Things to do:
James and Christine

Review Powerpoint presentation summarizing results last year

Retrieve/review wq data for project—see what 

Still has not arrived for FY06


what is finished loading—analyses could be started

Christine—


Read UMIS bed sediment reports for basic template of what/how to write


Download/load sediment data into S-PLUS to analyze


Analyses to do



Summarize all data concentrations (min, median, max)



Statistically compare concentrations up/downstream Seguchie

James—


Write environmental setting, methods
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Cover illustration – photo of old Highway 169 and ice houses on Mille Lacs Lake?

Error! Bookmark not defined.1. Map showing study area and sampling locations in Seguchie Creek and wetlands 9, 15, and 16 with inset showing upstream and downstream sampling locations on Seguchie Creek, transects sampled on wetlands 9, 15, 16  MAY REQUIRE SEPARATE ILLUSTRATIONS?.


Error! Bookmark not defined.2. Graph showing streamflow at upstream and downstream gages on Seguchie Creek.



 TOC \t "FigureCaption" \c 
3. Graph showing comparative boxplots of selected constituents at at upstream and downstream gages on Seguchie Creek
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Error! Bookmark not defined.4. Graph showing selected constituents in Seguchie Creek


Error! Bookmark not defined.5. Photographs showing bed sediment in (A) Seguchie Creek and (B) wetland ##.


Error! Bookmark not defined.6. Graph showing selected constituents detected in bed sediment in Seguchie Creek and wetlands.
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152. Loads of suspended sediment, dissolved chloride and selected nutrients in Seguchie Creek.



Conversion Factors

Inch/Pound to SI

	Multiply
	By
	To obtain

	Length

	inch (in.)
	2.54
	centimeter (cm)

	inch (in.)
	25.4
	millimeter (mm)

	foot (ft)
	0.3048
	meter (m)

	mile (mi)
	1.609
	kilometer (km)

	mile, nautical (nmi)
	1.852
	kilometer (km)

	yard (yd)
	0.9144
	meter (m)

	Area

	acre
	4,047
	square meter (m2)

	acre
	0.4047
	hectare (ha)

	acre
	0.4047
	square hectometer (hm2) 

	acre
	0.004047
	square kilometer (km2)

	square foot (ft2)
	929.0
	square centimeter (cm2)

	square foot (ft2)
	 0.09290
	square meter (m2)

	square inch (in2)
	6.452
	square centimeter (cm2)

	section (640 acres or 1 square mile)
	259.0
	square hectometer (hm2) 

	square mile (mi2)
	259.0
	hectare (ha)

	square mile (mi2)
	 2.590
	square kilometer (km2) 

	Volume

	barrel (bbl), (petroleum, 
1 barrel=42 gal)
	0.1590
	cubic meter (m3) 

	ounce, fluid (fl. oz)
	 0.02957
	liter (L) 

	pint (pt)
	 0.4732
	liter (L) 

	quart (qt)
	 0.9464
	liter (L)  

	gallon (gal)
	 3.785
	liter (L) 

	gallon (gal)
	 0.003785
	cubic meter (m3) 

	gallon (gal)
	3.785
	cubic decimeter (dm3) 

	million gallons (Mgal)
	  3,785
	cubic meter  (m3)

	cubic inch (in3)
	16.39
	cubic centimeter (cm3) 

	cubic inch (in3)
	0.01639
	cubic decimeter (dm3) 

	cubic inch (in3)
	0.01639
	liter (L)

	cubic foot (ft3)
	28.32
	cubic decimeter (dm3) 

	cubic foot (ft3)
	 0.02832
	cubic meter (m3) 

	cubic yard (yd3)
	0.7646
	cubic meter (m3) 

	cubic mile (mi3)
	 4.168
	cubic kilometer (km3) 

	acre-foot (acre-ft)
	   1,233
	cubic meter (m3)

	acre-foot (acre-ft)
	 0.001233
	cubic hectometer (hm3) 

