FLAMBEAU RIVER FLOWAGES SEDIMENT ASSESSMENT, 2010
Craig Roesler, Water Quality Biologist 
Wisconsin DNR- Hayward

Background
Sediments in the flowages on the Flambeau River (a.k.a. North Fork Flambeau River) downstream of Park Falls were previously tested in 1989 and 1992.  Test results at that time showed high levels of mercury in the first 5 of these flowages.  Elevated levels of copper, lead, and zinc were also found.  Peak mercury concentrations were found at depth in the sediment core samples, indicating most mercury deposition occurred in the past.  Historic discharges from the paper mill in Park Falls are believed to be the source of most of these elevated metal concentrations.  Mercury was used as a slimicide at paper mills in the past.  The Park Falls wastewater treatment plant is also a potential source of some of these metals.
Upper Park Falls Flowage is upstream of both the paper mill and the wastewater treatment plant.  Sediment concentrations of all metals in this flowage were found to be low in the testing done in 1989.
The flowages tested downstream of Park Falls (upstream to downstream)(figure 1A) were:

· Lower Park Falls Flowage

· Pixley Flowage

· Crowley Flowage

· Big Falls Flowage

· Dairyland Flowage

· Ladysmith Flowage

· Thornapple Flowage

Sediment samples from these 7 flowages were again collected in April of 2010.  More current data will be useful for future management of these contaminated sediments and allow any changes in sediment chemistry in the last 20 years to be identified.

Methods
Sediment samples from two sites in each flowage were collected (figures 1 – 7).  Core samples were collected from the three most contaminated flowages (Lower Park Falls, Pixley, Crowley).  A 3 inch diameter clear acrylic coring tube was used for sample collection.  Sample core depths ranged from 1.65 to 2.77 ft.  Locations with accumulations of fine-grained, soft sediments were targeted for sample collection.  Cores were partitioned into four segments.  The top 0.35 ft. was the first segment of each core.  This is generally considered to be the biologically active surficial sediment layer.  Lengths of the remaining three segments varied.  When visually distinctive layers were present, they were used as the basis of segment division.  When visually distinctive layers were absent, segments of about equal length were used.

FIGURE 1A.  LOCATIONS OF SAMPLED FLOWAGES
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Surficial sediment grab samples were collected at the four downstream flowages (Big Falls, Dairyland, Ladysmith, Thornapple).  An Eckman dredge was used for sample collection.  Locations with accumulations of fine-grained, soft sediments were again targeted for sample collection.  Sample depths ranged from 0.35 to 0.5 ft. and were intended to approximate the biologically active surficial sediment layer.
Stainless steel and plastic implements were used for handling samples.  Samples were refrigerated and shipped on ice to the lab.  All analyses were done by the Wisconsin State Laboratory of Hygiene. 

Results and Discussion

Lab results and field data are shown in table 1 and 2.  Sediment Quality Guidelines (Wisconsin Dept. of Natural Resources, 2003) provide a basis for evaluating metal toxicity in sediment samples.  Threshold effect concentrations (TEC’s) are those at which harmful effects to benthic organisms may begin to occur.  Probable effect concentrations (PEC’s) are those at which harmful effects to benthic organisms are likely to occur.  TEC’s and PEC’s for the metals tested in the flowage samples are listed below.

	Metal (mg/kg)

