
Effects of Recreational Boating
on the Upper Mississippi River System

St. Paul DistrictSt. Paul District

Dan Wilcox
St. Paul District 

U.S. Army Corps of Engineers

Web Team
The analysis of the effects of recreational boating on the UMRS was conducted as part of the Navigation Study, in order to assess the impacts of increased commercial navigation in context of other stressors on the river ecosystem.I would like to thank and acknowledge the many people who contributed to this work, in particular Steve Bartell and Kym Campbell of The Cadmus Group, Sandra Knights, Scott Bourne, and Nana Parchure of the ERDC, and Kevin Landwehr of the Rock Island District.
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A technical work group was formed in 1994 to scope out the approach to assessing effects of recreational boating on the UMRS.  This slide lists the people who comprised the Recreational Boating Technical Work Group.Scot Johnson, Alan Robbins-Fenger, Tim Kelly, Nani Bhowmik, Tim Asplund, Eric MacBeth, and Bruce Carlson were all involved research on recreational boating on the UMRS.



Primary Physical Effects

• Wake waves
• Propeller jets
• Noise
• Exhaust

Web Team
The recreational boating Technical Committee discussed the primary and secondary physical effects, and identified areas to address for the navigation study.  The highlighted topics became subjects of Navigation Study research to quantify effects of recreational boating on the UMRS.Wake waves were identified as a primary physical effect, causing significant impacts on the UMRS.



Secondary Physical Effects

• Sediment resuspension
• Bank erosion

Web Team
Secondary physical effects of wake waves include sediment resuspension in shallow areas and bank erosion.



Biological Effects

• Effects on aquatic plants
• Disturbance of fish
• Disturbance of wildlife
• Fish entrainment, impingement

Web Team
Sediment resuspension and wake waves were identified as potential mechanisms affecting aquatic plants on the UMRS.   Wake waves, sound, and light produced by passing recreational boats disturb fish and wildife.Recreational boat propellers entrain fish eggs and larvae, and strike adult fish.



Recreational Boating is Popular...
Big Business on the UMRS

• 6.9 million boater-days/year
• 2.6 million boat trips/year
• >600 developed boat access sites
• >18,000 marina slips
• 217,364 recreational boat lockages in 1999

Web Team
Recrational boating is popular on the UMRS and is an economically important activity.Carlson et al. (1995) reported that in 1990, there were:6.9 million boater-days/year2.6 million boat trips/year>600 developed boat access sites>18,000 marina slipsLast year, there were 217,000 recreational boat lockages on the UMRS.



Recreational Boating Forecast
and Allocation Model

(Carlson et al. 2000)

Unconstrained traffic 

Years 2000 - 2050

Total growth on UMR ~ 19.6%

Total growth on IL River ~ 22%

Highest near metropolitan areas

Web Team
In order to assess the present and future effects of recreational boating traffic, we prepared a boating traffic forecast and allocation model (Carlson et al. 2000).  This report has been published as a Navigation Study Technical Report.The model assumed unconstrained (not density dependent)  growth in traffic Forecast was for years 2000 - 2050, 10-year incrementsTotal growth on UMR ~ 19.6%Total growth on IL River ~ 22%Highest near metropolitan areasSteve Bartell and Kym Campbell of The Cadmus Group Inc. examined model sensitivity of input parameters and quantified the uncertainty of the results.
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In the St. Paul District, boating traffic is forecast to grow about 40% in Pool 3, which includes the St. Croix River, to about 640,000 boat trips /year.This navigation pool has by far the highest recreational boating traffic on the system.  Present traffic is nearly 500,000 trips/year.  Traffic in Pool 3 is projected to exceed 600,000 trips/year by 2050.
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Web Team
In the Rock Island District part of the UMR , boating traffic is considerably less.  The highest traffic is in Pool 19, with over 80,000 boat trips per year.  Growth is predicted to be more even between navigation pools than in the St. Paul District, with the most growth in traffic near the Quad Cities and in Pool 19.
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In the St. Louis District reach of the UMR, the most growth in boating traffic is forecast to be in Pool 26, near St. Louis.
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Most boating traffic increase is expected to occur in the Peoria pool on the Illinois River.