	Flow rate

	acre-foot per day (acre-ft/d)
	0.01427
	cubic meter per second (m3/s)

	acre-foot per year (acre-ft/yr)
	  1,233
	cubic meter per year (m3/yr)

	acre-foot per year (acre-ft/yr)
	0.001233
	cubic hectometer per year (hm3/yr)

	foot per second (ft/s)
	 0.3048
	meter per second (m/s)

	foot per minute (ft/min)
	 0.3048
	meter per minute (m/min)

	foot per hour (ft/hr)
	 0.3048
	meter per hour (m/hr) 

	foot per day (ft/d)
	0.3048
	meter per day (m/d)

	foot per year (ft/yr)
	0.3048
	meter per year (m/yr)

	cubic foot per second (ft3/s)
	 0.02832
	cubic meter per second (m3/s)

	cubic foot per second per square mile [(ft3/s)/mi2]
	 0.01093
	cubic meter per second per square kilometer [(m3/s)/km2]

	cubic foot per day (ft3/d)
	 0.02832
	cubic meter per day (m3/d)

	gallon per minute (gal/min)
	 0.06309
	liter per second (L/s)

	gallon per day (gal/d)
	 0.003785
	cubic meter per day (m3/d)

	gallon per day per square mile [(gal/d)/mi2]
	 0.001461
	cubic meter per day per square
kilometer [(m3/d)/km2]

	million gallons per day (Mgal/d)
	 0.04381
	cubic meter per second (m3/s)

	million gallons per day per square mile [(Mgal/d)/mi2]
	1,461
	cubic meter per day per square
kilometer [(m3/d)/km2]

	inch per hour (in/h)
	0 .0254
	meter per hour (m/h)

	inch per year (in/yr)
	25.4
	millimeter per year (mm/yr)

	mile per hour (mi/h)
	 1.609
	kilometer per hour (km/h) 

	Mass

	ounce, avoirdupois (oz)
	28.35
	gram (g) 

	pound, avoirdupois (lb)
	0.4536
	kilogram (kg) 

	ton, short (2,000 lb)
	 0.9072
	megagram (Mg) 

	ton, long (2,240 lb)
	1.016
	megagram (Mg) 

	ton per day (ton/d)
	0.9072
	metric ton per day

	ton per day (ton/d)
	 0.9072
	megagram per day (Mg/d)

	ton per day per square mile 
[(ton/d)/mi2]
	 0.3503
	megagram per day per square
kilometer [(Mg/d)/km2]

	ton per year (ton/yr)
	0.9072
	megagram per year (Mg/yr)

	ton per year (ton/yr)
	0.9072
	metric ton per year

	Pressure

	atmosphere, standard (atm)
	101.3
	kilopascal (kPa)

	bar
	100
	kilopascal (kPa) 

	inch of mercury at 60ºF (in Hg)
	3.377
	kilopascal (kPa) 

	pound-force per square inch 
(lbf/in2)
	6.895
	kilopascal (kPa)

	pound per square foot (lb/ft2)
	0.04788
	kilopascal (kPa) 

	pound per square inch (lb/in2)
	6.895
	kilopascal (kPa) 

	Density

	pound per cubic foot (lb/ft3)
	16.02
	kilogram per cubic meter (kg/m3)

	pound per cubic foot (lb/ft3)
	0.01602
	gram per cubic centimeter (g/cm3)

	Energy

	kilowatthour (kWh)
	3,600,000
	joule (J)

	Radioactivity

	picocurie per liter (pCi/L)
	0.037
	becquerel per liter (Bq/L) 

	Specific capacity

	gallon per minute per foot 
[(gal/min)/ft)]
	 0.2070
	liter per second per meter [(L/s)/m]

	Hydraulic conductivity

	foot per day (ft/d)
	 0.3048
	meter per day (m/d)

	Hydraulic gradient

	foot per mile (ft/mi)
	 0.1894
	meter per kilometer (m/km)

