based on the elevation of the top of 

the post and depth of the water relative to the sensor at the time of installation.   Reported elevations are 

on the IGLD85 Vertical Datum.  

 

Figure 2.14. Location of the water level sensors in Pickle Pond and Barkersôs Bay. 

Measurements recorded during the summer were normalized to hourly intervals and p lotted against date 

(Figure 2.15). Water surface elevation increased in Pickle Pond and Barkerôs Bay throughout the course of 

the summer.  This pattern agrees fairly well with the summertime increase in water level in Lake Superior 

in Duluth, MN over the same time period (Figure 2. 16). These summertime water level increases are likely 

a function of local hydrology and late spring/early summer snowmelt and precipitation events throughout 

the summer.  
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Figure 2.15. Hourly w ater surface elevations in Pickle Pond (PP) and Barkerôs Bay (BB) (IGLD85  
Vertical D atum ) . Hourly temperature measurements were collected at the same location 
approximately 2 feet below the water surface.  

As shown in Figure 2-15, changes in water surface elevation (WSE) in Pickle Pond and Barkerôs Bay follow 
similar patterns.  In some instances, the WSE is higher in Barkerôs Bay than in Pickle Pond indicating that 
a fair degree of water exchange occurs between Pickle Pond and Barkerôs Bay during the open water 
period. On multiple sampling occasions, water flow in  the openings between Pickle Pond and Barkerôs Bay 
were visually observed to change direction.  One such occasion was observed by the EPA during the 
bathymetric mapping of Pickle Pond on 12 June 2013. The WSE measured in 15-minute increments in 
Pickle Pond and Barkerôs Bay were plotted for that 24 -hr period (Figure 2 -17).  
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Figure 2.16. Hourly water surface elevation in Lake Superior measured in Duluth, MN in summer 
2013. Source: http://tidesandcurrents.noaa.gov/stationhome.html?id=9099064  

The amplitude of changes in water surface elevation in Barkerôs Bay tends to be greater than in  Pickle 
Pond, but the maximum surface water elevation alternates temporally  between the two waterbodies 
frequently within  a 24-hr period.  This pattern indicates that direction of flow between Pickle Pond and 
Barkerôs Bay is dependent upon water surface elevation. Given that Lake Superior also showed temporal 
oscillations in water level  (Figure 2-15), the direction of water flow between Pickle Pond and Barkerôs Bay 
are likely driven by wind and seiche effects in Lake Superior. The seiche in Lake Superior has a period of 
approximately 7.9 hours, which explains the frequency of oscillations in water level within a 24 -hr period 
(MN Sea Grant 2013). 

The volume of Pickle Pond is negligible in comparison to Barkerôs Bay.  For this reason, the Pickle Pond 
water level remains elevated for longer periods of time in relation Barkerôs Bay.  In other words, Barkerôs 
Bay drives the water level in Pickle Pond, but Pickle Pond does not drive the water level in Barkerôs Bay.  A 
survey of the bridge openings and a hydrodynamic model would be able to evaluate the situation in a 
more detailed way. 

 

  

http://tidesandcurrents.noaa.gov/stationhome.html?id=9099064
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Figure 2.17. Surface water elevation measured in 15 -minute increments in Pickle Pond and Barkerôs 
Bay on 12 June 2014.  

2.3 Flow Monitoring 

An Isco 750 Area Velocity Flow Module (Isco) was used to collect depth and velocity data in the storm 

sewer approximately 120-feet upstream of Outfall OT3A0251.  Depth and velocity was recorded every 15-

minutes.    This section of the storm sewer is a 60-inch reinforced concrete pipe (RCP) with little sign of 

deterioration and no losses of water through separated pipe or manhole sections.  The Isco flow meter was 

installed on 4 June, 2013 and removed on 27 September, 2013. 

At Outfall OT3A0251, water flowing under the pipe and entering Pickle Pond was observed on multiple 

occasions.  This could be a result of holes in the storm sewer system upstream of the Isco flow meter or 

groundwater collection underneath the pipe.   This flow was not captured by the flow meter since it was 

flowing underneath the pipe.  

Several precipitation events ranging from 0.1 to 1.8 inches (24-hour total) occurred during the monitoring 

period and the corresponding level and velocity data were collected by the Isco.  Precipitation data was 

obtained from the Nemadji River Gage (USGS Gage #04024430), which is approximately six miles from 

Pickle Pond.   

2.4 Water Volume 

Water volume estimates were developed in order to better understand mixing and exchange of water in 
Pickle Pond.  Based on the physical dimensions of Pickle Pond, a relationship between the WSE in Pickle 
Pond and total volume of water in Pickle Pond was developed. 

The minimum and maximum WSE and corresponding water volume over the course of the monitoring 
period are shown in Table 2-4. 
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Table 2.4. Estimated Water Volume in Pickle Pond . 

  WSE (ft) Volume (cu. ft.) 

Maximum 602.803 1,882,000 

Minimum 600.247 540,000 

 

Stormwater runoff volumes were calculated based on the measured flow data from Outfall 

OT3A0251.  Depth of water in the pipe is directly related to flow area in the pipe.   Flow rates were 

calculated by multiplying the flow area by the velocity.   Stormwater  runoff volumes were calculated by 

multiplying the average recorded flow rate for each 15-minute interval by 15 minutes, which were then 

added together over the course of 24-hours for a given date.  The stormwater runoff volumes were 

compared to measured WSEôs and the associated water volume in Pickle Pond.  This comparison is shown 

in Table 2-5 for four selected precipitation events, which are representative of typical precipitation events.   

 

Table 2.5. Stormwater Runoff Volume  (Outfall OT3A0251)  Compared to Pickle Pond Volume . 

  

24-hr 

Precipitation 

Nemadji 

(in) 

      
  

Change in Pickle 

  24-hr Stormwater      Pickle Pond Volume Pond Volume 

Date Runoff Volume Maximum WSE Minimum WSE Max Min Max Min 

 

(cu ft) (ft) (ft) (cu ft) (cu ft) (%) (%) 

6/9/2013 0.64 125,000  600.895 600.437 846,000 627,000 20% 15% 

8/5/2013 0.74 39,000  601.317 600.921 1,057,000 858,000 5% 4% 

8/27/2013 1.68 129,000  601.330 600.912 1,064,000 854,000 15% 12% 

9/9/2013 0.40 8,000  601.645 601.112 1,229,000 953,000 1% 1% 

 

Volume changes in Pickle Pond during dry periods (no stormwater runoff) were also evaluated in order to 

understand changes in the pond volume without stormwater runoff influences .  Changes in Pickle Pond 

volume during three selected dry periods are shown in Table 2-6. 

 

Table 2.6. Pickle Pond Volume Change Due to Exchange with Barkerôs Bay 

Date 

Maximum 
WSE 

(ft) 

Minimum 
WSE 

(ft) 

Maximum Volume 

(cu ft) 

Minimum Volume 

(cu ft) 

Change 

(%) 

8/9/2013 601.202 600.683 999,000 743,000 34% 

8/22/2013 601.276 600.723 1,036,000 762,000 36% 

9/6/2013 601.535 600.935 1,170,000 865,000 35% 

 

Based on this information, exchange of water between Pickle Pond and Barkerôs Bay is the most 

significant factor in terms of quantity and frequency  and appears to be largely driven by fluctuating 

surface water elevation in Lake Superior.  Although stormwater input volum es will drive some water 

volume exchange in Pickle Pond, the seiche effects driving water exchange between Barkerôs Bay and 

Pickle Pond constitute a much larger volume of water. 
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3  
VEGETATION AND BENTHIC COMMUNITY 

ANALYSIS  

Single-day surveys of the vegetation and benthic macroinvertebrate communities w ere conducted in 

Pickle Pond on adjacent days in August, 2013. The diversity of species, as well as the types of species 

present can provide important information regarding water quality.  Additionally, obtaini ng a baseline 

assessment of the biological community under current conditions will provide a valuable way to evaluate 

progress of remediation and restoration efforts.  

