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Introduction

The Jump River Embayment of the Holcombe Flowage is located in Rusk and Chippewa Counties.  The embayment is a 303d listed water due to high phosphorus concentrations and severe summer algae blooms.  The Jump River and Main Creek watersheds provide the water and nutrient loading to the embayment.  Monitoring by the U.S. Army Engineer Waterways Experiment Station (USAEWES) in 1995 and 1996 (James et al. 1998) documented the nutrient and sediment loads delivered to the embayment by these two streams.  Both stream watersheds had an average total phosphorus (TP) export rate of 0.31 kilograms per hectare per year (kg/ha/yr).

Other monitoring in the region has shown that areas with undeveloped land uses (woodland and wetland) can have above average TP export rates.  Monitoring by the USAEWES in 2001 and 2002 on the Yellow River (Taylor Co.) where the watershed is 97% undeveloped, found a mean TP export rate of 0.17 kg/ha/yr (James 2003).  This is nearly double the most likely forest export rate for Wisconsin (0.09 kg/ha/yr) recommended by Panuska and Lillie (1995).  The Yellow River watershed monitored, lies immediately adjacent to the Jump River watershed, which suggests high TP export rates for undeveloped land uses may also occur there.

Monitoring of undeveloped subwatersheds in the Jump River and Main Creek watersheds was undertaken to determine if high background TP export rates existed.  This could substantially affect efforts to reduce phosphorus loading to the Jump River Embayment of the Holcombe Flowage.

Methods
Twelve small subwatersheds were selected that had a very high percentage of undeveloped land use.  The subwatersheds were distributed across the Jump River and Main Creek watersheds (figure 1).  Three subwatersheds (M-1 to M-3) were in the Main Creek watershed* and 9 subwatersheds (J-4 to J-12) were in the Jump River watershed.

The subwatershed streams were sampled on a roughly monthly basis from September 2005 through September 2006.  Samples were tested for TP.  Dissolved oxygen and temperature was measured on site on most dates.  Conductivity and pH was also measured on site on some dates.  
Stream flows were estimated from stream width, average depth and measured velocity.       

* Due to the scarcity of undeveloped subwatersheds in the Main Creek watershed, one subwatershed (M-1) is actually the headwaters of an immediately adjacent watershed, Deer Tail Creek. 
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Three spring samples and 12 residential well samples were collected in 2006 and tested for TP.  Additionally, TP data from 95 residential wells located in the Taylor Co. portion of the Jump River watershed was obtained from Dr. Paul McGinley at UW- Stevens Point (McGinley, 2007). 
Terrain Navigator Pro software was used to determine subwatershed boundaries and areas, and percentages of wetlands and developed land uses.  Field observations of sub-watersheds were made to help verify subwatershed boundaries and areas of developed land uses. 
Subwatershed TP export rates were calculated using flow-weighted mean TP concentrations and average annual runoff rates (USGS).
Results and Discussion
Subwatershed Characteristics

Maps of the 12 monitored sub-watersheds are provided in appendix 1.  Subwatershed areas ranged from 1.0 to 12.7 mi2 (table 1) and averaged 4.6 mi2.  Undeveloped land uses (forest and wetland) comprised 91 to 99.5% of the subwatersheds with a mean of 97.4%.  Hayfields and rural residential were the most common developed land use.  Small areas of cornfields were present in 2 sub-watersheds (M-3 and J-5).  The streams were generally well-buffered from the small amounts of developed land by both forested and wetland areas.  Several subwatersheds had 
	TABLE 1.
	
	
	
	
	
	

	MONITORED WATERSHED DESCRIPTIONS 
	
	
	
	

	
	
	
	
	
	
	

	Watershed
	DNR 
	
	Area
	%
	%
	Gradient*

	I.D. No.
	Watershed
	Stream
	(mi2)
	Developed
	Wetland
	ft/mile

	M-1
	Deer Tail Ck.
	Deer Tail Ck.
	2.6
	1
	23
	28

	M-2
	Main Ck.
	N. Fk. Main Ck.
	2.5
	 <1
	25
	35

	M-3
	Main Ck.
	Bear Ck.
	2.6
	7
	29
	22

	
	
	
	
	
	
	

	J-4
	Upper S. Fk. Jump R.
	Williams Ck.
	1.0
	3
	8
	91

	J-5
	Upper S. Fk. Jump R.
	Hay Ck.
	2.7
	9
	12
	42

	J-6
	Upper S. Fk. Jump R.
	Mondeaux Ck.
	6.9
	1
	24
	62

	
	
	
	
	
	
	

	J-7
	Upper S. Fk. Jump R.
	Shady Brook
	2.3
	2
	6
	113

	J-8
	Middle Jump R.
	Marsh Ck.
	4.1
	2
	29
	22

	J-9
	Middle Jump R.
	Wolf Ck.
	5.8
	<1
	38
	15

	
	
	
	
	
	
	

	J-10
	Middle Jump R.
	Levitt Ck.
	12.7
	1
	35
	23

	J-11
	Lower Jump R.
	Alder Ck.
	8.6
	<1
	30
	14

	J-12
	Lower Jump R.
	Unnamed Ck.
	3.8
	4
	20
	20

	
	
	
	
	
	
	

	
	
	mean =
	4.6
	2.6
	23.2
	40.6

	
	
	
	
	
	
	

	
	*gradients were measured along a rough segmented path following the topography from 

	
	the highest to the lowest point in the watershed.
	
	
	


substantial areas of abandoned agricultural land that had converted to old fields or was reverting to forest.