	Transmissivity*

	foot squared per day (ft2/d)
	 0.09290
	meter squared per day (m2/d) 

	Application rate

	pounds per acre per year 
[(lb/acre)/yr]
	 1.121
	kilograms per hectare per year
[(kg/ha)/yr]

	Leakance

	foot per day per foot [(ft/d)/ft]
	1
	meter per day per meter

	inch per year per foot [(in/yr)/ft]
	83.33
	millimeter per year per meter
[(mm/yr)/m]


Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8×°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees  Celsius (°C) as follows:

°C=(°F-32)/1.8

Vertical coordinate information is referenced to the insert datum name (and abbreviation) here for instance, “North American Vertical Datum of 1988 (NAVD 88).”

Horizontal coordinate information is referenced to the insert datum name (and abbreviation) here for instance, “North American Datum of 1983 (NAD 83).”

Altitude, as used in this report, refers to distance above the vertical datum.

*Transmissivity: The standard unit for transmissivity is cubic foot per day per square foot times foot of aquifer thickness [(ft3/d)/ft2]ft. In this report, the mathematically reduced form, foot squared per day (ft2/d), is used for convenience.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (µg/L).

NOTE TO USGS USERS: Use of hectare (ha) as an alternative name for square hectometer (hm2) is restricted to the measurement of small land or water areas. Use of liter (L) as a special name for cubic decimeter (dm3) is restricted to the measurement of liquids and gases. No prefix other than milli should be used with liter. Metric ton (t) as a name for megagram (Mg) should be restricted to commercial usage, and no prefixes should be used with it.

SI to Inch/Pound
	Multiply
	By
	To obtain

	Length

	centimeter (cm)
	0.3937
	inch (in.)

	millimeter (mm)
	0.03937
	inch (in.)

	meter (m)
	3.281
	foot (ft) 

	kilometer (km)
	0.6214
	mile (mi)

	kilometer (km)
	0.5400
	mile, nautical (nmi) 

	meter (m)
	1.094
	yard (yd) 

	Area

	square meter (m2)
	0.0002471
	acre 

	hectare (ha)
	2.471
	acre

	square hectometer (hm2)
	2.471
	acre

	square kilometer (km2)
	247.1
	acre

	square centimeter (cm2)
	0.001076
	square foot (ft2)

	square meter (m2)
	10.76
	square foot (ft2) 

	square centimeter (cm2)
	0.1550
	square inch (ft2) 

	square hectometer (hm2)
	0.003861
	section (640 acres or 1 square mile)

	hectare (ha)
	0.003861
	square mile (mi2) 

	square kilometer (km2)
	0.3861
	square mile (mi2)

	Volume

	cubic meter (m3)
	6.290
	barrel (petroleum, 1 barrel = 42 gal)

	liter (L)
	33.82
	ounce, fluid (fl. oz)

	liter (L)
	2.113
	pint (pt)

	liter (L)
	1.057
	quart (qt)

	liter (L)
	0.2642
	gallon (gal)

	cubic meter (m3)
	264.2
	gallon (gal) 

	cubic decimeter (dm3)
	0.2642
	gallon (gal) 

	cubic meter (m3)
	0.0002642
	million gallons (Mgal) 

	cubic centimeter (cm3)
	0.06102
	cubic inch (in3) 

	cubic decimeter (dm3)
	61.02
	cubic inch (in3) 

	liter (L)
	61.02
	cubic inch (in3) 

	cubic decimeter (dm3)
	0.03531
	cubic foot (ft3) 

	cubic meter (m3)
	35.31
	cubic foot (ft3)

	cubic meter (m3)
	1.308
	cubic yard (yd3) 

	cubic kilometer (km3)
	0.2399
	cubic mile (mi3) 

	cubic meter (m3)
	0.0008107
	acre-foot (acre-ft) 

	cubic hectometer (hm3)
	810.7
	acre-foot (acre-ft) 

