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PROJECT GOALS AND OBJECTIVES 

The Marinette County Herbicide Enclosure Study Grant (ACEI22719) was approved in April 2019 to 

develop methods for the construction of lightweight, easily deployable curtain-walls for use as herbicide 

enclosures and develop procedures for their deployment, removal, and decontamination.  The impetus 

for the grant was the repeated poor performance of EWM control using herbicide “spot treatments” 

and applications in areas with significant water exchange.  Additionally, Curtain wall efficacy will be 

determined by conducting pre and post-treatment aquatic plant surveys and through herbicide residual 

monitoring to determine herbicide dissipation rates.  The grant period ends on June 30, 2021. 

 

PROJECT SITE 

Curtain-wall barriers are being 

tested on Thunder Lake, 

located in the Town of 

Stephenson (T32N, R18E, 

S15) in Marinette County 

Wisconsin (Figure 1).  

Thunder Lake is a 135-acre 

drainage lake with a maximum 

depth of 62 feet.  More than 

60% of the lake basin is 

greater than 20 feet deep.   

Water clarity is excellent with 

an average Secchi disk depth 

of nearly 20 feet.  Thunder 

Lake supports a moderately 

diverse aquatic plant 

community (Floristic Quality 

Index = 25.2).  Low-growing 

plants such as muskgrass 

(Chara sp.), common 

waterweed (Elodea canadensis), 

stonewort (Nitela sp.), and variable-leaf pondweed (Potamogeton graminaeus) are common.  Within the 

littoral zone there are extensive areas of shallow wave washed sand with limited aquatic plants.  In 

deeper water plant growth is abundant but the community remains dominated by low-growing species.  

The clear unstained water allows for plant growth to a maximum depth of 22 feet.  

 

HISTORY OF EWM MANAGEMENT EFFORTS 

Eurasian watermilfoil (EWM) was first reported from Thunder Lake in 1992.  Plant samples were 

collected and verified by the Freckman Herbarium at UW-Stevens Point.   EWM “behaved itself” for 

the first several years then started spreading in the early 2000’s.  Between 2001 and 2005 the Thunder, 

Island, Eagle Lakes Association stocked milfoil weevils (Euhrychiopsis lecontei) with little success.     

Figure 1.  Thunder Lake is located near High Falls Flowage, approximately 12 
miles west of Crivitz, WI. 
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Between 2009 and 2012 the lake association conducted herbicide treatments using early-season 

applications of 2,4-D.  These treatments covered 8.2 ac in 2009, decreasing to only 1.2 ac in 2012.  

These efforts were generally effective except for some of the smaller spot-treatments and near the lake 

inlet where it is suspected that water exchange was quickly diluting herbicide concentrations.    

 

The Marinette County Land & Water 

Conservation Division (LWCD) has 

conducted annual Diver Assisted 

Suction Harvesting (DASH) on 

Thunder Lake since 2013.  For several 

years DASH targeted scattered EWM 

plants and colonies and was successful 

at preventing the spread of EWM 

throughout the lake.  During this 

period, EWM continued to expand near 

the lake inlet where dense native plants 

hamper harvesting and flocculent 

organic sediment plugs the DASH boat 

return-water filters.  In 2017 and 2018, 

the DASH efforts shifted to controlling 

EWM near the lake inlet.  

Unfortunately, we found that using 

DASH to harvest dense, well-

established EWM is a poor use of time.  

Very little progress was made and 

shifting the focus allowed EWM to gain 

a foothold at several sites throughout 

the lake.   

 

The 2019 Herbicide Enclosure Study 

Grant application was in direct 

response to the difficulty of controlling EWM using aquatic herbicides near the lake inlet.  If successful, 

the barriers will be used to treat the larger EWM beds and smaller dense colonies, freeing up the DASH 

unit to focus on scattered plants and small colonies spread throughout the lake.  

 

The LWCD, along with volunteers from the Thunder, Island Eagle (T.I.E.) Lakes Association 

conducted EWM reconnaissance of Thunder Lake on July 19, 2019.  Viewing conditions were ideal with 

calm water and excellent water clarity, resulting in 18 to 20-foot visibility.  The resulting reconnaissance 

map (figure 2) shows the current state of EWM in Thunder Lake.  