The presence or absence of certain species often points to the level of disturbance to aquatic habitats and 

overall ecosystem health.  Both the vegetation and benthic macroinvertebrate communities were 

identified to the lowest practical  taxa and used to calculate the appropriate metrics thereby facilitating 

comparison to reference sites or similar sheltered bays within the SLR AOC.  

3.1 Vegetation Community Assessment 

Beginning in June, 2013, multiple site visits to Pickle Pond were made to evaluate the growth condition of 

the aquatic community in Pickle Pond , which was delayed due to the late Spring in 2013 and delayed ice-

out. The vegetation survey was conducted by LimnoTech and Gary Walton, a local botanist, on 31 July 

2013. The objective was to create an inventory of the aquatic and terrestrial vegetation community in and 

around Pickle Pond and identify any rare plant species that may have been present. The survey of 

terrestrial vegetation community was limited to the margin of Pickle Pond owned by the City of Superior 

or areas that could be viewed and assessed from the boat.   

The aquatic vegetation was surveyed using the point-intercept method (Madsen 1999; Perleberg 2005) 

with Gary Walton identifying plant species  approximately every 45 meters along three longitudinal 

transects (Figure 3-1).  At each sampling station, plant species were identified along with the growth 

forms (i.e., rooted, submerged, emergent or free-floating) and plant density (i.e., sparse, common or 

dense).  Table B1 in Appendix B contains the results of this survey.  These species were used to calculate 

the weighted Coefficient of Conservatism (wC) and the Floristic Quality Analysis (FQA), which provides a 

metrics indicative of the quality and integrity of the aquatic vegetation community. Specific details on the 

methodologies of metric determination and comparison of these metrics among vegetation communities 

in other areas in the SLR AOC can be found in in Appendix B.  Sections 3.1.2 through 3.1.6 describe the 

vegetation communities found in Pickle Pond and are excerpted from Gary Waltonôs final report, 

Vegetation Community Assessment of Pickle Pond in Superior Wisconsin. The complete report can be 

found in Appendix B 2. 

3.1.1 General characteristics 

No Wisconsin listed endangered, threatened, special concern, or other species of conservation concern 

were found at Pickle Pond. Fifty-one plant species were recorded from the plots in and around the pond. 

Of these 51 species from the plots, 21 are non-native species. Of the non-natives in the plots, only five were 



Pickle Pond ς Phase I Baseline Characterization  30 April 2014 

  Page 22 

aquatic species. In addition, six other species (3 native, 3 non-native) were noted growing on upland soils 

around the pond.  

Table 3.1. Species Checklist For Pickle Pond Including Species Not In Plots . 

Species Common Name Species Common Name 

Acer platinoides Norway Maple*  Lythrum salicaria Purple Loosestrife 

Acer saccharinum Silver Maple* Myriophyllum sibiricum Water Milfoil 

Achillea millifolium Yarrow Najas flexilis Water Naiad 

Agropyron repens Quack Grass Phalaris arundinacea Canary Grass 

Alisma plantago-aquatica Water Plantain Poa pratensis Bluegrass 

Alnus rugosa Tag Alder* Potamogeton natans Pondweed 

Aruncus dioicus Goat's Beard Potamogeton pusillus Pondweed 

Aster lanceolatus White Aster Potamogeton richardsonii Pondweed 

Bromus inermis Smooth Brome Potamogeton robbinsii Pondweed 

Calamagrostis canadensis Canada Bluejoint Grass Rhamnus cathartica Buckthorn* 

Carex comosa Comb Sedge Rubus strigosus Raspberry 

Carex hystericina Porcupine Sedge Rumex crispus Curly Dock 

Carex stipata  Stalked Sedge Sagittaria latifolia Arrowhead 

Carex utriculata Beaked Sedge Sagittaria sp. (rigida?) Arrowhead 

Ceratophyllum demersum Coontail Salix exigua Sandbar Willow 

Cirsium arvense Field Thistle Salix fragilis Crack Willow*  

Cornus stolonifera Red Osier Scirpus validus Bulrush 

Eleocharis palustris Spikerush Solidago gigantea Smooth Goldenrod 

Elodea canadensis Elodea Sonchus arvensis Sow Thistle 

Equisetum arvense Field Horsetail Sparganium eurycarpum Bur-reed 

Fragaria virginiana Strawberry Spirodela polyrhiza Duckweed 

Geum allepicum Geum Syringia vulgare Lilac 

Glyceria grandis Giant Manna Grass Tanacetum vulgare Tansy 

Iris pseudoacorus Yellow Flag Taraxicum officinale Dandelion 

Juncus effusus Rush Thalictrum dasycarpum Meadowrue 

Leersia oryzoides Rice Cutgrass Typha angustifolia Narrow-leaf Cattail 

Lemna minor Duckweed Typha X glauca Hybrid Cattail 

Lemna trisulca Star Duckweed Typha latifolia Common Cattail 

Linnaria vulgare Toadflax Vallisneria americana Water Celery 

Lotus corniculatus Trefoil Clover Vitis riparia Wild Grape* 

Species names in red are non-native. 
* = Plant species not in plots. 

 

Plant communities present may be broadly characterized as emergent marsh (shallow marsh, reed bed), 

shallow submergent marsh (aquatic bed), and upland shrub/grass/forb plant communities. The upland 

plant community is composed of weedy native and non-native species on altered soils. It has no native 

plant community type.  
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3.1.2 Emergent Marsh 

The emergent marsh at Pickle Pond is a reed bed occurring along the shore and at a narrow spot in the 

pond where it extends across the pond from east to west. It is composed of reed-like plants (cattails, 

grasses, bur-reeds, bulrushes, rushes, and sedges) rooted in the substrate but with stems, leaves, and 

flowering parts growing above the water. Arrowhead (Sagittaria latifolia ), which has broad leaves and is 

not reed-like, also occurs. Where the water is more than a few inches deep submerged and floating 

aquatics were noted between the taller emergent plants. 

The dominant reed-like species in these emergent marshes are narrow leaved cattail (T. angustifolia ), 

hybrid cattail ( T. x glauca), and common cattail (Typha latifolia ). Other emergent species present, 

usually as subdominants, are common bur-reed (Sparganium eurycarpum ), canary grass (Phalaris 

arundinacea ), bluejoint grass (Calamagrostis canadensis ), soft-stem bulrush (Scirpus validus ), and 

various sedges (Carex utricu lata , C. comosa, C. hystericina ). Floating and submerged aquatic plant 

species most commonly found were duckweeds (Lemna minor , Spirodela polyrhiza ) and water naiad 

(Najas flexilis ). Coontail (Ceratophyllum de mersum) and floating fragments of pondweeds (Potamogeton 

spp.) were sometimes present. 

Some plants of purple loosestrife (Lythrum salicaria ) and yellow iris ( Iris pseudoacorus ) were observed 

but neither was common. The loosestrife leaves were full of small holes probably the result of insects that 

eat it. 