	Flow rate

	cubic meter per second (m3/s)
	70.07
	acre-foot per day (acre-ft/d) 

	cubic meter per year (m3/yr)
	0.000811
	acre-foot per year (acre-ft/yr) 

	cubic hectometer per year (hm3/yr)
	811.03
	acre-foot per year (acre-ft/yr)

	meter per second (m/s)
	3.281
	foot per second (ft/s) 

	meter per minute (m/min)
	3.281
	foot per minute (ft/min) 

	meter per hour (m/hr)
	3.281
	foot per hour (ft/hr)

	meter per day (m/d)
	3.281
	foot per day (ft/d)

	meter per year (m/yr)
	3.281
	foot per year ft/yr) 

	cubic meter per second (m3/s)
	35.31
	cubic foot per second (ft3/s)

	cubic meter per second per square kilometer [(m3/s)/km2]
	91.49
	cubic foot per second per square mile [(ft3/s)/mi2]

	cubic meter per day (m3/d)
	35.31
	cubic foot per day (ft3/d) 

	liter per second (L/s)
	15.85
	gallon per minute (gal/min) 

	cubic meter per day (m3/d)
	264.2
	gallon per day (gal/d) 

	cubic meter per day per square
kilometer [(m3/d)/km2]
	684.28
	gallon per day per square mile 
[(gal/d)/mi2]

	cubic meter per second (m3/s)
	22.83
	million gallons per day (Mgal/d) 

	cubic meter per day per square
kilometer [(m3/d)/km2]
	0.0006844
	million gallons per day per square mile [(Mgal/d)/mi2]

	cubic meter per hour (m3/h)
	39.37
	inch per hour (in/h)

	millimeter per year (mm/yr)
	0.03937
	inch per year (in/yr) 

	kilometer per hour (km/h) 
	0.6214
	mile per hour  (mi/h)

	Mass

	gram (g)
	0.03527
	ounce, avoirdupois (oz)

	kilogram (kg)
	2.205
	pound avoirdupois (lb)

	megagram (Mg)
	1.102
	ton, short (2,000 lb)

	megagram (Mg)
	0.9842
	ton, long (2,240 lb)

	metric ton per day
	1.102
	ton per day (ton/d) 

	megagram per day (Mg/d)
	1.102
	ton per day (ton/d) 

	megagram per day per square
kilometer [(Mg/d)/km2]
	2.8547
	ton per day per square mile 
[(ton/d)/mi2]

	megagram per year (Mg/yr)
	1.102
	ton per year (ton/yr)

	metric ton per year
	1.102
	ton per year (ton/yr) 

	Pressure

	kilopascal (kPa)
	0.009869
	atmosphere, standard (atm)

	kilopascal (kPa)
	0.01
	bar

	kilopascal (kPa)
	0.2961
	inch of mercury at 60°F (in Hg)

	kilopascal (kPa)
	0.1450
	pound-force per inch (lbf/in) 

	kilopascal (kPa)
	20.88
	pound per square foot (lb/ft2) 

	kilopascal (kPa)
	0.1450
	pound per square inch (lb/ft2)  

	Density

	kilogram per cubic meter (kg/m3) 
	0.06242
	pound per cubic foot (lb/ft3)  

	gram per cubic centimeter (g/cm3)
	62.4220
	pound per cubic foot (lb/ft3)  

	Energy

	joule (J)
	0.0000002
	kilowatthour (kWh)

	Radioactivity

	becquerel per liter (Bq/L)
	27.027
	picocurie per liter (pCi/L) 

	Specific capacity

	liter per second per meter [(L/s)/m]
	4.831
	gallon per minute per foot [(gal/min)/ft]

	Hydraulic conductivity

	meter per day (m/d)
	3.281
	foot per day (ft/d) 

	Hydraulic gradient

	meter per kilometer (m/km)
	5.27983
	foot per mile (ft/mi) 

	Transmissivity*

	meter squared per day (m2/d)
	10.76
	foot squared per day (ft2/d) 