Wetlands comprised 6 to 38% of the subwatersheds (table 1) with a mean of 23.2%.  Wetland percentages are based on wetland areas shown on USGS quad maps and may somewhat underestimate actual amounts.  Wetland percentages for the subwatersheds are similar to percentages for the Main Creek and Jump River watersheds, 23.6% and 27.5%, respectively, based on WISCLAND data.
Stream Monitoring     

Total Phosphorus

Complete stream monitoring data is provided in appendix 2.  Stream total phosphorus concentrations (TP’s) ranged from 24 to 366 micrograms per liter (ug/l).  Only 5 of the 140 samples exceeded 150 ug/l and these all occurred during low flow conditions and so had a limited effect on flow-weighted mean TP’s.  Flow-weighted mean TP’s ranged from 47.5 to 90.1 ug/l.  The subwatersheds are ranked by flow-weighted mean TP in table 2, below.

Table 2.  Subwatersheds Ranked by Mean Flow-Weighted TP Concentration

	Subwatershed
	Mean Flow-Weighted TP (ug/l)

	Mondeaux Creek (J-6)
	94.3

	Alder Creek (J-11)
	90.1

	North Fork Main Creek (M-2)
	89.9

	Unnamed Creek (J-12)
	88.7

	Bear Creek (M-3)
	76.7

	Levitt Creek (J-10)
	74.7

	Shady Brook (J-7)
	68.5

	Hay Creek (J-7)
	65.0

	Deer Tail Creek (M-1)
	64.2

	Marsh Creek (J-8)
	62.2

	Williams Creek (J-4)
	47.6

	Wolf Creek (J-9)
	47.5


Streamflow was poorly correlated with TP’s at 10 of the 12 stream sites, with R2 values < 0.15.  Streamflow vs. TP regressions suggested that TP’s tended to decline or remain unchanged with increasing flows at these sites.  A major runoff event with 4 to 10 inches of precipitation preceded sampling on 10/05/05, but only increased the mean stream TP concentration 43 ug/l above the prior sampling date.  

Streamflow was moderately correlated with TP concentrations at 2 of the 12 stream sites (M-3: R2 = 0.61, J-5: R2 = 0.50).  These were the 2 subwatersheds with the highest percentage of developed land (M-3 = 7%, J-5 = 9%).
Seasonal patterns in TP’s were not strongly pronounced.  However, late winter and spring TP’s tended to be lower than summer and fall TP’s (figure 2).
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Mean TP’s for the 12 streams were poorly correlated with the percent developed land in the subwatershed (R2 = 0.01), and the subwatershed area (R2 = 0.10).  Mean TP’s for the 12 streams were also poorly correlated with the percent wetland in the subwatershed (R2 = 0.02).  However, removing one stream (Wolf Creek, J-10), improves this correlation considerably (R2 = 0.23).
 The mean of the flow-weighted mean for the 9 Jump River subwatersheds (71.0 ug/l) was similar to that for the 3 Main Creek subwatersheds (76.9 ug/l).  Applying average annual runoff rates (USGS)( Jump River = 12 in., Main Creek = 11in.) indicates “background” TP export rates of 0.22 kg/ha/yr and 0.21 kg/ha/yr are applicable to the Jump River and Main Creek watersheds, respectively.  These values are similar to the 0.17 kg/ha/yr value found for the largely undeveloped (97%) Yellow River watershed in Taylor Co. by USAEWES (James 2003).   Two Ontario watersheds in an area of Precambrian bedrock (like this study area) and with similar percentages of wetlands present had TP export rates of about 0.20 kg/ha/yr (Paterson, et al. 2006). 
The values for Jump River and Main Creek are about double the most likely forest export rate for Wisconsin (0.09 kg/ha/yr) recommended by Panuska and Lillie (1995).  They are also about double the most likely wetland export rate used in WILMS (0.10 kg/ha/yr).

Watersheds with more developed land usually require a higher level of monitoring effort to estimate TP export rates (Robertson and Roerish 1999).  However, these are minimally developed subwatersheds where the magnitude of TP fluctuation is low and TP’s tend to be poorly correlated with streamflow.  Also, multiple subwatersheds have been simultaneously assessed and composited.  This makes it likely that reasonable estimates of TP export rates have been obtained.  

High groundwater TP’s are undoubtedly one reason for the high TP export rates in these areas (see “Groundwater Monitoring” TP results below).  Poor TP retention by some softwater wetlands might also be a contributing factor (see “Dissolved Oxygen” discussion below).  An Ontario study in an undeveloped area of Precambrian bedrock (like this study area) found that watershed TP export increased with increasing watershed wetland percentage (Paterson, et al. 2006).  
Dissolved Oxygen
Stream dissolved oxygen concentrations (D.O.’s) ranged from 2.3 milligrams per liter (mg/l) to 14.3 mg/l (appendix 2).  Eight streams had D.O.’s less than 5 mg/l, the water quality standard, on one to four monitoring dates.  Stream monitoring took place over a 6 hour period, usually from late morning to late afternoon.  Streams typically have their lowest D.O.’s very early in the morning following the night, with respiration but no photosynthesis.  Stream D.O.’s are usually highest in late afternoon following a day of photosynthesis.  Because of this, D.O.’s measured during this project are not likely to be the lowest that occurred in the streams.  Also, D.O. comparisons between streams on any date are complicated by the extended sampling period.  Streams with lower D.O.’s tended to be monitored earlier in the day, had substantial areas of wetlands in their subwatersheds, and low subwatershed gradients.  The potential presence of beaver dams on any of the streams may have contributed to D.O. depletion problems.
A regression of mean D.O. for all streams versus mean TP concentration showed a moderate negative correlation (figure 3)(R2 = 0.53).  This suggests that conditions that result in D.O. depletion in streams may also result in increased TP release.  Release of iron bound phosphorus in wetlands under anoxic conditions might account for this behavior.  It may also account for the seasonal tendencies for lower TP concentrations in winter and spring, and higher TP concentrations in summer and fall.  Mean temperature for all streams versus mean TP concentration is somewhat positively correlated (R2 = 0.32)(figure 4).  This correlation is probably impaired by a lag time between stream water temperatures and wetland soil temperatures in spring.  Increasing organic wetland soil temperatures may increase bacterial activity and decomposition rates which would encourage anoxic conditions.
An alternative explanation for the seasonal TP’s might be droughty summer conditions in both 2005 and 2006.  This lowered water levels in wetlands and could have resulted in oxic decomposition of wetland organic matter.  Released TP could then have been mobilized when water levels recovered in fall.
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Groundwater Monitoring
Groundwater TP concentrations in the Jump River and Main Creek watersheds were higher than average for Wisconsin.  Data is presented in appendix 3, and is summarized in table 3 below.
Table 3.  Summarized Groundwater TP Concentrations (ug/l) for the Main Creek and Jump River Watersheds