3.1.3 Comparison of Pickle Pond Emergent Marsh to other Local Emergent Marshes 

The emergent marsh (Figure 1 and Figure 2) at Pickle Pond is bears some resemblance to other plant 

communities of this type found in  sheltered bays (bays separated from the main river current by a 

sandbar or mudflat) along parts of the St. Louis River Estuary (10, 11). They share the same emergent 

plant species that typify this plant community: cattails, common bur -reed, arrowhead, and soft-stemmed 

bulrush. They also share some of the same aquatic species.  Spikerush (Eleocharis palustris ) is more 

common to the emergent marshes away from Pickle Pond where it was noted as scarce. Water horsetail 

(Equisetum fluviatile ), also found in many emergent marshes in the estuary (10, 11), was not observed at 

Pickle Pond. 

Emergent marshes close to Pickle Pond occur at the mouth of the Nemadji River and Allouez Bay and in a 

small sheltered bay to the east of Hog Island. These emergent marshes are dominated by cattails, soft-

stemmed bulrush, water horsetail, spikerush, and common bur -reed. Those in Allouez Bay and at the 

Nemadji River mouth are exposed more directly to the currents of the St. Louis River and Nemadji River 

and so do not qualify as "sheltered bays" (10, 11). For the same reasons emergent wetlands along the 

banks of the rivers or on flats in the rivers were not used in the comparison as they have developed in 

strong currents, which are not present in sheltered bays. 

Plant data for Hog Island's emergent marsh was not used because data was collected in the spring of 2007 

(10) when the plants were not completely grown. Percent cover values would not be comparable to those 

taken in mid -summer as was the case with other wetlands used in this comparison. 

A floristic quality analysis (FQA) was conducted on the emergent marsh at Pickle Pond and compared to 

FQA results from several other emergent marshes in sheltered bays in the St. Louis River Estuary. 

Weighted C (wC) for the Pickle Pond emergent marsh is 2.41631. The species richness (S) is 29. Using the 

criteria for the Biological Criteria Gradient Tier (BCG Tier) the emergent marsh at Pickle Pond is ranked 

at "3" which is defined as: 
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"Moderate changes in community structure. Sensitive taxa are replaced as the abundance 
distribution shifts towards more tolerant taxa. Extent of expected native composition for the 
community type diminished." (BWSR 2013). 

 

The emergent marshes used in the above comparison with Pickle Pond had a higher BCG Tier rank when 

cattails were sub-dominant or only comprised a small proportion of the percent cover. Emergent marshes 

with a lower BCG Tier rank were either dominated by cattails or composed of approximately equal percent 

covers of cattails, species with low Coefficient of Conservatism numbers, and had low species richness. 

Data tables of emergent marshes at Pickle Pond and in sheltered bays in the St. Louis River Estuary are in 

Appendix B1. 

3.1.4 Aquatic Bed (Submergent Marsh) or Shallow Open Water Community 

Submergent marsh comprises the bulk of the aquatic plant community present at Pickle Pond. It occurs in 

the shallow water with depths of about 2 to 4 feet. Substrate is a silty soil with a dark color. Plants growing 

in the submergent marsh are usually rooted in the substrate with soft stems. The plants grow below the 

water surface most of the season except during flowering when small clusters of flowers emerge above the 

water line. A few species have floating leaves in addition to submerged leaves. 

The dominant species in the submergent marsh at Pickle Pond are a fine-leaved species of pondweed 

(Potamogeton pusillus ), coontail (Ceratophyllum  demersum), water milfoil ( Myriophyllum  sibiricum ), 

water naiad (Najas  flexilis ), and elodea (Elodea canadensis). These are mostly rooted the substrate and 

form thick mats below the water surface. Other species found include two species of large leaved 

pondweeds (Potamogeton robbinsii  and P. richardsonii ). Closer to shore some emergent aquatics also 

occur such as arrowhead (Sagittaria  latifolia ) and spike rush (Eleocharis palustris ). 

3.1.5 Comparison of Pickle Pond Aquatic Beds to other local Aquatic Beds or Shallow 

Submergent Marshes in Sheltered Bays 

The submergent marsh at Pickle Pond are moderately diverse and share some species in common with 

other less disturbed submergent marsh in the St. Louis River Estuary near the Red River. Species in 

common are coontail, elodea, water celery, water naiad, and some pondweeds (Potamogeton pusillus , P. 

robbinsii , and P. richardsonii ). The sheltered bays are more floristically diverse than Pickle Pond, 

however. This is seen in the greater diversity of pondweed (Potamogeton) species and other aquatic 

species found in them. Species found in the sheltered bays but not observed in Pickle Pond are 

Potamogeton natans , P. nodosus, P. zosteriformis  and P. spirillus , common bladderwort  (Utricularia 

macrorhiza ), yellow water lily  (Nuphar lutea ssp. variegata ), white water lily ( Nymphaea odorata ), and 

river bur -reed (Sparganium  fluctuans ). Although a water milfoil ( Myriophyllum sibiricum ) is found in 

Pickle Pond and in many other locations in the estuary's sheltered bays, two other species of water milfoil 

(M . verticillatum  and M . alternifolium ) were not obsereved there by Gary Walton. 

These other less disturbed submergent marshes were compared with Pickle Pond. Table 4 lists their 

names and locations where data was collected (10, 11). They are also shown in Map 4 in Appendix C. 
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Table 3.2. Names and Locations of  Submergent Marshes  Compared to Pickle Pond.  

Location Name Coordinates (NAD27) Wetland Type 

North Bay 558434, 5166510 Submergent Marsh 

Cedar Yard Bay 560174, 5166962 Submergent Marsh 

Red River East 559421, 5165943 Submergent Marsh 

Red River East 559478, 5166172 Submergent Marsh 

  

A FQA was conducted on the submergent marsh at Pickle Pond and compared to FQA results from several 

other submergent marshes in sheltered bays in the St. Louis River Estuary. wC for the Pickle Pond shallow 

marsh is 4.2148. The species richness is 29. Using the criteria for the BCG Tier the submergent marsh at 

Pickle Pond, which has a wC >4.0, is ranked at "2" which i s defined as: 

"Community structure similar to natural community. Some additional taxa present and/or there 

are minor changes in the abundance distribution from the expected natural range . Extent of 

expected native composition for the community type remains largely intact."  (BWSR 2013) 

 

The floristic quality of the submergent marsh at Pickle Pond was compared to that of other submergent 

marshes in shallow bays in the estuary (see Appendix B). All the submergent marshes used in the 

comparison with Pickle Pond ranked a BCG Tier of "2". A high percent cover of species with higher 

Coefficients of Conservatism in the shallow marshes used for comparison rather than just species richness 

values of was important in generating a higher BCG Tier rank. 

Floristic, habitat, and cover data on these other sites are from unpublished field notes of the investigator 
(i.e., Gary Walton). The sites chosen (Figure 3.1) for comparison occur on both sides of the Minnesota and 
Wisconsin state line and are in the same watershed and bioregion. For these reasons, the Coefficient of 
Conservatism values used are for Minnesota since it seemed they would be more fitted for this area of 
western Lake Superior. Data on these other wetlands is from unpublished notes of the investigator that 
were collected in 2007 and 2008. 
 

 

Figure 3.1. Location of sheltered bays used in the FQA comparison with Pickle Pond.  
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Data tables of submergent marshes at Pickle Pond and in the sheltered bays in the St. Louis River Estuary 

are in Appendix B. 