	
	Arsenic
	Chromium
	Copper
	Mercury
	Lead
	Zinc

	TEC
	9.8
	43
	32
	0.18
	36
	120

	PEC
	33
	110
	150
	1.1
	130
	460


Metals concentrations in table 1 are color coded to highlight those of greatest concern.  Concentrations exceeding TEC’s are purple.  Concentrations exceeding PEC’s are bold red.
The first three flowages below Park Falls (Lower Park Falls, Pixley, Crowley) contain the most severely contaminated sediment.  Surficial layer (0-0.35 ft.) mercury concentrations exceed TEC’s at all sites in these flowages.  Surficial layer mercury concentrations exceed PEC’s at all sites in Pixley and Crowley flowages.  Peak mercury concentrations are found in deeper sediment layers at all sites.  The highest mercury concentration found was 6.55 mg/kg in the 0.95-1.55 ft. layer at the lower site in Crowley Flowage.  Mercury concentrations exceeding 4.0 mg/kg were found at one or more sites in each of the 3 flowages.
The surficial layer mercury concentration at the lower site in Lower Park Falls Flowage (0.549 mg/kg) was similar to that found at a nearby site in 1989 (0.67 and 0.60 mg/kg; 2 samples collected) (table 3).  A core sample taken at a nearby site in 1992 had a peak mercury concentration of 4.2 mg/kg at a sediment depth of 4.6-6.6 ft, while the 2010 core sample had a peak mercury concentration of 5.58 mg/kg at a sediment depth of 1.25-2.0 ft.  The peak mercury concentration in the 2010 core sample was about 4 feet closer to the surface than in the 1992 core sample.  Site to site variations in past sediment deposition, and differences in sample site locations, may account for the peak mercury concentration being much shallower in the sediment.  However, scouring of overlying surficial sediment layers during flood events is also a possibility.  Lower Park Falls Flowage is shallow and riverine (figure 1) and so is susceptible to sediment scouring.  A major flood event occurred on the Flambeau River in 1994.  The flood was severe enough to cause a partial washout of the embankment at the Ladysmith Flowage dam which resulted in that flowage being temporarily drained down to the river channel.
Mercury concentrations in Pixley Flowage sediment were roughly similar to those found in 1989 and 1992.  The lower site surficial layer mercury concentration was 1.37 mg/kg, while a nearby site in 1989 had a surficial layer mercury concentration of 2.3 and 0.74 mg/kg.  The middle site surficial layer mercury concentration was 1.54 mg/kg in 2010 compared to 1.9 mg/kg in 1992.  The middle site peak mercury concentration was 4.47 mg/kg at 1.35-2.35 in 2010 compared to 7.9 mg/kg at 2.5-3.1 ft. in 1992.  The peak mercury concentration in the 2010 core sample was about 1 foot closer to the surface than in the 1992 core sample.  Differences in sampling site locations might account for this.  However, the shallower mercury concentration peak might again be due to flood scouring of overlying surficial sediment at this site since it is close to the main channel and water depth is only 7 feet (figure 2).
The surficial layer mercury concentration at the lower site in the Crowley Flowage was 1.2 mg/kg compared to 1.6 and 1.5 mg/kg at a nearby site in 1989.  Core samples were not collected in Crowley Flowage during the 1989-92 sampling.  The two cores collected in 2010 both showed a peak mercury concentration of about 6.5 mg/kg in the 0.95 – 1.55 ft layer.
Copper, lead, and zinc were also present at concentrations exceeding TEC’s in the first 3 flowages.  Copper and lead concentrations in sediment samples from these 3 flowages are moderately correlated with mercury concentrations (mercury/ copper R2 = 0.42, mercury/lead R2 = 0.24) indicating a similar pattern of deposition.  However, zinc and mercury concentrations are not correlated (mercury/zinc R2 = 0.03).  Surficial layer zinc concentrations are at peak in 2 of the 6 sites and are close to peak in 2 others.  This suggests there may be a continuing source of zinc deposition or that zinc has some mobility in the sediment.  Samples were collected from the Flambeau River upstream and downstream of Park Falls on November 29th, 2010.  No significant increases in zinc, copper, or lead were seen in the downstream samples.  If there is a zinc source, it is not associated with a continuous discharge.
The lower 4 flowages (Big Falls, Dairyland, Ladysmith, Thornapple) have lower levels of metals contamination.  Only surficial sediment samples were collected for these.  Mercury concentrations do not exceed PEC’s at any of the 8 sites.  Mercury concentrations exceed TEC’s at 4 of the 8 sites, 1 site at Big Falls, 2 sites at Dairyland, and 1 site at Thornapple.  Zinc concentrations also exceed TEC’s at 3 of the 8 sites.  

Some of the variations in mercury and zinc concentrations at these sites are probably due to textural variations in the sediment samples.  Fine grained sediments have a greater capacity to adsorb metals than coarse grained sediments.  The samples with the higher percent solids (>42%) tend to contain more sand and have lower mercury and zinc concentrations than the samples with the lower percent solids (<28%) which contain more fine grained sediment (table 1).    
Textural and locational differences with previous samples limit comparisons for these 4 flowages.  However, textures and locations (deepest spot) from the lower site on Dairyland Flowage are similar.  The mercury concentration in the 2010 sample was 0.327 mg/kg compared to 1.3 mg/kg in 1989.  A 1997 surface grab sample collected from the same area of Dairyland Flowage (SEH, 1997) had a mercury concentration of 0.408 mg/kg.  The 1994 flood could have caused scouring of sediment and/or replacement with less contaminated sediment.  The Dairyland Flowage was also completely drawn down in 2007, which again could have resulted in sediment scouring or replacement.  
Concluding Remarks
 Metals, especially mercury, are present in the sediments of most of these flowages at levels likely to be causing biological impacts.  Surficial sediment mercury concentrations above 1 mg/kg (found in Pixley and Crowley Flowages) are expected to be toxic to 90% of benthic (bottom-dwelling) organisms (based on Ontario Sediment Quality Guidelines, 1993).  Surficial zinc concentrations above 220 mg/kg (found in Lower Park Falls, Pixley, and Crowley Flowages) are expected to be toxic to 50% of benthic organisms.  Surficial copper concentrations above 32 mg/kg (found in Lower Park Falls, Pixley, and Crowley Flowages) are expected to be toxic to 40% of benthic organisms.
Fish in these flowages are known to have high mercury concentrations.  However, there is not necessarily a direct relationship between sediment mercury concentrations and fish tissue mercury concentrations.  Fish in the Turtle Flambeau Flowage, a Flambeau River impoundment upstream of Park Falls, also have high mercury concentrations.