Figure 2.  Thunder Lake 2019 EWM reconnaissance map. 
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TASK SUMMARY & PROGRESS UPDATE 

The following tasks are taken directly from the Marinette County Herbicide Enclosure Study grant 

activities, methods & data, and deliverables/outcomes: 

 

1.a. Construct 1000 feet of reusable curtain-walls for use in herbicide enclosure tests on 

Thunder Lake. 

 

The LWCD constructed 1200 feet of curtain-wall barriers for use in the 2019 field season.  Barriers 

were constructed in 100-foot lengths in 20, 10, and 5-foot widths to accommodate various water 

depths.  Curtain-walls are assembled using off-the-shelf components including reinforced 

polyethylene sheeting, closed-cell foam backer rod, and lead-core rope.  Construction of several 

purpose-built jigs allowed the LWCD to bring assembly time down to less than one hour for each 

100-foot curtain-wall. 

 

1.b. Develop methods and procedures for deploying and removing barriers in the field. 

 

The LWCD modified its’ DASH boat with a spooling mechanism to deploy and retrieve the curtain-

wall barriers.  In practice, barriers are anchored to shore then spooled out.  Barriers were placed 

along a pre-determined route using a Trimble T10 Tablet and R1 GNSS receiver providing sub-

meter accuracy.  Since DASH harvesting and SCUBA surveys show a maximum rooting depth of 15 

feet for EWM we followed the 17-foot depth contour while placing the barrier along the outer edge 

of the test plots.   

 

Adjoining barriers are fastened together with carabineers at the lead line and float line, with small 

clamps spaced every two or three feet in between.  Additional concrete anchors made from 20oz 

water bottles were added approximately every 20 feet and gallon-sized concrete anchors were placed 

at the junction of each barrier and at any sharp corner.   The spooled 100-foot long barriers are 

bulky and the pontoon boat could only hold about four of them and still leave room to work.  Using 

a second workboat to hold extra spools or ferry spools to the boat greatly improved efficiency. 

 

Once in position the barriers appeared to stay in place and floated at the surface despite small boat 

wakes and wave action.  A SCUBA diver conducted an underwater inspection of the in-place 

barriers and found that the lead line sealed against the lakebed with no visible gaps.  There are gaps 

where the curtain-wall segments are fastened together but the area of the gaps is insignificant 

compared to the area sealed off by the curtain-wall.       

 

Two enclosures were established near the Thunder Lake Inlet in May 2019 to test the efficacy of the 

curtain-wall barriers (figure 3).  The east enclosure used 330 feet of curtain-wall to enclose 0.9 acres 

and was left in place for 24 hours.  Upon completion of the test, the east barrier was lifted and 

moved to the west side of the bay.  The west enclosure used 630 feet of curtain wall to enclose 1.6 

acres.  The west enclosure remained in place for 72 hours.    
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Curtain-wall barrier installation was 

relatively easy, taking between six and ten 

minutes for each 100-foot long segment.  

Barrier drift was not an issue on the east 

enclosure, but the west curtain-wall drifted 

as much as 60 feet over the 72-hour period 

despite relatively calm conditions and 

limited boat traffic in the vicinity.  The 

LWCD is working on methods to add 

larger buoyed anchors for future enclosure 

tests.   

 

After some trial and error, we found it was 

easier if we first lifted the barriers where 

they were joined together and separated 

them.  The resulting curtain-wall segments 

were then attached to the spool at the lead 

line and float line using duct tape and 

cranked up.  This was a three-person job.  

Two to lift the curtain wall and detach the 

small anchors and one to wind them up 

onto the spool.  The boat should be 

positioned downwind of the curtain-walls 

because they get difficult to lift if the boat 

overruns them. 

 

1.c. Explore methods for decontaminating barriers to reduce the chance of spreading 

aquatic invasive species.  