3.1.6 Shrub/grass/forb plant communities 

These are composed of a mix of native and non-native species and grow on soils associated with railroad 

ballast and road shoulders. This plant community is a novel plant community and as such does not 

resemble any native shrub/grass/forb plant communities. The most common plants are tansy 

(Tanacetum vulgare ), bluegrass (Poa pratensis), quack grass (Agropyron repens ), and sandbar willow 

(Salix exigua). Other species noted are common lilac (Syringia vulgare ), meadow rue (Thalictrum 

dasycarpum ), and field horsetail ( Equisetum arvense). 

Some parts of the shrub/grass/forb  plant community were outside the data point grid but were observed 

from the water. Depending on the location these may include silver maple (Acer saccharinum ), Norway 

maple (A. platinoides ), crack willow ( Salix fragil is), buckthorn ( Rhamnus cathartica ) tag alder (Alnus 

rugosa ), and wild grape (Vitis ripa ria ). 

A non-weighted FQA was performed on the data generated but could not be compared to any native 

upland shrub communities as data was not available. Mean C for this community was 1.138 (C = 33, 

Species Richness = 29) a low value generated in part by the presence of the 16 non-native species each 

with a Coefficient of Conservatism value of 0. 

 

 
 

  



Pickle Pond ς Phase I Baseline Characterization  30 April 2014 

  Page 27 

 

Figure 3.2. Location of aquatic vegetation sampling stations.  
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3.2 Macroinvertebrate Community Assessment 

Some macroinvertebrate species are very sensitive to changes in water quality and habitat degradation, 

while other groups are considered to be pollution tolerant . Therefore, structure and abundance of benthic 

macroinvertebrate communities often describes the overall health of an aquatic ecosystem and indicate 

water quality  (Breneman et al. 2000) . Macroinvertebrates are also an important food resource for fish, so 

the structure of the macroinvertebrate communities can have implications for the fish community as w ell 

(Wetzel 2001).   

Sediment chemistry data provided by the WDNR that was collected in 2007 indicated legacy sediment 

contaminants (heavy metals, PAHs, and PCBs) that were generally higher in the southeast end of Pickle 

Pond relative to the northeast end of the pond (LimnoTech 2012). To evaluate the potential impact of 

legacy sediment contaminants on aquatic biota, the primary objective of the macroinvertebrate 

community assessment was to compare macroinvertebrate community abundance and composition 

between the northwest and southeast ends of Pickle Pond. Through that baseline comparison, additional 

supplemental goals of the assessment were to: 

¶ Create a baseline of the current condition with potential  for comparison to other sheltered bays 

in the AOC; 

¶ Help establish goals and targets for remediation and restoration; and  

¶ Provide a measure of progress in the future towards meeting restoration goals. 

Details on collection and identification of the macroinvertebrate samples and some basic comparisons to 

other sites in the SLR AOC are discussed below. Sections 3.2.1 through 3.2.2 were excerpted from the 

Pickle Pond Macro Report written by Kurt Schmude with the Lake Superior Research Institute (LSRI) at 

the University of Wisconsin -Superior. The complete report can be found in Appendix C. Note: References 

to sampling on southwest sections of Pickle Pond refer to the southwest shoreline in the southeast end. 

Refer to Figure 3.1 for sampling locations). 
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Figure 3.3. Macroinvertebrate sampling locations in Pickle Pond.  
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3.2.1 Benthic Sediment Sampling  

Samples were collected from Pickle Pond in the Duluth/Superior Harbor of Lake Superior on August 1, 

2013 by Cullen OôBrien (LimnoTech) using a petite ponar grab (6 x 6 inches). Three replicate samples 

were collected in each of three zones: 1) emergent, 2) submerged, 3) open. Macroinvertebrate sampling in 

Pickle Pond was conducted in the northwest and southeast ends of the pond (Figure 3.1).  As mentioned 

above, these sites were chosen based on historical sediment chemistry data indicating that the southeast 

end of the pond has higher levels of heavy metals, PAHs and PCB than the northwest end of the pond 

(LimnoTech  2012).  

Sample material/debris was placed in a sieve bucket that had a 250-micron mesh sieve. The samples were 

sieved in the field by Kurt Schmude (UW-Superior) and preserved in 10% formalin solution that 

contained rose bengal stain. The open water, ponar samples could not be efficiently sieved in the field due 

to the great amount of fine sediments that clogged the sieve bucket. Thus, the entire contents of these 

samples were placed in separate containers and returned to the lab for further processing. These samples 

were sieved immediately in the lab (the same day) and preserved in a similar manner as the other 

samples. 

One week after collecting the samples, it was discovered that the three replicate samples from the 

southeast submerged zone were not preserved in the field and were sitting in the lab unpreserved. Thus, 

these samples needed to be discarded. After consultation with LimnoTech personnel, it was determined 

that minimal to no variability would occur with the data if these samples were re -collected eight days later 

(August 9, 2013). Kurt Schmude re-collected these samples using a petite Ekman grab (6 x 6 inches). We 

acknowledge that slight differences in the amount of soft sediment material obtained or the number of 

organisms collected may occur in samples collected with two different grab samplers.  

D-net samples were collected by Kurt Schmude on August 1, 2013. Two replicate samples were taken from 

each of four sites: northwest emergent zone, northwest submerged zone, southeast emergent zone, 

southeast submerged zone. A sample consisted of sweeping the D-frame net through an area of 

approximately 1 m² several times for about two minutes.  All of samples were preserved in 80% ethanol 

solution.   

3.2.2 Laboratory Sample Processing 

All of the ponar samples had a great deal of material/debris to process. Consequently, it was necessary to 

subsample each sample according to LSRIôs SOP (FS/12) Subsampling Benthic Invertebrate Samples in 

the Laboratory.  The ponar grabs were placed in a splitting device that LSRI designed; it functions like a 

Folsom plankton splitter.  Each sample was placed in a large rectangular box, homogenized by rotating 

back and forth, and then split into halves when tipped forward.  Based on the amount of material/debris in 

a sample, each sample was split into fourths, eighths, sixteenths, or thirty-seconds (See Appendix C for 

details). 

Random subsamples were chosen for processing. Two samples (11% of total ponar samples) were 

randomly chosen for Quality Assurance/Quality Control checks for subsampling accuracy; this procedure 

followed QA/QC steps outlined in LSRIôs SOP FS/12. Both samples yielded a subsampling error of less 

than 10%, which is considered the maximum acceptable error percentage before corrective action needs to 

be considered (See Appendix C for details).  

The organisms were picked from the ponar samples following LSRIôs SOP (FS/14) Picking Benthic 

Invertebrates From Quantitative Samples. The picking was accomplished by trained student assistants 

and all samples were second picked to minimize picking error and ensure accuracy. Large/Rare 

macroinvertebrates were also picked from each sample, which entailed searching for these specimens in 
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the debris from the remaining unprocessed portion of the subsample. These large/rare specimens were 

included with the other specimens, but marked accordingly.  

The D-net samples had an enormous amount of debris/material in each sample.  Thus, these samples also 

needed to be subsampled in order to process them efficiently.  The debris was distributed throughout a 

shallow tray that was divided into four quadrates.  One quadrate was randomly chosen for processing 

(fourth).  If the material gathered from this quadrate was still too great for efficient processing, it was split 

into halves for processing (an eighth).  This process was repeated once more for one sample that still 

contained too much material for efficie nt processing (one sixteenth) (See Appendix C for details). 

The organisms were picked from the D-net samples.  The picking was accomplished by trained student 

assistants and all samples were second picked to minimize picking error and ensure accuracy.  Large/Rare 

macroinvertebrates were also picked from each sample.  The remaining, unprocessed material/debris was 

searched for large/rare specimens, which were included with the other specimens, but marked 

accordingly.  