	
	Main Creek
	Middle Jump River
	Jump River

(Taylor Co.)*

	n
	8
	7
	95

	Range
	12 - 200
	28 – 289
	<8 - 1,045

	Median
	44
	59
	54

	Mean
	63
	99
	144

	90% Confidence Interval Range for Mean
	24.8 – 93.7
	40.9 – 157.4
	111 - 177


*Includes well samples from the Taylor Co. portion of the Upper South Fork Jump River, Middle Jump River, and Lower Jump River watersheds.  Data from McGinley, 2007.
Mean TP concentrations for the 3 sample sets range from 63 to 144 ug/l.  The mean TP concentration for the Main Creek sample set is statistically lower than the mean for the Jump River sample set.  The mean TP concentration for the Middle Jump River sample set is not statistically different than either the Main Creek or Jump River sample set.  The 3 spring samples that were collected (appendix 3) had TP concentrations within the range of the well samples.

Mean groundwater TP concentrations for most areas in Wisconsin are probably <30 ug/l .  The high groundwater TP concentrations in these watersheds is undoubtedly one reason why “background” TP export rates are also higher than average for the state.
Implications for Phosphorus Loading Reduction to the Jump River Embayment of Holcombe Flowage
The Jump River and Main Creek watersheds provide the water and nutrient loading to the Jump River Embayment of Holcombe Flowage.  An assessment of controllable vs. non-controllable TP sources in the Jump River and Main Creek watersheds can be made by utilizing the background  TP export rates found in this study along with estimated TP export rates for developed land and watershed land use data.  Estimates for the Jump River and Main Creek watersheds are presented in the tables below:

TABLE 4.  JUMP RIVER WATERSHED TP EXPORT/LOADING (Watershed area = 688 mi2 = 178,267 ha)
	Land Use1/

   Source
	      %

Land Use
	    Area

    (ha)
	TP Export

(kg/ha/yr)
	TP Export

   (kg/yr)
	    % of

  TP Load
	   Partially
Controllable?

	agricultural
	8.5
	15,153
	0.962
	14,547
	27.8
	Yes

	grassland
	7.9
	14,083
	0.3
	4,225
	8.1
	No

	undeveloped
	83.6
	149,031
	0.23
	29,806
	57.0
	No

	Ag/grass

Groundwater4
	16.4
	29,236
	0.1
	2,924
	5.6
	No

	Point Sources
	--
	--
	--
	797
	1.5
	No?

	
	
	
	Total =
	52,299
	
	


TABLE 5.  MAIN CREEK WATERSHED TP EXPORT/LOADING (Watershed area = 157.3 mi2 = 40,741 ha)
	Land Use1/

   Source
	      %

Land Use
	    Area

    (ha)
	TP Export

(kg/ha/yr)
	TP Export

   (kg/yr)
	    % of

  TP Load
	   Partially

Controllable?

	agricultural
	23.8
	9,696
	0.962
	9,308
	53.7
	Yes

	grassland
	5.7
	2,322
	0.3
	697
	4.0
	No

	undeveloped
	70.5
	28,722
	0.23
	5,744
	33.1
	No

	Ag/grass

Groundwater4
	29.5
	12,019
	0.1
	1,202
	6.9
	No

	Point Sources
	--
	--
	--
	386
	2.2
	No?

	
	
	
	Total =
	17,337
	
	


1Land use is based on WISCLAND data.  Water and barren land use has been included as undeveloped.  Urban and suburban land use is insignificant at <0.1% and is not included.

2Agricultural TP export is based on the following assumptions:  Export from mixed row crops and hayfields is 0.8 kg/ha/yr.  Barnyard export is 0.16 kg/ha/yr based on the relationship of BARNY estimated barnyard TP export to agricultural land use area for the Soft Maple / Hay Creek priority watershed project in Rusk Co.

3The undeveloped land TP export rate has been rounded down from 0.21 and 0.22 to 0.20 to account for the small influence of developed land use in the monitored subwatersheds.
4An additional non-controllable TP load for agricultural and grassland land uses is used to account for the above normal background load resulting from high groundwater TP concentrations and/or wetland influences. 

The annual TP loads estimated above compare reasonably well with the TP loads measured for these streams in 1995-6 by a USAEWES study (James et al. 1998):


  Export Rate

   USAEWES

Stream

TP Load (kg/yr) 
TP Load (kg/yr)
% Difference
Jump River
     52,299

      54,789

         -5





Main Creek
     17,337

      12,423

        +28

A precise comparison is complicated by several factors:

· The USAEWES study did not measure the load contributed by the lower 112 mi2 of the Jump River watershed.  The USAWES load listed above was adjusted on an area proportional basis to help account for this.  However, the lower watershed has a higher percentage of agricultural land which this adjustment doesn’t account for.