	Application rate

	kilograms per hectare per year 
[(kg/ha)/yr]
	0.8921
	pounds per acre per year 
[(lb/acre)/yr]

	Leakance

	meter per day per meter [(m/d)/m]
	1
	foot per day per foot [(ft/d)/ft]

	millimeter per year per meter
[(mm/yr)/m]
	0.012
	inch per year per foot [(in/yr)/ft]


Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8×°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees  Celsius (°C) as follows:

°C=(°F-32)/1.8

Vertical coordinate information is referenced to the insert datum name (and abbreviation) here, for instance, “North American Vertical Datum of 1988 (NAVD 88)”

Horizontal coordinate information is referenced to the insert datum name (and abbreviation) here, for instance, “North American Datum of 1983 (NAD 83)”

Altitude, as used in this report, refers to distance above the vertical datum.

*Transmissivity: The standard unit for transmissivity is cubic foot per day per square foot times foot of aquifer thickness [(ft3/d)/ft2]ft. In this report, the mathematically reduced form, foot squared per day (ft2/d), is used for convenience.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25°C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (µg/L).

NOTE TO USGS USERS: Use of hectare (ha) as an alternative name for square hectometer (hm2) is restricted to the measurement of small land or water areas. Use of liter (L) as a special name for cubic decimeter (dm3) is restricted to the measurement of liquids and gases. No prefix other than milli should be used with liter. Metric ton (t) as a name for megagram (Mg) should be restricted to commercial usage, and no prefixes should be used with it.

Water- and bed-sediment quality of Seguchie Creek and selected wetlands tributary to Mille Lacs Lake in Aitkin County, Minnesota, October 2003 – December 2006

By Fallon, J.D., and Yaeger, C.S.
Abstract
The U.S. Geological Survey sampled paired stream sites and three wetlands draining to Mille Lacs Lake, Minnesota, in order to establish baseline water and bed-sediment quality conditions prior to proposed construction of a divided four-lane highway.  Samples were collected August? 2003 to November? 2006 for analyses of constituents in water or bed sediment normally associated with highway construction, maintenance and associated development, including suspended sediment, nutrients, major ions and metals in water, and metals and organic compounds in suspended sediment.  

The paired stream sites were located upstream and downstream of the proposed highway route.  Concentrations of most constituents were not statistically different (p>0.05) between the sites.  
In wetlands water, concentrations of nutrients were among the highest sampled for this study ranging from __ to ___ mg/L.   In wetland bed sediment, concentrations of most metal and organic constituents were low.  
Introduction
Highway construction and associated changes in land use near highways can affect the quality of surrounding water resources.  A four-lane expansion of US Highway 169 is planned along the west side of Mille Lacs Lake, Minnesota.  Mille Lacs Lake, the second largest lake in Minnesota by surface area (206 mi2), is known for its exceptional fisheries and water quality, and is an extremely popular recreational area.  Many wetlands in the proposed construction area are of high resource quality, supporting wild rice beds, feeding streams and providing habitat for keystone wildlife species (Minnesota Department of Transportation, 2002). The proposed highway route may cross ground-water recharge areas. The Mille Lacs Lake Consolidated Drift Aquifer, which approximately underlays the drainage area of Mille Lacs Lake, is a sole source aquifer that provides the majority of the drinking water for people in the area.  One well near Vineland provides the Mille Lacs Band of Ojibwe with much of their drinking water.
Concern that the quality of Mille Lacs Lake in particular could be affected by the proposed highway expansion exist because the proposed route passes through a significant portion of the relatively small drainage area (412 mi2) of the lake.  Because of the small drainage area can flow to the lake relatively quickly.  Furthermore, although large in surface area, Mille Lacs Lake is relatively shallow (maximum depth approximately 40 feet, Minnesota Department of Natural Resources, 2006) and may be sensitive to eutrophication from increased nutrient loads (cite Walker report). 