3.2.3 Limitations of the Data 

It is important to note that while the benthic macroinvertebrate community structure and composition 

can provide important information on water quality, the data collected with this project have a few 

limitations. First, the data were collected on one day in one year. Macroinvertebrate community 

composition can change significantly between seasons and years (Wetzel 2001), so one must use caution 

with interpretations.  Second, Pickle Pond was sampled in only two areas of the pond, so a more robust 

sediment sampling scheme would be necessary to definitely determine the spatial distribution of the 

macroinvertebrate community in Pickle Pond. However, as previously mentioned, the goal of the 

sampling effort was to quantify any detectable differences in macroinvertebrate community abundance or 

composition between an area of greater and less sediment contamination within Pickle Pond, not to 

provide a comprehensive assessment of the macroinvertebrate community in the entire pond.  

3.2.4 Summary of the Macroinvertebrate Community 

There were no Hexagenia  mayflies present in any of the samples. These mayflies are typically sensitive to 

pollutants and low dissolved oxygen. The lack of these species may indicate a problem, but they are 

typically fo und in waters with strong currents, so their absence may be due to the sheltered bay habitat. 

Assessment of the macroinvertebrate community did not appear to show strong differences in 

macroinvertebrate communities within Pickle Pond . When comparing habitat types between the 

northwest and southeast ends of the pond, total abundance and total taxa was typically higher in the 

northwest end with the exception being the southeast open zone.  Overall, the assessment identified a 

high abundance of taxa that are more tolerant to pollution .  The macroinvertebrate metric, total 

abundance of single taxa dominance represents the taxa with the highest number of individuals present. 

In all habitat zones, this metric was represented by groups or species known to be highly tolerant of 

organic pollution or nutrient pollution  (Peckarsky et al. 1990, Mandeville 2002; Foltz and Dodson 2009). 

 

Metric Comparison to Reference Sites in the SLR AOC 

In June 2012, LimnoTech collected macroinvertebrate samples from four sites to support a project by the 

MPCA and WDNR that aimed to establish benthic community reference conditions in the SLR AOC. Sites 

were chosen because they are considered to be least impacted by anthropogenic activities relative to other 

heavily impacted areas in the region (WDNR and MPCA 2012). Samples were collected from four 

locations in Rask Bay, Red River (West), Clough Island, and Allouez Bay. Additional details on sampling 

and analysis can be found in WDNR and MPCA (2012). The dataset was obtained by the WDNR and 
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LimnoTech calculated macroinvertebrate metrics (Table 3.1). Although the collection methods were the 

same for Pickle Pond and the references sites (petite ponar), the sites were collected in different years and 

different months of the year which prohibits statistical comparisons. However, some general comparisons 

can be inferred.  The macroinvertebrate assemblage in Pickle Pond resembles that of the reference sites. 

In particular, many of the metrics shown in Table 3.1 are comparable between Pickle Pond and Allouez 

Bay, which is a large protected wetland near the mouth of the Nemadji River close to Pickle Pond (WDNR 

and MPCA 2012).  
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Table  3.3. Macroinvertebrate metrics in Pickle Pond and reference sites in the SLRAOC.  
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Pickle Pond Macroinvertebrate Survey, 2013 NWemgZN NW Emergent Zone Net 8/1/2013 1 155 0 51 59 30 Neoplea striola 27 0 11 6 9

Pickle Pond Macroinvertebrate Survey, 2013 NWsubZN NW Submergent Zone Net 8/1/2013 1 295 0 105 159 82 Gyraulus 32 4 13 7 8

Pickle Pond Macroinvertebrate Survey, 2013 SEemgZN SE Emergent Zone Net 8/1/2013 1 62 0 25 25 8 Endochironomus 27 1 11 8 9

Pickle Pond Macroinvertebrate Survey, 2013 SEopnZN SE Open Zone Net 8/1/2013 1 80 0 7 63 15 Gyraulus 25 1 16 3 6

Pickle Pond Macroinvertebrate Survey, 2013 NWemgZN NW Emergent Zone Ponar 8/1/2013 3 516 0 239 262 93 Endochironomus 41 1 21 9 13

Pickle Pond Macroinvertebrate Survey, 2013 NWopnZN NW Open Zone Ponar 8/1/2013 3 172 0 7 162 66 Quistradrilus multisetosus 17 0 11 4 3

Pickle Pond Macroinvertebrate Survey, 2013 NWsubZN NW Submergent Zone Ponar 8/1/2013 3 355 0 133 209 57 Endochironomus 41 2 22 8 12

Pickle Pond Macroinvertebrate Survey, 2013 SEemgZN SE Emergent Zone Ponar 8/1/2013 3 367 0 165 188 55 Endochironomus 52 2 29 10 16

Pickle Pond Macroinvertebrate Survey, 2013 SEopnZN SE Open Zone Ponar 8/9/2013 3 488 0 72 411 153 Quistradrilus multisetosus 44 1 26 5 17

Pickle Pond Macroinvertebrate Survey, 2013 SEsubZN SE Submergent Zone Ponar 8/9/2013 3 172 0 36 136 62 Tubificidae immature without hairs 23 0 14 4 9

WDNR Macroinvertebrate Reference Site Survey, 2012 10037320 Allouez Bay Location 1 Ponar 6/6/2012 4 572 0 104 460 212 Gammarus 17 1 9 1 9

WDNR Macroinvertebrate Reference Site Survey, 2012 10037321 Allouez Bay Location 2 Ponar 6/6/2012 4 500 4 144 328 104 Gammarus 21 1 14 2 5

WDNR Macroinvertebrate Reference Site Survey, 2012 10037322 Allouez Bay Location 3 Ponar 6/6/2012 4 124 0 56 64 36 Cladotanytarsus 8 1 5 1 2

WDNR Macroinvertebrate Reference Site Survey, 2012 10037323 Allouez Bay Location 4 Ponar 6/6/2012 4 512 80 56 360 128 Manayunkia speciosa 16 3 11 2 9

WDNR Macroinvertebrate Reference Site Survey, 2012 10037325 Clough Island Location 1 Ponar 6/6/2012 4 5035 4 1220 3767 1040Manayunkia speciosa 46 4 24 7 21

WDNR Macroinvertebrate Reference Site Survey, 2012 10037326 Clough Island Location 2 Ponar 6/6/2012 4 1500 4 584 904 328 Cladotanytarsus 36 2 20 5 17

WDNR Macroinvertebrate Reference Site Survey, 2012 10037328 Clough Island Location 3 Ponar 6/6/2012 4 1824 0 392 1392 368 Tubificidae 42 2 27 4 16

WDNR Macroinvertebrate Reference Site Survey, 2012 10037329 Clough Island Location 4 Ponar 6/6/2012 4 1572 16 448 1076 536 Tubificidae 57 5 28 13 22

WDNR Macroinvertebrate Reference Site Survey, 2012 10037334 Rask Bay Location 1 Ponar 6/5/2012 4 3112 0 408 2484 1604Tubificidae 48 2 24 12 11

WDNR Macroinvertebrate Reference Site Survey, 2012 10037336 Rask Bay Location 2 Ponar 6/5/2012 4 2232 0 288 1808 1328Tubificidae 35 2 16 8 13

WDNR Macroinvertebrate Reference Site Survey, 2012 10037337 Rask Bay Location 3 Ponar 6/5/2012 4 2107 0 144 1907 1104Tubificidae 26 3 12 6 9