· Jump River discharge during 1995-6 was 20% above average.

· Main Creek discharge during 1995-6 was probably about 12% below average.

· Export rates may apply more appropriately to initial sources of TP.  Loads measured at stream mouths represent final watershed TP yields. TP losses during watershed transport, such as flood plain deposition of particulate bound TP can be significant in large watersheds.   



The TP export estimates in tables 4 and 5 above can be used to estimate the potential for achieving TP loading reductions to the Jump River Embayment of the Holcombe Flowage.  A 50% reduction of controllable TP sources would generally be considered a high level of achievement.  For the Jump River watershed, this would reduce the total TP load by 13.9%.  For the Main Creek watershed, this would reduce the total TP load by 26.8%.  For the two watersheds combined, the total TP load to the Jump River Embayment would be reduced by 17%. 
Predicted mean summer responses of the Jump River Embayment to a 17% TP loading reduction are shown in the table 6 below.  Responses are based on models from James, Barko, and Eakin (1998).  Since algae growth in the embayment is greatly influenced by water residence time, two different residence time responses are given.  The 15 day residence time response is based on conditions observed in 1989.  The 5 day residence time response is based on conditions observed in 1995.  The average summer residence time is 9 days.

TABLE 6.  MEAN SUMMER RESPONSES OF JUMP RIVER EMBAYMENT TO A 17% TP LOADING REDUCTION
	
	15 day residence time
	5 day residence time

	
	Existing
	17% reduction
	% change
	Existing
	17% reduction
	% change

	TP load (kg/day)
	73
	60.6
	-17
	292
	242
	-17

	TP (ug/l)
	78.5
	67
	-15
	82.2
	67
	-18

	CHL*(ug/l)
	47.3
	38.4
	-19
	9.0
	7.6
	-16

	SD** (m)
	0.8
	0.9
	+12
	0.8
	0.9
	+12


*CHL = chlorophyll a
**SD = Secchi depth
A more detailed prediction of the cholorophyll a response to a 17% TP loading reduction to the Jump River Embayment with a 15 day residence time is shown in figure 5, below.  This graph shows the percentage of summer days when various chlorophyll concentrations will be exceeded.  While the reduction in percent frequency at 10 ug/l is only 2%, percent frequency reductions at higher chlorophyll concentrations (20-60 ug/l) are more substantial and range from 10 to 16%.     

[image: image5]
In general, it appears that watershed TP loading reductions could produce modest improvements in the water quality of the Jump River Embayment of the Holcombe Flowage.  The improvements would be more noticeable in summers with below average flow conditions.  The projected improvements are based on a rather optimistic assumption of achievable TP loading reduction (50% of controllable sources).  A lower level of TP loading reduction would result in lesser improvements in water quality.  
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APPENDIX 1.  WATERSHED MAPS
(SCALES VARY)
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WATERSHED M-1, DEER TAIL CREEK
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WATERSHED M-2, NORTH FORK MAIN CREEK
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WATERSHED M-3, BEAR CREEK
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WATERSHED J-4, WILLIAMS CREEK
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WATERSHED J-5, HAY CREEK

[image: image11.jpg]



WATERSHED J-6, MONDEAUX CREEK
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WATERSHED J-7, SHADY BROOK
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WATERSHED J-8, MARSH CREEK
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WATERSHED J-9, WOLF CREEK 
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WATERSHED J-10, LEVITT CREEK
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WATERSHED J-11, ALDER CREEK
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WATERSHED J-12, UNNAMED CREEK

	APPENDIX 2.  JUMP RIVER AND MAIN CREEK WATERSHEDS MONITORING DATA 

	AND CALCULATED TOTAL PHOSPHORUS EXPORT RATES
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	                        09/26/05                   
	
	                        10/05/05                
	

	
	
	TP
	Q
	
	Temp.
	D.O.
	
	TP
	Q
	
	Temp.
	D.O.
	

	STREAM
	SITE NO.
	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	
	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	

	Deer Tail
	M-1
	74
	0.25
	18.5
	13.2
	3.3
	
	65
	229
	14885
	17
	2.8
	

	N. Fk. Main
	M-2
	ND
	0
	0
	ND
	ND
	
	99
	153
	15147
	17.1
	4.6
	

	Bear
	M-3
	ND
	0
	0
	ND
	ND
	
	89
	54
	4806
	17.2
	3.7
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Williams
	J-4
	35
	0.12
	4.2
	13.1
	7.8
	
	55
	9.2
	506
	16.5
	4.4
	

	Hay
	J-5
	39
	0.3
	11.7
	13.3
	8.7
	
	75
	60
	4500
	16.8
	3.3
	

	Mondeaux
	J-6
	95
	0.22
	20.9
	14.6
	8.1
	
	127
	19
	2413
	17.4
	7.6
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Shady Brk.
	J-7
	86
	0.11
	9.46
	14.1
	8.6
	
	108
	6
	648
	17
	7
	

	Marsh
	J-8
	80
	0.002
	0.16
	14.1
	5.2
	
	106
	1.2
	127.2
	17.4
	4.7
	

	Wolf
	J-9
	45
	0.004
	0.18
	15.6
	6.9
	
	62
	3.2
	198.4
	17.9
	6
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Levitt
	J-10
	94
	0.4
	37.6
	17.4
	6
	
	110
	11
	1210
	18
	4.5
	

	Alder
	J-11
	ND
	0
	0
	ND
	ND
	
	310
	2
	620
	18.2
	6.3
	

	Unnamed
	J-12
	ND
	0
	0
	ND
	ND
	
	131
	9
	1179
	17.5
	6
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mean for date =
	68.5
	
	
	14.4
	6.2
	
	111.4
	
	
	17.3
	5.1
	


	                  11/28/05                   
	
	        01/27/06          
	
	                   03/21/06                   
	

	TP
	Q
	
	Temp.
	D.O.
	