The Minnesota Department of Transportation (MNDOT) is interested in documenting effects of the planned highway construction and associated land use changes on the quality of water in wetlands, streams, and lakes tributary to Mille Lacs Lake (Fig. 1).  Because of the concerns noted, the MNDOT has proposed that much of the highway route passes through previously undisturbed areas so that the highway can be relocated farther from the shores of Mille Lacs Lake, and so that new best management practices designed to minimize highway runoff can be implemented.  
FIGURE 1 NEAR HERE

The quality of waters can be affected in different ways by highway construction activities, subsequent operation and maintenance, and surrounding land use changes.  In surface water or surface water sediments, chemical constituents associated with water-quality degradation from highway construction and operation include increases in concentrations of suspended sediment, phosphorus, deicing chemicals such as chloride, sodium, and sulfate, organic compounds, and metals (Bricker, 1999).  Suspended sediment and phosphorus concentrations draining highways can increase due to soil disturbance during construction, runoff from spills on the highway surface, and erosion near highways.  Deicing chemicals tend to be chemically conservative, so can reach water bodies through direct runoff, road spray, and infiltration.  Sulfate contributes to lake eutrophication (Morgan and others, 1984), and was found to be the largest contaminant of road salt by mass (Granato, 1999).  Metals can be leached from automobiles and chemicals applied to or spilled on roads ways.  They can be found dissolved in water or attached to sediments. Metals found in the highest concentrations near roadways include lead, copper, zinc, aluminum, chromium, and cadmium (Davis and Shokouhian, 2001; Legret and Pagotto, 1999). In the Twin Cities metropolitan area of Minnesota, Mitton and Payne (1997) found lead, copper, zinc, aluminum, and chromium in the greatest concentrations of roadway runoff. Organic compounds include partially combusted polycyclic aromatic hydrocarbons and other semi-volatile organics from petroleum products. Many of these compounds are hydrophobic, so found in greater concentrations attached to sediments than dissolved in water.  CITE STUDIES OF ORGANIC COMPOUNDS, CONCENTRATIONS  
In ground water, soluble constituents such as chloride or nitrate nitrogen may infiltrate from swales and retention basins designed to store and filter highway runoff.  Eventually, these constituents can migrate to drinking water wells or discharge into streams, wetlands, and lakes. 
Baseline status and a time-trends network of water quality instituted prior to construction would allow the MDOT to assess the effects of these highway activities on water quality.

Data from this study will contribute to the need for information on the effects of changing land use, because the highway construction will convert relatively pristine land to highway use with associated development.  Monitoring data will help characterize the effects of urbanization (Strategic Directions, issue 1) related to highways, and surface-water and ground-water interactions (Strategic Directions, issue 8).  If monitoring efforts related to ground water and aquatic biota are accepted in this proposal at later stages, information from these studies would characterize effects on a sole source ground-water aquifer (drinking water availability, issue 3) and aquatic habitat (suitability of aquatic habitat for biota, issue 4).  Monitoring data also would add to a national data base on the effects of highways on water quality.

At regional and local levels, the relevance and benefits of monitoring include an enhanced understanding of the effects of highway construction and operation on high-quality streams, wetlands, and lakes in northern climates.  Few studies are able to conduct baseline sampling before the activities affecting water quality occur, as this study would.  Furthermore, the investigation would monitor effectiveness of newer highway construction techniques designed to minimize effects of highway runoff.  Because of the sensitivity of the receiving water bodies, much of the highway will attempt to retain and infiltrate highway runoff onsite in swales located in medians.  The success of this method and effects on ground water are not well understood.  Results of this study would have transferability to the many other post-glaciated landscapes experiencing population growth and development in northern climates.
Purpose and Scope
The purpose of this report is 
The scope includes

The objective of this project is to measure selected water-quality constituents associated with roads prior to and during highway construction, as well as during subsequent highway operation and maintenance, and to compare concentrations from the different periods.  The scope of the project includes monitoring of selected watersheds in the drainage area of Mille Lacs Lake that will drain reconstructed US Highway 169.  