WDNR Macroinvertebrate Reference Site Survey, 2012 10037338 Rask Bay Location 4 Ponar 6/5/2012 4 3760 4 444 3260 2496Arcteonais lomondi 34 4 18 7 11

WDNR Macroinvertebrate Reference Site Survey, 2012 10037330 Red River West Location 1 Ponar 6/5/2012 4 1156 0 176 892 228 Hyalella 43 2 24 11 12

WDNR Macroinvertebrate Reference Site Survey, 2012 10037331 Red River West Location 2 Ponar 6/5/2012 4 3241 0 508 2652 864 Caecidotea racovitzai 36 3 18 12 9

WDNR Macroinvertebrate Reference Site Survey, 2012 10037332 Red River West Location 3 Ponar 6/5/2012 4 3192 4 208 2904 1320Arcteonais lomondi 31 4 16 9 10

WDNR Macroinvertebrate Reference Site Survey, 2012 10037333 Red River West Location 4 Ponar 6/5/2012 4 2421 10 269 2079 1164Arcteonais lomondi 47 4 21 11 20
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4  
SOFT SEDIMENT THICKNESS 

Determination of the vertical depth of soft sediments in Pickle Pond is necessary for estimating the total 

volume of soft sediments, which is critical for the development of restoration alternatives. Therefore, soft 

sediment thickness was measured with a graduated steel rod on 5 June 2013. Predetermined locations 

were found using a mobile GPS unit and the depth of the soft sediment to the point of refusal was 

recorded. Sediment probing was conducted along three longitudinal transects in Pickle Pond (Figure 4-1). 

Measurements were recorded approximately every 100 feet in the northwest and central portion of the 

pond.  In the southeast end of the pond, soft sediment depth was measured every 50 feet along the 

transects. The EPA conducted a bathymetric survey on 12 June 2013 (Figure 4-2). 

Soft sediment thickness volume was estimated based on the average thickness of the soft sediment (2.5 

ft.)  and the physical dimensions of Pickle Pond (2,800 ft. in length x 140 ft. wide) .  The total volume of 

soft sediment is estimated to be approximately 45,000 cubic yards. 
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Figure 4.1. Spatial distribution of soft sediment depth (feet) in Pickle Pond. 
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Figure 4.2. Bathymetric map of Pickle Pond.  
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5  
SUPPLEMENTAL STUDIES 

Concurrent with the  study presented in this report, additional studies were conducted by the USFWS and 

WDNR in Pickle Pond. Through conversations with the stakeholder team, the findings from these 

supplemental studies helped to inform restoration goals and design alternatives in Pickle Pond.  In the 

following sections, brief summaries  or key excerpts (in quotations) from these studies are presented.  If 

available, the complete reports can be found in Appendix D. 

5.1  Sediment Toxicity 

Pickle Pond sediments were collected by Wisconsin DNR and analyzed by the Wisconsin State Laboratory 

of Hygiene - Environmental Toxicology Section.   However, issues in the sampling design yielded 

inconclusive results and laboratory data may not be representative of conditions in the pond.  Additional  

testing and evaluation is recommended for reaching conclusions about sediment toxicity at this site.   

5.2 Sediment Chemistry 

ñSediment core sampling was conducted to aid the decision-making process as well as the design of 

conceptual restoration plans for Pickle Pond.  Elevated concentrations of polycyclic aromatic 

hydrocarbons (PAHs), metals, polychlorinated biphenyls (PCBs) and organochlorine pesticides have been 

detected in surficial bottom sediments of Pickle Pond.  Sediment contamination levels in Pickle Pond can 

be described as moderate with metal concentrations frequently in excess of Probable Effect 

Concentrations (PEC), and concentrations of other parameters falling between Threshold Effect 

Concentrations (TECs) and PEC levels accepted by WDNR (WDNR 2003).ò  

ñSediment core sampling conducted in the summer of 2013 appears to corroborate previous surficial 

sediments sampling indicating elevated concentrations of contaminants, primarily in the southea stern 

portion of Pickle Pond.  (Choy - USFWS, 2013)ò 

The entire sediment chemistry report can be found in Appendix D1. 

5.3 Avian Survey 

ñBetween April and September of 2013, 18 bird surveys were conducted at Pickle Pond in Superior, 

Wisconsin.  The survey method used was a timed, passive (i.e. auditory and visual) point -count survey 

conducted at 6 points along the south bank of pickle pond.  The goal of the survey was to create a baseline 

of the number of individuals and species of birds that utilize the Pickle Pond area during the non -winter 

months.  The survey was designed in such a way that it can be repeated post remediation and restoration 

and the data compared to the baseline survey described in this document as a potential measure of 

success.  To complete the baseline survey, the U.S. Fish and Wildlife Service (USFWS) and Wisconsin 

Department of Natural Resources (WDNR) worked with a local Minnesota Master Naturalist volunteer.ò  
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ñDespite its small area, Pickle Pond appears to provide important habitat for many bird species in 

addition to supporting many other wildlife species.  While there were no obvious signs of impacts to birds 

or other wildlife from contaminants, contaminated sediments may still be a limiting factor at Pickle Pond 

as a result of damage to benthic invertebrate and plant communities.ò 

The entire report titled Avian Survey Report for Pickle Pond can be found in Appendix D2. 

5.4 Fish Survey 

ñIn June, 2013, the U.S. Fish and Wildlife Service, Ashland Fish and Wildlife Conservation Office 

(Ashland FWCO) conducted a survey of the fish species in Pickle Pond. Two short railroad trestles provide 

surface water connections through the railroad grade and fish passage between the SLRE and Pickle 

Pond. One trestle is located at the north end and one at the south end of the pond.ò 

ñPickle Pond was sampled from June 18-20, 2013. The pond was accessed on the northwest end at the 

railroad grade crossing Marina Drive. A small jon boat was used to deploy and retrieve nets and traps.ò 

The following conclusions were made based on the fish survey: 

ñThe capture of 17 species in two nights of effort in Pickle Pond indicates that this habitat was utilized by a 

diverse array of fish species under conditions encountered during this survey.ò 

ñThe presence of rarely captured and common fish species in Pickle Pond suggests that the design of the 

two small trestles in the railroad grade forming the north and south openings to the pond provide 

adequate access for fish movement in and out of Pickle Pond.ò 

ñPickle Pond is being utilized as a nursery predominantly by forage species.ò  

ñBased on the small size structure of fish captured in Pickle Pond its value as a recreational fishery seems 

minimal.ò 

ñDense and broad coverage of aquatic vegetation and potential for high water temperature could result in 

low dissolved oxygen levels in late summer and early autumn. These conditions would likely reduce fish 

species diversity and favor species tolerant of low dissolved oxygen, such as bullheads. The dense 

macrophytes at the south end of the pond are likely to expand northward over time. Expanded aquatic 

vegetation distribution would reduce habitat diversity which could reduce fish species diversity in the 

pond.ò   

The entire Pickle Pond Fish Inventory Report can be found in Appendix D3. 
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6  
SITE-LEVEL WATERSHED ASSESSMENT 

A site-level watershed assessment was completed in order to understand the stormwater inputs to Pickle 

Pond.  This assessment gives a basic understanding of the watershed characteristics, estimated average 

annual pollutant loads from stormwater runoff, and potential sources o f pollutants.  