Sequence of recreational boating traffic 
allocation model development

v Trips /Year / Pool 
v Trips / Year / Boat Class 
v Trips / Month / Boat Class
v Trips / Day / Boat Class
v Trips/ Day / Boat Class / Navigated Area
§ Passes / Day / Boat Class / Navigated Area

Web Team
In addition to forecasting recreational boating traffic, we allocated the forecasted trips/year/pool to allow more assessment of impacts.  We made use of published information about recreational boating activity on the UMRS to allocate boating traffic by time of year.We allocated forecasted traffic in trips/year/pool  all the way to vessel passage events / day / boat class/ navigated area



Percent by Vessel Class of Boats on the Water 
Summer of 1996 on the Upper Mississippi and 

Illinois Rivers Averaged Over All Locations

• Sailboats 0.20%
• Fishing Boats 23.41%
• Pontoon Boats 2.78%
• Jet Skis 6.35%
• Medium Power Boats 40.48%
• Large Cruisers 24.01%
• Houseboats 2.78%

Web Team
We conducted direct observations of  the recreational boating fleet operating on the water on the UMR and Illinois Rivers in 1996.This slide illustrates the percent composition by vessel class overall.  There were not large differences in boating fleet composition by vessel class among the 10 locations on the UMRS where the observations were made.Fishing boats are trailerable open boats with outboard motors.  Medium power boats are runabouts.  Large cruisers are inboard-powered cabin cruisers.



Navigated 
Areas

GIS

Web Team
We held a series of  workshops with people familiar with recreational boating on their respective reaches of river.  We marked up hard-copy maps t o identify areas actually navigated by recreational boats.We attributed the maps according to “high, medium, and low’ use intensity, relative to that navigation pool.We then digitized the maps and generated a navigated areas GIS



Wake Wave Pattern

Web Team
Wake waves are produced by recreational boats, depending on boat shape, size, weight, and speed. Vessels moving slowly through the water are operating in the displacement mode at or below “hull speed,” and produce small wake waves.   As boats operating in the displacement mode are pushed to higher speeds, bow, stern, and transverse waves develop, leaving a characteristic set of wake waves. The pattern consists of symmetrical sets of diverging bow and stern waves that move obliquely out from the sailing line, and a single set of transverse waves that move in the direction of the sailing line. The diverging waves propagate at an angle of  35º 16' in deep water.  The transverse and diverging waves meet to form cusps that emanate at an angle of 19°28' from the sailing line. The highest waves in the pattern are found along this cusp line.   As boat speed increases, the wave lengths and celerities (wave speed) increase, but the pattern retains the same geometric shape.   A similar pattern of stern waves, typically of much lower amplitude, is superimposed on the pattern propagating from the bow of the boat 



Web Team
Boats that are designed to plane lift out over their bow wave at higher speeds and leave smaller wake waves when they are on plane, skimming over the water.   When a vessel planes the wake wave heights are lower than at slower speeds, and the wave heights do not noticeably increase with increasing speed. The highest recreational boat wake waves are generated by larger semi-planing hulls that are operating partly in the displacement mode at higher rates of speed.  Medium powerboats and large cruising boats are often operated in this manner.



Web Team
A total of 167 controlled experiments were conducted using boats typical of five of the vessel classes (jet ski, fishing boat,  medium power boat, large cruiser, house boat) in Pool 8 near LaCrosse Wisconsin  in November, 1995.  The site was instrumented and wake wave data were recorded at differerent distances from the boat sailing line. The experimental boats were tested unoaded



Web Team
And loaded



Web Team
This is a photo of  a large cruiser that was used in the wake wave experiments.  Note the semi-planing hull and the large wake.