The period of study will include at least one year of sampling prior to construction, the construction period and possibly several years of post-construction sampling.  Highway construction is scheduled for 2006 – 2010.  A five-year funding agreement is proposed for 2003 to 2008, with plans to extend the agreement in a second phase.

Previous Investigations?

Mention professors work?
Environmental Setting

Mille Lacs Lake and its drainage area is located east central Minnesota in the ____ Ecosystem (REFERENCE).  The study area is located in that part of the drainage area west the Mille Lacs Lake, near Garrison, Minnesota.  
The study area would be divided into two sectors, based on the highway route selected, types of water bodies affected, and potential cooperating agencies.  The first, or north, sector includes that section of Highway 169 north of Wigwam Bay to Minnesota Highway 6 near Garrison (fig. 1).  In the north sector, the route is mostly determined.  Primarily surface water will be affected.  A second, or south, sector would include the section of Highway 169 south of Wigwam Bay to Onamia.  Most surface water in the southern sector flows to the Rum River, the outflow to Mille Lacs Lake (figure 1), so is not a concern with regards to lake degradation.  In this sector, the highway route has not been determined, but ground water is generally vulnerable (Trotta and Cowdery, 1998) to highway activities.  Because of the potential effects on this sole-source aquifer of the Mille Lacs Band of Ojibwe, other parties may be interested in more study.  If so, study of this sector would include an analysis of ground water.  Because the route has not been determined through the south sector containing vulnerable ground water, analysis of ground water beyond the scope of the current funding agreement.  

Figure 1 near here
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i.  Stream Sampling

The ideal method of investigating the effects of highway activities on stream water quality would include monitoring of upstream and downstream portions of the system where the road traverses the watershed (Bricker, 1999).  However, traditional methods of assessing of surface water-quality, such as determining constituent loads by measuring continuous streamflow and sampling water-quality, are complicated by the low-gradient hydrologic conditions in most of the study area.  Most streams of interest are affected by variable backwater caused by Mille Lacs Lake downstream of the proposed highway or by wetlands.  Wetland drainages are poorly defined. Automated sampling equipment would be difficult to operate during winter and spring snowmelt events when many constituents would be expected to have increased concentrations and loads.  Determining loads under these conditions would be difficult. Resulting uncertainties might mask the effects related to highway activities.  Consequently, the approach to investigating surface water in this study would be two tiered.  The first tier would utilize traditional sampling methods and streamflow monitoring where possible. 

A gaging station (item i-a, Table 1) will be installed downstream of proposed Highway 169 route at the most suitable location, currently proposed as Seguchie Creek at US Highway 169 (Figure 2).  Less ideal locations include the inflow to Borden Lake at Crow Wing County Road 10; or Garrison Creek downstream of Borden Lake at Highway 18.  The gaging station will have real-time telemetry for monitoring streamflow.  Because of variable backwater conditions from Mille Lacs Lake that confound traditional stage-discharge methods of determining streamflow, the gage will include an acoustic Doppler velocity meter to compute streamflow using index velocity-discharge relation.  

In addition, probes will be installed to monitor water temperature and continuous specific conductance with real-time telemetry (item i-b, Table 1).  Specific conductance can be used as a surrogate for chloride (from highway deicers) and other constituents.  

At approximately six-week intervals, water samples will be collected both upstream and downstream of the proposed Highway 169 route for analysis of major ions (including chloride), nutrients, (nitrogen, phosphorus species), trace metals, and suspended sediment (tables  1-4).  Because highway runoff may not be completely mixed in the cross section downstream of the gage, samples would be collected using depth- and width-integrating techniques.  This would assure samples are representative of the concentrations in the entire stream cross section.  

During open-water periods, automated samplers will collect water for analysis of suspended sediment and chloride (item i-d, Table 1).  Auto-samplers would be operated from the spring, after sampler lines had thawed, until fall, before freeze-up.  Replicates samples will be collected concurrently from auto samplers and using depth/width integrated methods to assess bias and variability of the point-auto samples.  Differences in upstream and downstream concentrations would be tested for statistically significant differences.  