6.1 Watershed Characteristics 

6.1.1 Land Cover and Land Use 

Site visits, aerial photography, and the City of Superior Impervious Layer (GIS)  were used to determine 

the land cover of the subwatershed areas.  The watershed consists of a portion of the ra ilyard, a mix of 

developed-low intensity residential and medium intensity residential .  Areas of grass and trees are also 

present within the watershed areas.   

6.1.2 Topography 

The topography of the drainage area is relatively flat, with the exception of the slopes surrounding the 

pond.  The slopes around the pond are generally steeper, but are vegetated and make up a small portion of 

the total drainage area.  With a drainage area that is primarily made up of flat slopes, runoff generally 

runs off slower with less erosion potential. 

6.1.3 Soils 

Soils within the drainage area include Amnicon, Bergland, Cuttre, Miskoaki, Udorthents, and 

Udipsamments (NRCS, Web Soil Survey, 2013).  Amnicon, Bergland, Cuttre, and Miskoaki soils make up 

approximately 91% of the drainage area and are categorized as Hydrologic Soil Group D (HSG D).  HSG D 

soils are tight soils with an extremely low infiltration potential and a high runoff potential  (NRCS, 

Technical Release 55, 1986).   

6.2 Nonpoint Source Pollutant Loading 

6.2.1 Estimated Average Annual Runoff and Pollutant Load Estimates 

The Simple Method is an empirical equation developed to estimate annual runoff volumes and annual 

pollutant loads in stormwater runoff.  For the Simple Method (Schueler, 1987) a runoff coefficient is 

calculated which is a function of the percent impervious area in the subwatershed.  An impervious area 

shapefile from the City of Superior was used to determine the total amount of impervious surface.  The 

railyard is considered to be completely impervious.   Pollutant concent rations from Steuer (1997) were 

used to calculate estimated average annual pollutant loads.  Hydrol ogic parameters and estimated average 

annual runoff for each subwatershed are shown in Table 6-1.  Estimated average annual pollutant and 

metal loads are shown in Tables 6-2 and 6-3, respectively. 
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Table 6.1. Subwatershed Hydrology . 

Drainage Area 
Drainage 
Area (ac) 

Percent 
Impervious 

Runoff 
Coefficient 

Average 
Annual 
Rainfall 

(in) 

Average 
Annual 

Runoff (in) 

Average 
Annual Runoff 

(ac-ft) 

OT3A0235 5.3 29% 0.31 32.0 9.0 4.0 

OT3A0243 2.9 31% 0.33 32.0 9.4 2.3 

OT3A0246 5.8 28% 0.30 32.0 8.6 4.1 

OT3A0251 198.2 23% 0.26 32.0 7.5 123.8 

OT3A0281 4.2 27% 0.29 32.0 8.3 2.9 

Pickle Pond Overland* 32.0 59% 0.51 32.0 14.7 39.6 

* Water surface area is counted as impervious surface in the calculation of the runoff coefficient and average 
annual runoff. 

 

Table 6.2. Estimated Average Annual Pollutant Loads . 

 

Estimated Average Annual Load (lbs/year) 
(TSS= Total Suspended Solids, TP=total phosphorus, DP=dissolved phosphorus, 

COD=chemical oxygen demand, BOD=biological oxygen demand, TKN=total Kjeldahl 
nitrogen, NO3-N=nitrate/nitrite nitrogen, NH4=ammonium) 

Drainage Area TSS TP DP COD BOD TKN NO3-N NH4-N 

OT3A0235 1715.5 3.1 0.4 712.1 166.2 16.2 4.0 2.2 

OT3A0243 995.4 1.8 0.3 413.2 96.4 9.4 2.3 1.3 

OT3A0246 1782.8 3.3 0.4 740.0 172.7 16.8 4.1 2.2 

OT3A0251 53395.9 97.4 13.4 22164.3 5171.7 503.7 124.3 67.2 

OT3A0281 1258.8 2.3 0.3 522.5 121.9 11.9 2.9 1.6 

Pickle Pond 
Overland* 8836.4 16.1 2.2 3667.9 855.9 83.4 20.6 11.1 

* Water surface area is not included as a source of pollutant loading. 

 

Table 6.3. Estimated Average Annual Metal Loads.  

 

Estimated Average Annual Load (lbs/year)  
(Fecal Coliforms in billion colonies) 

Drainage Area 
Total 
Lead 

Total 
Zinc 

Total 
Copper 

Total 
Cadmium 

Fecal 
Coliforms 

OT3A0235 0.529 1.198 0.237 0.006 0.005 

OT3A0243 0.307 0.695 0.138 0.004 0.003 

OT3A0246 0.549 1.245 0.247 0.007 0.005 

OT3A0251 16.455 37.276 7.388 0.201 0.156 

OT3A0281 0.388 0.879 0.174 0.005 0.004 

Pickle Pond Overland* 2.7 6.2 1.2 0.0 0.026 

* Water surface area is not included as a source of pollutant loading. 



Pickle Pond ς Phase I Baseline Characterization  30 April 2014 

  Page 43 

6.2.2 Potential or known sources of sediments, nutrients, pollutants 

There are several potential sources of sediments, nutrients, and pollutants.  Stormwater runoff from 

urban areas typically includes chemicals and metals from vehicles and nutrients from lawns, woods, and 

impervious surfaces. 

The City of Superiorôs Waste Water Treatment Facility (WWTF) is approximately 3,500 feet from Pickle 

Pond and is hydrologically connected through the bridge opening in Marina Drive and the bridge 

openings in the railroad embankment between Barkerôs Bay and Pickle Pond.  Given the mixing from 

WWTF and Superior Bay, the WWTF is not likely to be a significant source of total phosphorous and 

pollutants to Pickle Pond.  

Pickle Pond receives direct stormwater runoff from the adjacent railroad tracks, which is a potential 

source of pollutants.  This potential source of pollutants has not been monitored or quantified.  

Existing contaminated sediments in Pickle Pond may be released into the water column over time and 

during some conditions.  However, the rate at which this occurs is not well understood and is likely highly 

variable depending on biological, chemical, and physical conditions.  

Another potential source of pollutants could be left over in sediments that we re used to construct the 

railroad and highway embankments that created Pickle Pond.  Investigations into the chemical 

composition of these fill materials was not conducted under this project.  It is unknown if and how much 

these fill materials may contribu te to the pollutant loading in Pickle Pond.  

6.2.3 Highest potential risk of recontamination and loading 

Urban runoff will continue to contribute metals, nutrients, and other pollutants  to Pickle Pond without 

some form of stormwater treatment.  The storm sewer system that enters Pickle Pond at outfall OT3A0251 

is the most significant contributor of runoff and  associated pollutants to Pickle Pond.  

Since runoff water quality monitoring from the railroad embankment was not conducted, the presence 

and quantity of poll utants in the runoff is unknown.  
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7  
DESIGN OF RESTORATION ALTERNATIVES 

Based on the findings of the baseline evaluations and stakeholder input , a set of three alternatives were 
developed to restore Pickle Pond. 

A stakeholder meeting was held on February 14, 2014 to discuss the baseline evaluations and discuss 
potential elements of the restoration.  From this meeting, three restoration alternatives were developed  
and are presented below.  A preliminary construction cost estimate was also developed for each 
alternative.  In addition to a discussion on the benefits and drawbacks of each alternative, additional 
considerations have been included.  Following this meeting, three restoration alternatives were developed 
and sent to the stakeholders for feedback. 

A second stakeholder meeting was held on April 11, 2014 to discuss the three restoration alternatives and 
decide on the preferred alternative.  The meeting and discussion led to a preferred alternative that is a 
hybrid of all three alternatives.  