	TP
	Q
	
	
	TP
	Q
	
	Temp.
	D.O.
	

	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	
	(ug/l)
	(cfs)
	TP x Q
	
	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	

	45
	3.1
	139.5
	0.2
	7.2
	
	95
	0.9
	85.5
	
	73
	1.9
	138.7
	0
	5.8
	

	48
	17
	816
	0.1
	10.3
	
	63
	1
	63
	
	58
	2.5
	145
	0
	8.1
	

	65
	7.7
	500.5
	0.4
	12.4
	
	37
	2
	74
	
	33
	5
	165
	0
	11.2
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	41
	5.2
	213.2
	0.2
	12
	
	39
	1
	39
	
	24
	2.5
	60
	0
	10
	

	53
	9
	477
	0.2
	10.7
	
	51
	1
	51
	
	35
	2.5
	87.5
	0
	11.8
	

	118
	10
	1180
	0.1
	13.4
	
	99
	4
	396
	
	92
	10
	920
	0.1
	12.8
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	88
	2.5
	220
	0.2
	12.9
	
	61
	0.8
	48.8
	
	54
	1.8
	97.2
	0.1
	12.6
	

	57
	4.5
	256.5
	0.3
	11.9
	
	124
	0.2
	24.8
	
	68
	0.8
	54.4
	0.3
	8.7
	

	34
	6
	204
	0.1
	12.1
	
	81
	0.3
	24.3
	
	49
	0.8
	39.2
	0.1
	11.9
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	91
	21
	1911
	0.6
	10.6
	
	74
	7
	518
	
	58
	14
	812
	0.5
	8.4
	

	117
	2.9
	339.3
	0.2
	11.4
	
	90
	1.7
	153
	
	51
	4
	204
	0.1
	14.3
	

	73
	13
	949
	0.1
	12.8
	
	101
	1
	101
	
	81
	2.5
	202.5
	0
	11.8
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	69.2
	
	
	0.2
	11.5
	
	76.3
	
	
	
	56.3
	
	
	0.1
	10.6
	


	                   04/03/06                     
	
	                 04/24/06                    
	

	TP
	Q
	
	Temp.
	D.O.
	
	TP
	Q
	
	Temp.
	D.O.
	

	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	
	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	

	47
	16.5
	775.5
	0.4
	10.9
	
	35
	1.2
	42
	12.3
	7.3
	

	58
	21
	1218
	0.4
	11.7
	
	58
	1.7
	98.6
	10.5
	8.4
	

	75
	22.6
	1695
	4.6
	8.3
	
	40
	1.2
	48
	12.9
	9.8
	

	
	
	
	
	
	
	
	
	
	
	
	

	52
	18
	936
	1.2
	11.3
	
	27
	0.8
	21.6
	10.4
	10.3
	

	51
	20.2
	1030.2
	1.6
	10.4
	
	35
	1.2
	42
	8.9
	10.7
	

	71
	36
	2556
	2.4
	10.8
	
	63
	5.6
	352.8
	12.6
	10.6
	

	
	
	
	
	
	
	
	
	
	
	
	

	50
	15
	750
	2.5
	10.2
	
	38
	1.2
	45.6
	11.3
	11
	

	66
	15.4
	1016.4
	3.4
	10.4
	
	36
	2.5
	90
	12.2
	10
	

	48
	26.4
	1267.2
	4
	9.5
	
	31
	4.1
	127.1
	13
	9.8
	

	
	
	
	
	
	
	
	
	
	
	
	

	64
	45.8
	2931.2
	4.1
	9.3
	
	57
	3.5
	199.5
	13.8
	8.3
	

	86
	56.4
	4850.4
	4.5
	9
	
	62
	5.8
	359.6
	14.4
	10
	

	85
	49.9
	4241.5
	5
	9.2
	
	54
	1.3
	70.2
	13.7
	9.5
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	62.8
	
	
	2.8
	10.1
	
	44.7
	
	
	12.2
	9.6
	


	                             05/18/06                           
	
	                         06/30/06                        
	

	TP
	Q
	
	Temp.
	D.O.
	
	Cond.
	
	TP
	Q
	
	Temp.
	D.O.
	Cond.
	

	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	pH
	uS
	
	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	uS
	

	40
	2
	80
	13.9
	8.2
	7.1
	73
	
	63
	0.16
	10.08
	19.5
	6.9
	153
	

	47
	3
	141
	13.4
	8.2
	6.7
	45
	
	252
	0.2
	50.4
	15.5
	4
	119
	

	40
	3.5
	140
	17.1
	8.3
	7
	52
	
	56
	0.08
	4.48
	24.6
	7.9
	111
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	31
	1.4
	43.4
	12.2
	10.2
	6.2
	27
	
	80
	0.01
	0.8
	17.7
	7.7
	127
	

	34
	3.2
	108.8
	12.7
	10.2
	6.8
	53
	
	51
	0.03
	1.53
	21.5
	7.3
	164
	

	71
	9.8
	695.8
	16
	10.2
	7.5
	67
	
	181
	0.56
	101.36
	20.7
	9.1
	99
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	39
	1.6
	62.4
	13.8
	9.3
	7
	39
	
	128
	0.22
	28.16
	19.5
	8.3
	68
	

	36
	3.8
	136.8
	15.2
	8.9
	6.6
	41
	
	78
	0.02
	1.56
	20.5
	5.6
	85
	

	36
	5.4
	194.4
	16.6
	9.1
	6
	34
	
	108
	0.11
	11.88
	23.4
	7.3
	60
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	57
	10.7
	609.9
	16.1
	7.6
	6.9
	59
	
	81
	0.18
	14.58
	24.2
	7.4
	180
	

	58
	11.9
	690.2
	17.8
	9.1
	7
	63
	
	84
	0.1
	8.4
	20.7
	6.3
	160
	

	68
	2.9
	197.2
	17.3
	8.6
	7.5
	73
	
	127
	0.06
	7.62
	23.4
	8.4
	157
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	46.4
	
	
	15.2
	9
	
	
	
	107.4
	
	
	20.9
	7.2
	
	


	                              08/04/06                             
	
	                                08/24/06                            
	

	TP
	Q
	
	Temp.
	D.O.
	