Web Team
We did include a typical jet ski in the wake wave experiments.



Vessel Type                         Distance from Sailing Line
0 to 100 ft 100-300 ft 300-500 ft

Sailboats N/A N/A N/A
Jet Skis   8 cm 4 cm 0
Fishing Boats 16 cm 8 cm 4 cm
Pontoon 8 cm 4 cm 4 cm
Medium Power 24 cm 20 cm 10 cm
Large Cruisers 50 cm 40 cm 20 cm
House boats 8 cm 4 cm 4 cm

Maximum Wake Wave Heights

Web Team
Data obtained from this set of field experiments as well as data from other field experiments of wake waves generated by recreational boats was used to develop the table of maximum wake wave heights.Most sailboats operate in the displacement mode and do not generate wake waves of significant amplitude.Jet skis generate low wakes when operating on plane.Fishing boats make wake waves with maximum height of about 16 cm.Houseboats and pontoon boats generally produce low wake waves of about 8 cm maximum height.Medium powerboats and large cruisers produce the higher wake waves, up to about 50 cm.



Comparison of characteristics of typical wake 
waves generated by tow boats 

and recreational boats
Parameter Commercial tow

boat and barges
Recreational Boat

Duration of a
single event

400 seconds
or about 7
minutes

24 seconds

Number of
waves in one
event

200 12

Initial wave
height

2 cm 2 cm

Occurrence of
maximum wave
height

Wave #25 Wave #3

Intermediate
wave height

Wave #75 Wave #6

Ending wave
height

2 cm 4 cm

Period of each
wave

2 sec 2 sec

Web Team
There are differences in the characteristics of wake waves generated by recreational and commercial tows.Commercial tows produce many more waves, which pass over a period of about 7 minutes.Recreational boat wake wave trains pass over about 24 seconds and contain 12 waves with the 3rd wave being the highest.



Sediment Suspension Concentration With 
Recreatinal Boat Passage Events 

at 5 Minutes Interval, H max = 30 cm
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Web Team
Making use of field experiments of sediment resuspended in the near shore zone, data from other field experiments, sediment type data from the UMRS, and information from literature, Nana Parchure of the USACE ERDC developed a sediment resuspension model,This slide shows the increases and the decay of suspended sediment concentration from a series of wake wave events in the near shore zone in an area with fine-grained sediment.



Sediment Suspension Concentration with 
Recreational Boat Passage Events at 1 Minute 

Interval, H max = 30 cm
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Web Team
With higher frequency of wake waves, suspended sediment concentration increases above ambient levels toward an equillibrium concentration.



Equilibrium sediment concentrations (mg/L)
resuspended by recreational boat wake waves

Wave
height
(cm)

Equilibrium sediment concentration (mg L -1) at various inter-arrival times

1 min. 5 min. 10 min. 20 min. 30 min. 60 min.

10 1.0X10-3 4.1X10-4 2.8X10-4 2.0X10-4 1.7X10-4 1.3X10-4

20 325 110 78 58 50 38

30 865 230 160 110 95 75

40 800 330 240 175 140 110

50 1070 470 350 250 225 180

Web Team
The higher the wake wave height, and the more frequent the vessel passage events,  the higher the sediment concentration in the near-shore zone.



Estimated Reduction of Aquatic Plant Growth 
Due to Sediment Resuspended 

by Recreational Boats

Vessel Type Navigation Pool % Total Biomass Reduction

Wild Celery Sago
Jet ski none 0 0
Fishing boat 4, 7, 8, 9, 10 0 % to 9 % 0% to 6%
Medium powerboat 4 through 12 34 % to 79% 5% to 71%
Large cruiser All  4 - 13 8% to 100% 1% to 100%
House boat none 0 0
Pontoon none 0 0

Web Team
We applied the same plant growth models developed for water celery  and sago pondweed used  to assess the effects of  commercial traffic.Fishing boats, medium power boats, and large cruisers are predicted to cause ecologically significant reductions in the growth of aquatic plants in UMR channel border areas.  Based on the models, few plants should be able to survive in the channel border areas of the UMRS.  That plants do continue to occur in some of these areas  indicates that the model predictions are conservative.We developed an impact areas GIS which identifies where in the system recreational boat waves are predicted to break plants and suppress plant growth.