Each of the three restoration alternatives and the preferred alternative are discussed in more detail below. 

7.1 Alternative 1: Remove Contaminated Sediments 

Alternative 1 consists of removing contaminated sediments and the addition of a berm/peninsula.  

Benefits 

¶ Removal of contaminated sediments will remove the risk of contaminants entering the food 

chain. 

¶ The berm/peninsula will enhance sediment settling in the south portion of the pond.  Sediments 

will settle out in the south end of the pond more quickly.  

¶ Maint enance sediment removal can be confined to the south end of the pond. 

Drawbacks 

¶ The south end of the pond will function as a stormwater pond/wetland and will accumulate 

sediment from the watershed over time. 

¶ Long-term maintenance activities will disturb th e south end of the pond. 

Long-term maintenance 

¶ The south end of the pond will require on-going sediment removal.  

¶ A dedicated long-term access is required. 

¶ Invasive plant management 

BUI Removal Contributions  

¶ Fish consumption advisories 

¶ Degraded fish and wildlife populations  

¶ Fish tumors and other deformities  

¶ Degradation of benthos 

¶ Excessive loading of nutrient and sediments 

¶ Loss of fish and wildlife habitat  
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Estimated Construction Cost 

¶ $1,900,000  

Additional Considerations  

¶ Property ownership and access 

¶ Property, legal, admin, engineering cost have not been included. 

¶ Stormwater routing changes from removing material  

¶ Construction BMPs to minimize sediment and pollutants in the water  

 

        Figure 7.1. Restorati on Alternative 1 ï Remove Contaminated Sediments.  
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7.2 Alternative 2: Diversify depth, structure, vegetation 

Alternative 2 consists of excavation on the north end of the pond to increase depth.  Excavated material 
will be used as cover on the south end of the pond.  This cover will act to sequester contaminated 
sediments and create a shallow wetland area (0-2 foot depth).  Once the desired depths have been 
established, vegetation appropriate to each zone will be established.  Structure (logs, rootwads, random 
boulders) will be added to the middle section of the pond to add cover and habitat diversity.  Vegetative 
buffer will be added along the shoreline.   

Benefits 

¶ Sequestering existing contaminated sediments with a clean sediment bioactive zone will limit the 

likelihood of contaminants entering the food chain.  

¶ Vegetation will provide shading and mitigate temperature fluctuations  

¶ Vegetation will provide filtration and pollutant uptake of direct runoff  

¶ Increased depth enhances habitat for large fish, adds habitat diversity and mitigate temperature 

fluctuations  

¶ North end of pond will have a sandy substrate ï less soft sediments 

Drawbacks 

¶ The south end of the pond will function as a stormwater pond/ wetland and will accumulate 

sediment from the watershed. 

¶ Long-term maintenance activities will disturb the south end of the pond.  

¶ Contaminated sediments will remain in the south end of the pond.  

Long-term maintenance 

¶ The south end of the pond will require on-going sediment removal.  

¶ A dedicated long-term access is required. 

¶ Invasive plant management 

BUI Removal Contributions  

¶ Fish consumption advisories 

¶ Degraded fish and wildlife populations  

¶ Fish tumors and other deformities  

¶ Degradation of benthos 

¶ Excessive loading of nutrient and sediments  

¶ Loss of fish and wildlife habitat  

Estimated Construction Cost 

¶ $1,300,000  

Additional Considerations  

¶ Property ownership and access 

¶ Property, legal, admin, engineering cost have not been included. 
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        Figure 7.2. Restoration Alternative 2 ï Diversify Depth, Structure, and Vegetation.  
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7.3 Alternative 3: Watershed controls 

Alternative 3 consists of introducing watershed controls and BMPs within the watershed to reduce 
sediments and associated pollutants. Structural Pollution Control Devices (SPCDôs) consist of 
underground manhole retrofits.  

 

Benefits 

¶ Significant removal of sediment and associated pollutants before entering Pickle Pond 

¶ Reduces the need for maintenance within Pickle Pond 

Drawbacks 

¶ Contaminants remain in Pickle Pond  

¶ No change to structure, diversity, and depth in Pickle Pond 

¶ SPCDôs can efficiently remove oil, grease, floatable trash, and coarse sediments, but do not 

efficiently remove fine sediment or pollutants.  

¶ A relatively large amount of land is needed in a mostly developed watershed. 

Long-term Maintenance  

¶ SPCDôs and bioretention basins require regular maintenance (1-2 times per year) 

¶ Invasive plant management 

BUI Removal Contributions  

¶ Fish consumption advisories  

¶ Degraded fish and wildlife populations  

¶ Fish tumors and other deformities  

¶ Degradation of benthos 

¶ Excessive loading of nutrient and sediments 

¶ Loss of fish and wildlife habitat  

Estimated Construction Cost 

¶ $5,500,000  

Additional Considerations  

¶ Property ownership and access 

¶ Property, legal, admin, engineering cost have not been included. 
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           Figure 7.3. Restoration Alternative 3 ï Watershed Controls.  
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7.4 Preferred Alternative: Remove contaminated sediment; diversify depth, vegetation, 

structure; and watershed controls. 

The preferred alternative includes removal of the contaminated sediments, diversification of depth, 
vegetation, and structure, and watershed controls. 

In addition to the  physical work, stakeholders identified the benefits of Education & Outreach for the 
public as well as promoting the partnership and collaboration of the stakeholders.   Long-term 
maintenance, responsibility, ownership, and cost was brought up as an important consideration to carry 
forward into the next phases of the project. 

Benefits 

¶ Removal of contaminated sediments will remove the risk of contaminants entering the food 

chain. 

¶ Vegetation will provide shading and mitigate temperature fluctuations  

¶ Vegetation will provide filtration and pollutant uptake of direct runoff  

¶ Increased structure will provide refuge for smaller fish  

¶ Increased depth enhances habitat for large fish, adds habitat diversity and mitigate temperature 

fluctuations  

¶ Significant removal of sediment and associated pollutants before entering Pickle Pond 

¶ Reduces the need for maintenance within Pickle Pond 

¶ Drawbacks 

¶ A relatively large amount of land is needed for effective bioretention in a mostly developed 

watershed. 

¶ Maintenance of the enhanced buffer may be needed. 

¶ Maintenance of the bioretention areas will be needed. 

Long-term Maintenance  

¶ Bioretention basins require regular maintenance (1-2 times per year). 

¶ Enhanced buffer maintenance, including invasive plant management.  

BUI Removal Contribution s  

¶ Fish consumption advisories 

¶ Degraded fish and wildlife populations  

¶ Fish tumors and other deformities  

¶ Degradation of benthos 

¶ Excessive loading of nutrient and sediments 

¶ Loss of fish and wildlife habitat  

Estimated Construction Cost 

 The estimated cost for the restoration of Pickle Pond is shown below.  The watershed controls 
shown below are in addition to the Pickle Pond restoration costs.  The watershed controls costs are shown 
on a per acre basis since the number of acres of bioretention have not been shown.  It should also be noted 
that a range is shown for bioretention costs, since the costs can be highly variable. 

¶ Pickle Pond Restoration $2,950,000  

¶ Watershed Controls  $150,000-200,000 per acre of bioretention  

Additional Considerations  

¶ Property ownership and access 

¶ Property, legal, admin, engineering cost have not been included. 
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        Figure 7.4. Preferred Alternative ï Remove Contaminated Sediments and Diversify Depth,    

        Structure, and Vegetat ion.  

 

 


































































