The dams for these flowages are designed to minimize sediment deposition.  Water intakes are open from the surface to considerable depths (see below).
	Flowage dam
	Maximum water intake depth (ft)
	Maximum flowage depth (ft)

	Lower Park Falls
	12.2
	16

	Pixley
	16
	23

	Crowley
	20.7
	23

	Big Falls
	35
	45

	Dairyland
	54.3
	70

	Ladysmith
	13.8
	19

	Thornapple
	12.1
	19


A 1997 sediment assessment (SEH,1997) of the Dairyland Flowage found a maximum depth of sediment accumulation of only 1.4 feet at the deepest spot in the flowage (69 ft), which is located about 1,100 feet from the dam.  Sediment accumulation averaged only 0.5 feet at 14 points along a transect in that area.
There are indications that contaminated sediment transport may be occurring in these flowages.  Sediment cores at Lower Park Falls Flowage and Pixley Flowage had peak mercury concentrations at shallower depths in 2010 than in 1992, which could be due to scouring of overlying surficial sediment.  Dairyland Flowage had lower surficial mercury concentrations in 1997 and 2010 than in 1992.  Scouring of sediment and replacement with less contaminated sediment seems likely.  The flood caused drawdown of the Ladysmith Flowage in 1994 would certainly have resulted in sediment scouring and downstream transport in that flowage.     

Periodic drawdowns for dam repairs and maintenance will continue to occur and will likely result in future transport of mercury.  Dairyland Flowage was almost completely drawn down in 2007 for repairs.  Planned drawdowns have a standard limit of a 6 inch per day water level drop, intended to minimize sediment resuspension and impacts to aquatic organisms.  Wind and wave conditions during the drawdown can greatly influence the amount of sediment resuspension that occurs.  
Flood events and related drawdowns will also continue to occur.  The Ladysmith Flowage was completely drawn down in 1994 due to flood damage.    Big Falls Flowage was drawn down in 2010 due to flood damage.  There is a much higher potential for sediment transport during emergency conditions when water levels can be lowered rapidly and stream flow is very high.   
Removal of the most contaminated areas of sediment would minimize future long term impacts and downstream transport of mercury.  Lower Park Falls, Pixley, and Crowley Flowages have the highest sediment mercury concentrations.

The possibility of enhancing sediment storage by reducing dam water intake depths could also be explored to reduce further downstream transport of contaminated sediment.  Presumably, shallower water intake depths would allow more sediment deposition and storage above the dams.  However, the effect may be limited to a small area close to the dam.
Sediment core results indicated a possible ongoing source of zinc inputs to the Flambeau River, since zinc concentrations were often at, or near peak in the surficial layer of sediment.  Additional monitoring of the Flambeau River in the Park Falls area should be done to check on this.
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[image: image8.jpg]TABLE 1. FLAMBEAU RIVER FLOWAGES SEDIMENT TEST RESULTS, APRIL 2010
Values in purple exceed CBSQG threshold effects concentrations
Values in bold red exceed CBSQG probable effects concentrations

General Sample Arsenic Chromium Copper Lead Mercury Zinc Solids Volatile
Flowage Location Depth (ft) (ma/ka) (ma/ka) (ma/kg) (ma/ka) (malkg) (malk@) (%) Solids (%)
Lower