	Cond.
	
	TP
	Q
	
	Temp.
	D.O.
	
	Cond.
	

	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	pH
	uS
	
	(ug/l)
	(cfs)
	TP x Q
	(C)
	(mg/l)
	pH
	uS
	

	85
	9.4
	799
	19.4
	2.3
	6.7
	69
	
	103
	0.3
	30.9
	17.7
	3.3
	6.9
	116
	

	108
	7
	756
	18.7
	3.4
	6.5
	62
	
	325
	0.3
	97.5
	15.9
	3
	6.8
	89
	

	74
	11.4
	843.6
	19.4
	4.6
	6.4
	50
	
	56
	0.2
	11.2
	17
	6.9
	7.2
	85
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	46
	1.1
	50.6
	17
	6.8
	6.2
	36
	
	44
	0.01
	0.44
	14.6
	4.8
	7.1
	103
	

	70
	7.5
	525
	17.8
	5.9
	6.5
	64
	
	39
	0.2
	7.8
	16.7
	8.6
	7.4
	128
	

	118
	13.8
	1628.4
	21.2
	9
	7.4
	68
	
	128
	0.8
	102.4
	17.7
	8.6
	7.7
	102
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	113
	1.5
	169.5
	20
	8.2
	7.1
	56
	
	151
	0.3
	45.3
	17.1
	8.4
	7.5
	64
	

	81
	3
	243
	20.5
	5
	6.2
	52
	
	112
	0.07
	7.84
	16.8
	4.1
	6.8
	65
	

	66
	6.4
	422.4
	22.3
	6.8
	6.2
	42
	
	86
	0.4
	34.4
	17.7
	7.2
	6.7
	43
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	92
	13.8
	1269.6
	21
	4.8
	6.6
	83
	
	96
	1.6
	153.6
	18
	4.4
	7
	110
	

	123
	12
	1476
	23.3
	6.9
	6.4
	87
	
	125
	0.5
	62.5
	18.7
	4.7
	7
	113
	

	111
	6.4
	710.4
	21.5
	7.4
	6.4
	64
	
	78
	0.5
	39
	17.8
	8.7
	7.8
	122
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	90.6
	
	
	20.2
	5.9
	
	
	
	111.9
	
	
	17.1
	6.1
	
	
	


	          09/27/06            

	TP
	Q
	

	(ug/l)
	(cfs)
	TP x Q

	40
	0.5
	20

	366
	0.2
	73.2

	46
	0.96
	44.16

	
	
	

	40
	0.12
	4.8

	41
	0.3
	12.3

	75
	0.52
	39

	
	
	

	69
	1.58
	109.02

	100
	0.03
	3

	57
	0.13
	7.41

	
	
	

	59
	2
	118

	77
	0.1
	7.7

	54
	0.44
	23.76

	
	
	

	
	
	

	85.3
	
	


	
	
	FLOW-WEIGHTED
	MEAN OF FLOW-WEIGHTED MEAN 
	UN-WEIGHTED

	TPxQ SUM
	Q SUM
	 MEAN TP (UG/L)
	TP FOR MAIN CREEK WATERSHED
	MEAN TP (UG/L)

	17024.68
	265.21
	64.2
	76.9
	63.8

	18605.7
	206.9
	89.9
	
	134.7

	8331.94
	108.64
	76.7
	EQUIVELANT TP EXPORT RATE
	55.5

	
	
	
	ASSUMING 11 IN. RUNOFF/YR
	

	1880.04
	39.46
	47.6
	EQUALS 0.21 kg/ha/yr
	42.8

	6854.83
	105.43
	65.0
	
	47.8

	10405.66
	110.3
	94.3
	
	103.2

	
	
	
	
	

	2233.44
	32.61
	68.5
	MEAN OF FLOW-WEIGHTED MEAN 
	82.1

	1961.66
	31.522
	62.2
	TP FOR JUMP RIVER WATERSHED
	78.7

	2530.87
	53.244
	47.5
	71.0
	58.6

	
	
	
	
	

	9784.98
	130.98
	74.7
	EQUIVELANT TP EXPORT RATE
	77.8

	8771.1
	97.4
	90.1
	ASSUMING 12 IN. RUNOFF/YR
	107.5

	7721.18
	87
	88.7
	EQUALS 0.22 kg/ha/yr
	87.5


	
	
	D.O.
	No. Days
	pH
	Cond.