Locations in part of

Pool 13  where 

boat wake waves 

may break aquatic

plants

Web Team
We also applied the same plant breakage criteria used for assessing effects of commercial vessel wake waves.  We developed a plant impact areas GIS.This slide illustrates the locations in a part of Pool 13 where recreational boat wake waves may cause plant breakage.
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Web Team
Kevin Landwehr of Rock Island District examined the relationship between recreational boat wake wave height and the degree of bank erosion on the UMR.This slide indicates that the percent of unprotected banklinesthat are severely or moderately eroding increases with height of recreational boat wake waves that reach the bank.
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The converse was indicated, as well.   This slide indicates that the percent of unprotected stable banklines on the UMRS decreases with the height of recreational boat wake waves reaching the bank.



Classification of UMRS bank erosion potential 
by maximum height of waves (at the bank) 

generated by recreational boats

Erosion Potential Maximum Wave Height

High > 35 cm

Medium 20 – 35 cm

Low < 20 cm

Web Team
Kevin developed this table of UMRS bank erosion potential based on his analyses.  Unprotected banklines that receive wake waves >35 cm in height have the highest potential for erosion.These finding agree well with literature reports from other river systems.



Volume of Water Entrained Through 
Recreational Boat Propellers

EV = D P x PP x SP x VB x T x n    where:

EV = Volume of water entrained
D P = Propeller diameter
P P = Propeller pitch
S P = Propeller slip
VB = Boat speed
T   = Time
n  = Number of boats

Web Team
We calculated the amount of water entrained through recreational boat propellers on the UMRS, in order to assess the potential for entrainment of fish eggs and larvae in comparison to commercial vessels.



Estimated volumes of water entrained through 
recreational boat and towboat propellers on the 
UMRS during April through August in year 2000

River System Water Entrained Through
Recreational Boats (m3)

Water Entrained Through
Towboats (m3)

Upper Mississippi River
(impounded reach)

7.45 × 109 4.13 × 1010

Illinois Waterway 1.15 × 109 1.50 × 1010

Open River -- 7.74 × 109

Web Team
The estimated amount of water presently being entrained through recreational boat propellers during the April through August time period is (very approximately) one fifth (0.18) of the volume entrained through towboat propellers on the impounded reach of the UMR, and less than one tenth (0.08) of the volume of water entrained through towboat propellers on the Illinois River



Web Team
Recreational boating on the UMRS is a popular activity, with many ecological and social ramifications.Many of us feel the effects of crowding and noise when we attempt to recreate.Navigation safety is a big concern on the UMRS.



Web Team
We did review the literature to assess some of the other effects of recreational boating traffic for use in the Navigation Study EIS:- Crowding and quality of experience- Potential for accidents with commercial vessels- Effects on water quality- Effects on wildlife



Web Team
In conclusion, recreational boating has significant effects on the UMRS ecosystem and on the public using the river.	Bank erosion	Water quality	Aquatic plants	Fish entrainment and impingement	Quality of experienceWe examined these effects in order to better assess the effects of commercial traffic for the Navigation Study EIS in context of other stresses on the UMRS ecosystem.I hope that this information can also be of use in managing recreational boating on the UMRS.On an optimistic note, recreational boating is getting “greener” with the increased boater awareness of their effects and use of cleaner and quieter 4-stroke motors.  Despite increased traffic, boating is getting safer with more boater training, increased enforcement,  and a decline in the popularity of jet skis.