Park Falls  Upper 0.0-0.35 < 26.8 257 25 0.215 150 215 20.2
0.35-0.75 <1 32.8 54.7 46 1.26 384 18.2 299
0.75-1.15 <1 29.7 528 70 0.444 245 279 252
1.15-1.65 <1 223 426 55 1.35 124 225 396
Lower 0.0-0.35 <1 352 38.8 29 0.549 227 10.9 29.2
0.35-1.25 <1 27.8 28.9 36 0.213 183 29 19.3
1.25-2.00 <1 355 76 58 5.58 179 17.2 39.2
2.00-2.75 <1 27.3 8238 70 2.51 146 15.4 46.1
Pixley Middle 0.0-0.35 <1 326 337 26 1.54 244 171 25
0.35-1.35 <1 32.3 62.3 45 2.88 263 204 28.3
1.35-2.35 <1 34 103 63 4.47 184 174 38.1
235-2.77 <1 26.6 102 51 0.729 168 17.9 38
Lower 0.0-0.35 21 334 457 35 1.37 291 14 30.9
0.35-1.00 <1 32 85.5 57 3.79 255 15.1 35.9
1.00 - 1.50 <1 26.1 97.8 61 0.906 198 127 39.8
1.50 - 2.05 3 27 52.1 46 0.373 168 13.3 40.5
Crowley Middle 0.0-0.35 <1 33.4 395 30 1.45 236 142 28.2
0.35-0.95 1 33.3 744 48 4.04 256 16.3 30.4
0.95-1.55 <1 32.8 103 57 6.48 218 16.8 334
1.55-2.40 <1 8.1 9.5 8 0.093 23 53.3 T
Lower 0.0-0.35 <1 35.7 39.6 32 1.2 254 14.5 29.2
0.35-0.95 <1 33.6 52.9 43 1.56 334 171 30.6
0.95-1.55 1 33.9 90 58 6.55 248 15.8 34.8
1.65-2.35 <1 26.4 825 44 1.78 171 221 30.3
Big Falls  Middle 0.0-0.35 <1 127 8.1 5 0.057 71 421 4.7
Lower 0.0-0.50 <1 31.7 23.7 16 0.314 167 15.1 228
Dairyland Middle 0.0 -0.50 <1 31.3 229 24 0.459 180 17 20
Lower  0.0-0.50 5 235 23 25 0.327 145 14 20
Ladysmith Middle 0.0-0.35 <1 11.9 8.9 1" 0.069 64 46.6 71
Lower 0.0-0.35 <1 10.9 8.2 5 0.042 64 496 73
Thornapple Middle 0.0 - 0.40 21 12.9 12.3 11 0.067 69 534 57

Lower  0.0-0.40 <1 17.9 18.5 17 0.138 95 275 13.9





[image: image9.jpg]TABLE 2. FLAMBEAU RIVER FLOWAGES SEDIMENT SAMPLE SITE LOCATIONS
AND CHARACTERISTICS, APRIL 2010

General
Flowage Location

Site coordinates
Latitude Longitude Depth(ft) Appearance

Water

Sediment

Lower
Park Falls  Upper

Lower

Pixley Middle

Lower

Crowley  Middle

Lower

Big Falls  Middle
Lower
Dairyland Middle
Lower
Ladysmith Middle
Lower
Thornapple Middle

Lower

45.92797

45.91516

45.9011

45.88543

45.86683

45.8716

45.57037

45.55781

45.52242

45.49018

45.46704

45.46679

45.41812

45.4134

90.44779

90.44547

90.49617

90.50722

90.57335

90.58089

90.94893

90.95806

90.9771

91.04294

91.09784

91.08855

91.2084

91.21574

4.5

10.1

20

22

27

75

13

dk brn, smooth

dk brn, smooth

grey-brn, clayey

brn, with abundant wood fragments

dk brn, smooth
dk brn, smooth
brn, with some wood fragments
brn, with more wood fragments

dk brn, smooth

med brn, smooth

med brn, with some wood fragments/fibers
med brn, with some wood fragments/fibers
nd

nd

nd

nd

med brown, smooth

med brown, smooth

med brown, smooth

med brown, with wood fragments and sand
dk brn, smooth

dk brn, smooth

med brn, smooth

med brn, smooth

med brn, fines and sand

dk brn, smooth

med brn, smooth

dk brn, smooth

med brn, sandy silt

med brn, silty sand

med brn, silt, some sand

med brn, silt, some sand





[image: image10.jpg]TABLE 3.

FLAMBEAU RIVER FLOWAGES SEDIMENT SAMPLE SUMMARY FOR 1989-1992 DATA

UPPER PARK FALLS FLOWAGE

map-estimated map-estimated

date method location depth(ft) latitude longitude
09/20/1989 ponar midstream across from park pavillion 12 45.94148 90.44182
comments
dark brown, silty texture
lab results (ma/kg
Arsenic Cadmium Chromium Copper Lead Mercury Nickel Selenium Zinc
39,42 <1,1 29,29 14,14 21,14 007,012 15,15 <2,<2 91,92
% moisture % vol. solids
68, 75 15, 16