	DIFFERENCE
	MEDIAN  TP(UG/L)
	RANGE
	D.O.< 5
	RANGE
	RANGE

	-0.4
	   64
	2.3 -10.9
	4
	6.7 - 7.1
	69 - 153

	44.8
	   63
	3.0 - 11.7
	4
	6.5 - 6.8
	45 - 119

	-21.1
	   56
	3.7 - 12.4
	2
	6.4 - 7.2
	50 - 111

	
	
	
	
	
	

	-4.8
	   42
	4.4 - 12.0
	2
	6.2 - 7.1
	27 - 127

	-17.2
	   47
	3.3 - 11.8
	1
	6.5 - 7.4
	53 - 164

	8.8
	   97
	7.4 - 13.4
	0
	7.4 - 7.7
	67 - 102

	
	
	
	
	
	

	13.6
	   77.5
	7.0 - 12.9
	0
	7.0 - 7.5
	39 - 68

	16.4
	   79
	4.7 - 11.9
	1
	6.2 - 6.8
	41 - 85

	11.0
	   53
	6.0 - 12.1
	0
	6.0 - 6.7
	34 - 60

	
	
	
	
	
	

	3.0
	   86
	4.4 - 10.6
	3
	6.6 - 7.0
	59 - 180

	17.5
	   85
	4.7 - 14.3
	1
	6.4 - 7.0
	63 - 160

	-1.2
	   79.5
	6.0 - 12.8
	0
	6.4 - 7.8
	64 - 157


	APPENDIX 3.  ITEM 1 OF 2
	
	
	

	JUMP RIVER AND MAIN CREEK WATERSHEDS WELL AND SPRING

	TP CONCENTRATIONS
	
	
	

	
	Sample ID
	Type
	TP (ug/l)
	Watershed
	Lat/Long (NAD83)

	
	SP-1
	spring
	46
	Middle Jump River
	45 25 32.5, 90 38 54.4

	
	SP-2
	spring
	92
	Middle Jump River
	45 24 53.7, 90 38 52.5

	
	WE-1
	well
	149
	Middle Jump River
	45 25 17.9, 90 39 26.7

	
	WE-2
	well
	31
	Middle Jump River
	45 25 50.2, 90 37 25.9

	
	WE-3
	well
	289
	Middle Jump River
	45 31 52.2, 90 35 14.5

	
	WE-4
	well
	28
	Middle Jump River
	45 32 09.9, 90 31 38.1

	
	WE-12
	well
	59
	Middle Jump River
	45 32 37.1, 90 28 16.7

	
	
	range =
	28 -289
	
	

	
	
	mean =
	99
	
	

	
	
	median =
	59
	
	

	
	
	
	
	
	

	
	SP-3
	spring
	33
	Main Creek
	45 28 48.2, 90 46 26.9

	
	WE-5
	well
	84
	Main Creek
	45 31 10.6, 90 49 20.3

	
	WE-6
	well
	42
	Main Creek
	45 30 06.8, 90 51 46.2

	
	WE-7
	well
	200
	Main Creek
	45 27 26.2, 90 53 36.4

	
	WE-8
	well
	59
	Main Creek
	45 25 25.2, 90 58 28.2

	
	WE-9
	well
	46
	Main Creek
	45 23 10.2, 91 00 34.2

	
	WE-10
	well
	12
	Main Creek
	45 23 10.3, 91 02 24.4

	
	WE-11
	well
	30
	Main Creek
	45 20 18.5, 91 02 58.5

	
	
	range =
	12 - 200
	
	

	
	
	mean =
	63
	
	

	
	
	median =
	44
	
	


	APPENDIX 3.  ITEM 2 OF 2
	
	
	
	

	
	
	
	
	
	
	
	
	

	WELL WATER TOTAL PHOSPHORUS CONCENTRATIONS FROM

	JUMP RIVER WATERSHED IN TAYLOR COUNTY (MCGINLEY, 2006)

	
	
	
	
	
	
	
	
	

	TOWN
	RANGE
	REW
	SECTION
	SDATE
	TP_QUAL
	TP(mg/l)
	

	33
	1
	E
	2
	10/17/2005
	
	0.081
	
	

	33
	1
	E
	5
	10/17/2005
	
	0.154
	
	

	33
	1
	E
	10
	08/26/2002
	
	0.119
	
	

	33
	1
	E
	11
	08/26/2002
	
	0.143
	
	

	33
	1
	E
	11
	07/24/2006
	
	0.221
	
	

	33
	1
	E
	11
	07/24/2006
	
	0.370
	
	

	33
	1
	E
	13
	10/17/2005
	
	0.072
	
	

	33
	1
	E
	13
	07/24/2006
	
	0.153
	
	

	33
	1
	E
	13
	07/24/2006
	
	0.114
	
	

	33
	1
	E
	22
	08/12/2003
	
	0.054
	
	

	33
	1
	E
	25
	07/19/2004
	
	0.285
	
	

	33
	1
	E
	33
	07/24/2006
	
	0.392
	
	

	33
	1
	E
	35
	08/26/2002
	
	0.021
	
	

	33
	1
	E
	35
	08/26/2002
	
	0.471
	
	

	33
	1
	E
	35
	10/20/2003
	
	0.013
	
	

	33
	1
	E
	35
	07/24/2006
	
	0.028
	
	

	33
	1
	W
	8
	08/13/2003
	
	0.237
	
	

	33
	1
	W
	11
	10/20/2003
	
	0.016
	
	

	33
	1
	W
	11
	07/19/2004
	
	0.048
	
	

	33
	1
	W
	16
	07/24/2006
	
	0.270
	
	

	33
	2
	E
	2
	07/24/2006
	
	0.907
	
	

	33
	2
	E
	11
	10/17/2005
	
	0.066
	
	

	33
	2
	E
	11
	07/24/2006
	
	0.585
	
	

	33
	2
	E
	11
	07/24/2006
	
	0.070
	
	

	33
	2
	E
	17
	10/20/2003
	
	0.279
	
	

	33
	2
	E
	18
	08/26/2002
	
	0.286
	
	

	33
	2
	E
	18
	07/24/2006
	
	0.565
	
	

	33
	2
	E
	19
	10/15/2001
	
	0.218
	
	