In 2019, the curtain-wall barriers were not used on more than one lake so decontamination was not 

an issue.  In 2020 the LWCD will explore decontamination using a chlorine soak followed by air 

drying. 

 

It should be noted that barriers deployed for 24 hours had very little noticeable bio-fouling.  Barriers 

deployed for 72 hours had a considerable amount of “slime” and some algae starting to grow on 

them.  This may factor into deployment length and decontamination methods. 

 

2.a. Conduct EWM control trials within herbicide enclosures using different 2,4-D 

concentration exposure times to evaluate the effectiveness of herbicide enclosures. 

 

Two concentration exposure time (CET) field trials were conducted in 2019.  Evaluation included 

herbicide residual monitoring along with pre- and post-treatment aquatic plant surveys.     

Figure 3.  Herbicide trial enclosures and monitoring stations. 
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Both trials used Agri-Star 

Liquid 2,4-D Amine 4, applied 

via sub-surface injection.  The 

east enclosure CET target was 

4.0 ppm 2,4-D with a 24-hour 

contact time.  The west 

enclosure CET target was 2.0 

PPM 2,4-D with a 72-hour 

contact time.   

 

Enclosure effectiveness was 

evaluated by analyzing water 

samples for 2,4-D 

concentration at two interior 

sites and two exterior sites for 

each herbicide trial (figure 3).  

Samples were collected using an integrated sampler and analyzed for 2,4-D concentration at the 

Wisconsin State Lab of Hygiene.  The monitoring schedule was designed to evaluate herbicide 

dissipation rates within the enclosures, herbicide “leakage” from the enclosures, and herbicide 

dissipation rates following barrier removal.   

 

In both trials the 2,4-D concentration varied considerably during the first four hours as initial mixing 

occurred then settled into a more predictable pattern.  In the east enclosure the 2,4-D averaged 2.75 

ppm (4.0 ppm target) with the enclosure in place (figure 4).  In the west enclosure, after initial 

mixing the 2,4-D 

concentration was very 

stable, averaging 1.04 ppm 

(2.0 ppm target) with the 

enclosure in place (figure 5).  

Herbicide residuals outside 

of the enclosures remained 

very low throughout the 

trials and dissipation was 

rapid after curtain-wall 

barrier removal. 

 

Pretreatment and post-

treatment aquatic plant 

surveys were conducted 

according to WDNR 

prescribed point spacing 

and monitoring protocols 

Figure 4.  East Enclosure 2,4-D monitoring results. 

Figure 5.  West enclosure 2,4-D monitoring results. 
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(figure 6).  Pretreatment EWM frequency in the east enclosure (CET = 4 ppm/24 hr) was 75.8%.  

Post- treatment frequency of occurrence was 41.5% for a 45% reduction.  The west enclosure (CET 

= 2 ppm/72 hr) saw a 75% reduction in EWM, from 69.8% to 17.2%.   In both trials, EWM had 

mostly collapsed to the lakebed within three weeks of the herbicide application. 

 

In the west enclosure, the curtain-wall barrier drifted considerably (figure 6) and most of the 

surviving EWM was outside of the final barrier location.  These plants would have received a lower 

herbicide dose because of reduced exposure time.                     

  

Figure 6.  2019 herbicide CET trial results for Eurasian watermilfoil. 
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2020 WORK PLAN 

The grant proposal calls for conducting two additional enclosure studies in 2020 complete with 
herbicide residual analysis and aquatic plant community surveys.  The LWCD conducted pre-treatment 
point/intercept aquatic plant surveys on three potential enclosure test sites in 2019 and identified several 
smaller areas (1/4 acre or less) where very small enclosure trials could be conducted.  The LWCD is still 
working with DNR Biologists and AIS specialists to select the 2020 trial locations and determine the 
appropriate concentration exposure times. 

The LWCD will conduct post-treatment aquatic plant surveys of the 2020 enclosure trial sites to 
evaluate treatment effectiveness and evaluate effects on the native plant community.  Aquatic plant 
surveys will also be conducted on the 2019 enclosure trial sites (West Inlet and East Inlet). 

 