LOWER PARK FALLS FLOWAGE

map-estimated map-estimated

date method location depth(ft) latitude longitude
09/20/1989 ponar 100 yd. upstream of dam 8 45.91442 90.44667
comments
upper - fine dark organic silts, lower - larger % fine wood chips
lab results (ma/kg
Arsenic Cadmium Chromium Copper Lead Mercury Nickel Selenium Zinc
42,41 e 20,17 27,28 30,17 0.67,0.60 9,10 <2,<2 340, 370
% moisture % vol. solids
78,79 56, 55
map-estimated map-estimated
date method location depth(ft) latitude longitude
05/27/1992 core tube 50 yd off N. shore, just left of center of 8 ? ?
power house
lab results (mg/k
core layer (m Mercury PCB % TOC % sand % silt % clay
14-20 4.2 <0.10 24 97 1 2





[image: image11.jpg]TABLE 3.(continued)

PIXLEY FLOWAGE
map-estimated map-estimated
date method location depth(ft) latitude longitude
09/20/1989 ponar 200 yd upstream of dam 20 45.88135 90.510839
comments
none
lab results (ma/kq)
Arsenic Cadmium Chromium Copper Lead Mercury Nickel Selenium Zinc
5.0,5.0 2,2 33,31 66, 49 53, 32 23,074 16, 15 <2,<2 460, 480
% moisture % vol. solids
84, 86 33,31
map-estimated map-estimated
date method location depth(ft) latitude longitude
05/28/1992 core tube 90 yd off S. shore at center of Smith Lake 590r9.2? 45.9011 90.49617
lab results (ma/kg
core layer (m Mercury PCB % TOC % sand % silt % clay
0.25-0.50 1.9 0.47 17 76 23 1
0.50-0.756 58 <0.20 16 82 17 1
0.75-0.95 7.9 <0.15 20 89 10 1
1.00-1.25 20 <0.08 23 86 20 1
1.25 - 1.50 0.89 <0.05 20 95 4 1
1.50 - 1.75 0.97 <0.05 22 86 5 9
1.75-2.03 0.56 <0.05 23 85 5 10
CROWLEY FLOWAGE
map-estimated map-estimated
date method location depth(ft) latitude longitude
09/20/1989 ponar 200 yd upstream of dam 20 45.87061 90.58501
comments
dark brown, very fine
lab results (ma/kg)
Arsenic Cadmium Chromium Copper Lead Mercury Nickel Selenium Zinc
53,62 2.2 32,30 54, 51 30,25 16,15 17,16 <2,<2 390, 360
% moisture % vol. solids
88, 89 32,32

BIG FALLS FLOWAGE

date method location
06/27/1989  petite ponar? 300 yd above dam
comments
brown/black, very fine, high organics
lab results (ma/kg
Arsenic Cadmium Chromium Copper
75 2 31 21
% moisture % vol. solids pesticides PCB

map-estimated map-estimated

86 26 no detect  <0.05

depth(ft) latitude longitude
40 45.55903 90.96151
Lead Mercury Nickel Selenium Zinc
22 0.67 14 <2 160
% TOC
10.8




[image: image12.jpg]TABLE 3.(continued)

DAIRYLAND FLOWAGE
map-estimated map-estimated
date method location depth(ft) latitude longitude
06/27/1989  petite ponar? deep spot 70 45.49046 91.04269
comments
brown/black, high organics
lab results (mg/ka)
Arsenic Cadmium Chromium Copper Lead Mercury Nickel Selenium Zinc
72 2 39 22 40 1.3 16 <2 160
% moisture % vol. solids pesticides PCB % TOC
83 19 no detect  <0.05 4.9
LADYSMITH FLOWAGE
map-estimated map-estimated
date method location depth(ft) latitude longitude
06/27/1989  petite ponar? 1/4 mile above dam 15 45.46637 91.08851
comments
brown, fine; had problems with sticks, coarse material closer to dam
lab results (ma/ka)
Arsenic Cadmium Chromium Copper Lead Mercury Nickel Selenium Zinc
2.2 <1 12 15 8 0.07 10 <2 52
% moisture % vol. solids pesticides PCB % TOC
41 2 no detect  <0.05 1
THORNAPPLE FLOWAGE
map-estimated map-estimated
date method location depth(ft) latitude longitude
06/27/1989 petite ponar 1,000 ft above dam 15 45.41416 91.21641
comments
brown, mostly mineral fines; no soft sediment closer to dam
lab results (mg/kg)
Arsenic Cadmium Chromium Copper Lead Mercury Nickel Selenium Zinc
27 <1 16 14 156 0.2 12 <2 150
% moisture % vol. solids pesticides PCB % TOC
49 4 no detect  <0.05 22
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