Loads will be computed for suspended sediment, chloride, and selected nutrients with streamflow and water-quality data from the monitoring site downstream of new highway 169.  
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ii. Wetland Sampling

The second tier of the investigation would characterize water-quality conditions in a synoptic or snapshot fashion, at selected wetlands representative of the study area (item ii-a, Table 1).  Minnesota generally follows the US Forest Service wetland classification system (http://www.dnr.state.mn.us/wetlands/types_technical.html).  Wetlands are classified into eight types, all of which can be found in Minnesota: (1) Seasonally flooded basins or flats, (2) wet meadows, (3) shallow marshes, (4) deep marshes, (5) shallow open water, (6) shrub swamps, (7) wooded swamps, and (8) bogs.

Wetlands that have been minimally affected, or unaffected, by past highway or human activities would be targeted.  Type 3 (shallow marsh) and type 6 (shrub swamp) wetlands are the most common (Minnesota Department of Transportation, 2002). Although less extensive, type 5 (shallow, open-water) wetlands are important because they support wild rice beds.  Candidate wetlands (as identified by SEH, Inc., Memo A-MNDOT9934.00) include wetland number 9, a type 6 wetland southeast of the outflow from Borden Lake; wetland number 15, a type 5 wetland west of Garrison; and wetland number 16, a type 3/4/6 wetland adjacent to Saint Albans Bay (figure 3).  

Water samples would be collected from wetlands intersecting, or downstream of, construction areas in the later summer or early fall, when hydrologic conditions typically are stable.  Samples would be analyzed for chloride, nutrients, and suspended sediment.  

Bed sediment samples will be collected from wetlands in the fall to assess changes in sedimentation characteristics and chemistry (Tables 1-3).  Samples will be collected from the upper 1-2 centimeters of sediment so they are indicative of deposition changes resulting from recent activities (Shelton and Capel, 1994).  From each wetland, sub-samples from several locations parallel to and immediately outside of the highway construction zone.  Each set of sub-samples will be composited into one sample for analysis to minimize analytical costs.  Sampling locations will be documented using WAAS GPS or other accurate GPS methods so sites could be re-sampled annually. 

Quality Assurance

Water-quality data will be collected for the purpose of comparing concentrations between sites, computing loads, and assessing trends.   To ensure data quality is sufficient for these purposes, monitoring data will be collected according to U.S. Geological Survey protocols.  Specific protocols and methods are documented for the collection and processing of water-quality samples (U.S. Geological Survey, 2003), continuous water-quality monitoring probes (Wagner and others, 2000), and streamflow computation (Davidian, 1968, Buchanan and Somers, 1969, Kennedy, 1983, and Morlock, 2002).  In addition, the Minnesota District Quality-Assurance Plans for surface water, water quality (and ground water, if applicable) will be followed (Quality-Assurance Plan for Water-Quality Activities in the Minnesota District and Surface-Water Quality Assurance Plan for the Minnesota District of the U.S. Geological Survey, Water Resources Division at http://sr11dmnspl/mnlocal/).

Quality assurance will include quality-control samples comprising 10-20 percent of water samples collected.  Quality-control samples will include primarily equipment blanks and replicates.  Samples will be distributed according to specific needs and timing of the project.  For example, more equipment blanks will be collected in the early phase of the project, when samples for metals analyses and associated cleaning methods are first implemented.  Concurrent replicates will be targeted for periods of anticipated flux, such as snowmelt and rainfall runoff.  Replicates also will be collected concurrently from auto samplers and using depth/width integrated methods to assess bias and variability of the point and auto samples.  Split replicates will be collected throughout the project to assess analytical variability.
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Appendix

Aditional character style examples

The style for italic superscript is SuperEmphasis
The style for italic subscript is SubEmphasis
The style for a URL is http://www.usgs.gov (hyperlink)
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