	33
	2
	E
	20
	10/17/2005
	
	0.373
	
	

	33
	2
	W
	14
	08/26/2002
	
	0.156
	
	

	33
	2
	W
	14
	08/26/2002
	
	0.137
	
	

	33
	2
	W
	14
	07/24/2006
	
	0.094
	
	

	33
	2
	W
	22
	10/17/2005
	
	0.010
	
	

	33
	3
	W
	4
	08/13/2003
	
	0.023
	
	

	33
	3
	W
	4
	08/13/2003
	
	0.016
	
	

	33
	3
	W
	5
	08/13/2003
	
	0.028
	
	

	33
	3
	W
	5
	08/13/2003
	
	0.020
	
	

	33
	3
	W
	7
	08/26/2002
	
	0.086
	
	

	33
	3
	W
	7
	10/20/2003
	
	0.046
	
	

	33
	3
	W
	7
	10/20/2003
	
	0.051
	
	

	33
	3
	W
	7
	10/20/2003
	
	0.019
	
	

	33
	3
	W
	7
	10/20/2003
	
	0.070
	
	

	33
	3
	W
	7
	07/19/2004
	
	0.053
	
	

	33
	3
	W
	7
	07/19/2004
	
	0.023
	
	

	33
	3
	W
	7
	10/17/2005
	
	1.045
	
	

	33
	3
	W
	8
	10/20/2003
	
	0.031
	
	

	33
	3
	W
	9
	08/26/2002
	
	0.041
	
	

	33
	3
	W
	9
	08/26/2002
	
	0.074
	
	

	33
	3
	W
	9
	08/26/2002
	
	0.105
	
	

	33
	3
	W
	9
	10/20/2003
	
	0.049
	
	

	33
	3
	W
	9
	10/20/2003
	
	0.018
	
	

	33
	3
	W
	9
	10/20/2003
	
	0.109
	
	

	33
	3
	W
	9
	07/21/2004
	
	0.031
	
	

	33
	3
	W
	9
	10/17/2005
	
	0.038
	
	

	33
	3
	W
	9
	10/17/2005
	<
	0.008
	
	

	33
	3
	W
	9
	10/17/2005
	
	0.038
	
	

	33
	3
	W
	16
	08/26/2002
	
	0.032
	
	

	33
	3
	W
	16
	10/20/2003
	
	0.035
	
	

	33
	3
	W
	16
	10/17/2005
	
	0.060
	
	

	33
	3
	W
	17
	08/26/2002
	
	0.014
	
	

	33
	3
	W
	17
	10/17/2005
	
	0.037
	
	

	33
	3
	W
	18
	10/20/2003
	<
	0.008
	
	

	33
	3
	W
	18
	10/20/2003
	
	0.040
	
	

	33
	3
	W
	18
	10/20/2003
	<
	0.008
	
	

	33
	3
	W
	18
	07/19/2004
	
	0.014
	
	

	33
	3
	W
	19
	07/24/2006
	
	0.054
	
	

	33
	3
	W
	21
	08/26/2002
	
	0.026
	
	

	33
	3
	W
	27
	08/26/2002
	
	0.016
	
	

	33
	3
	W
	29
	10/20/2003
	
	0.024
	
	

	33
	3
	W
	29
	07/19/2004
	
	0.039
	
	

	33
	3
	W
	30
	07/19/2004
	
	0.018
	
	

	33
	3
	W
	32
	07/24/2006
	
	0.038
	
	

	33
	4
	W
	6
	08/26/2002
	
	0.028
	
	

	33
	4
	W
	13
	10/17/2005
	
	0.237
	
	

	33
	4
	W
	14
	07/19/2004
	
	0.042
	
	

	33
	4
	W
	23
	07/24/2006
	
	0.023
	
	

	33
	4
	W
	24
	08/26/2002
	
	0.066
	
	

	33
	4
	W
	24
	10/20/2003
	
	0.043
	
	

	33
	4
	W
	24
	10/17/2005
	
	0.032
	
	

	33
	4
	W
	26
	10/20/2003
	<
	0.008
	
	

	33
	4
	W
	26
	10/20/2003
	<
	0.008
	
	

	33
	4
	W
	26
	07/19/2004
	
	0.058
	
	

	33
	4
	W
	28
	07/24/2006
	
	0.144
	
	

	33
	4
	W
	31
	10/17/2005
	
	0.017
	
	

	33
	4
	W
	33
	07/31/2006
	
	0.026
	
	

	32
	1
	E
	3
	10/17/2005
	
	0.228
	
	

	32
	1
	E
	4
	08/26/2002
	
	0.298
	
	

	32
	1
	E
	16
	08/26/2002
	
	0.392
	
	

	32
	1
	E
	17
	10/20/2003
	
	0.076
	
	

	32
	1
	E
	18
	08/26/2002
	
	0.554
	
	

	32
	1
	E
	18
	08/26/2002
	
	0.171
	
	

	32
	1
	E
	18
	08/02/2004
	
	0.243
	
	

	32
	1
	E
	18
	08/02/2004
	
	0.551
	
	

	32
	1
	W
	1
	08/26/2002
	
	0.262
	
	

	32
	4
	W
	6
	10/15/2001
	
	0.662
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	MEDIAN = 
	
	0.054
	
	

	
	
	
	
	MEAN =
	
	0.144
	
	

	
	
	
	
	RANGE = 
	
	<0.008 TO 1.045
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	STDEV =
	
	0.195
	
	

	
	
	
	
	90% C.I. =
	
	0.033
	(0.111 - 0.177)
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Figure 5.  Algal Bloom Frequency Reduction


With 17% TP Load Reduction to the Jump River Embayment


And 15 Day Residence Time (1989 Conditions)
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