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BIG SPRING BASIN FERTILIZER-NITROGEN RATES

Average Yield

Rotation All corn 1st-year corn 2nd-year corn Continuous Continuous 

after alfalfa after alfalfa corn corn yields

Year   .......................................lbs  N/Acre........................................ Bushels/Acre

1981 174 123 160 178 128

1982 174 123 ... 178 138

1984 158 115 155 169 130

1986 147 96 ... 153 149

1987 149 84 121 157 141

1988 141 84 124 151    79*

1989 138 82 125 148 147

1990 123 66 121 145 145

1991 117 59 112 131 138

1992 117 ... ... 128 165

1993 115 55 117 124    110**

  

 * drought  lowered yields in the basin and across Iowa

** frequent rains lowered yields in the basin and across Iowa
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N
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BOOGFL
BTLUW

BTLUE

BOOGD
BTLD

Bugenhagen
Sub-basin

N

Drainage Types
1988-1992

500 meters
1500 feet

Type 1 (surface water to surface)

Type 2 (surface water and tile to surface)

Type 3 (surface water and tile to BTLUE and surface)

Type 4 (surface water and tile to BTLUE)

Type 5 (surface water and tile to BTLUW)
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UPPER BUGENHAGEN SUB-BASIN DRAINAGE TYPES AND LANDUSE 1980 and 1987

Drainage type  Landuse type Year  Drainage type  Landuse type Year
and classification   80  and classification   87

Shallow alluvial groundwater Acres Surface water to surface Acres
    1 corn  38.99
0 corn 37.64  1 hay 161.12
0 hay 29.87 1 permanent pasture 9.84
0 permanent pasture 3.46  1 rotational pasture 0.18
0 farmstead 0.00 1 farmstead 2.08

subtotal 70.97 subtotal 212.21

Surface water to surface Surface water and tile to surface
 1 corn  207.39  2 corn  106.88

1 hay 59.78 2 hay 26.69
 1 permanent pasture 23.88  2 permanent pasture 17.50

1 farmstead 4.27 2 farmstead 3.01
subtotal 295.32 subtotal 154.08

Total acres to alluvial groundwater 70.97 Surface water to surface 212.21
Surface water to surface 295.32 Surface water and ti le to surface 154.08

Total acres for upper sub-basin 366.29 366.29
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UPPER BUGENHAGEN SUB-BASIN DRAINAGE TYPES AND LANDUSE 1988-1995

Drainage type  Landuse type                 Year
and classification   88 89 90 91 92 93 94 95

Surface water to surface to BTLUW                  Acres
 1 corn  0.92 7.65 7.65 1.33 6.72 4.51 7.64 7.64

1 beans 5.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 1 oats 0.00 0.00 0.00 6.32 0.00 0.00 0.00 0.00

1 hay 1.33 0.00 0.00 0.00 0.92 3.13 0.00 0.00
 subtotal 7.65 7.65 7.65 7.65 7.64 7.64 7.64 7.64

Surface water and tile to surface to BTLUW
 2  corn 15.94 15.94 15.94 15.94 15.94 15.94 15.94 15.94

2 permanent pasture 4.86 4.86 4.86 4.86 4.86 4.86 4.86 4.86
 subtotal 20.80 20.80 20.80 20.80 20.80 20.80 20.80 20.80
 
Surface water and tile to BTLUW
 5 corn 13.06 83.62 83.62 83.62 83.62 62.28 62.28 49.22

5 beans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.06
5 oats 0.00 0.00 0.00 0.00 0.00 21.34 0.00 0.00
5 hay 70.56 0.00 0.00 0.00 0.00 0.00 21.34 21.34

 5 permanent pasture 3.39 3.39 3.39 3.39 3.39 3.39 3.39 3.39
 5 farmstead 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
 subtotal 87.83 87.83 87.83 87.83 87.83 87.83 87.83 87.83

Total acres to BTLUW 116.28 116.28 116.28 116.28 116.27 116.27 116.27 116.27

 Surface water and tile to BTLUE and surface
 3 corn 1.43 3.67 35.86 35.86 19.12 6.95 32.76 33.48
 3 beans 17.69 0.00 0.00 0.00 17.70 17.70 0.00 0.00
 3 oats 5.03 1.43 0.00 0.00 0.00 10.17 0.00 0.00
 3 oats-set aside 0.00 17.69 0.00 0.00 0.00 0.00 4.62 0.00

3 hay 29.12 30.48 17.41 17.41 16.48 18.48 15.93 14.62
3 grass set aside 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.21

 3 permanent pasture 6.45 6.45 6.45 6.45 6.45 6.45 6.45 6.45
 3 farmstead 1.26 1.26 1.26 1.26 1.26 1.26 1.26 1.26
 subtotal 60.98 60.98 60.98 60.98 61.01 61.01 61.02 61.02

Surface water and tile to BTLUE
4 corn 120.04 173.00 173.00 141.21 152.20 140.71 169.13 88.98
4 beans 10.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 oats 0.00 0.00 0.00 31.31 0.50 0.94 0.63 80.33
4 hay 42.71 0.38 0.38 0.86 20.68 31.73 3.62 4.07
4 permanent pasture 12.64 12.64 12.64 12.64 12.63 12.63 12.63 12.63

 4 farmstead 3.01 3.01 3.01 3.01 3.01 3.01 3.01 3.01
subtotal 189.03 189.03 189.03 189.03 189.02 189.02 189.02 189.02

Total acres to BTLUE 250.01 250.01 250.01 250.01 250.03 250.03 250.04 250.04

Total acres for upper sub-basin 366.29 366.29 366.29 366.29 366.30 366.30 366.31 366.31
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Bugenhagen
Sub-basin

N

Landuse
1980

500 meters
1500 feet

corn

hay

permanant pasture

farmstead

timber

Bugenhagen
Sub-basin

N

Landuse
1987

500 meters
1500 feet

corn

hay

hay, set aside

sorgum-sudan grass

sorgum-sudan grass, set aside

permanant pasture

rotational pasture

wildlife a

farmstea

timber
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Bugenhagen
Sub-basin

N

Landuse
1988

500 meters
1500 feet

corn

hay

soybeans

permanant pasture

rotational pasture

oats

wildlife area

farmstead

timber

Bugenhagen
Sub-basin

N

Landuse
1989

500 meters
1500 feet

corn

hay

oats

permanant pasture

rotational pasture

oats, set aside

wildlife area

farmstead

timber

Bugenhagen
Sub-basin

N

Landuse
1990

500 meters
1500 feet

corn

hay

oats

permanant pasture

rotational pasture

oats, set aside

wildlife area

farmstead

timber

Bugenhagen
Sub-basin

N

Landuse
1991

500 meters
1500 feet

corn

hay

oats

permanant pasture

rotational pasture

oats, set aside

wildlife area

farmstead

timber

soybeans
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Bugenhagen
Sub-basin

N

Landuse
1992

500 meters
1500 feet

corn

hay

hay, set aside

permanant pasture

oats

soybeans

wildlife area

farmstead

timber

Bugenhagen
Sub-basin

N

Landuse
1993

500 meters
1500 feet

corn

hay

permanant pasture

oats

wildlife area

farmstead

timberoats, set asidesoybeans

Bugenhagen
Sub-basin

N

Landuse
1994

500 meters
1500 feet

corn

hay

soybeans

permanant pasture

oats

oats, set aside

wildlife area

farmstead

timber

Bugenhagen
Sub-basin

N

Landuse
1995

500 meters
1500 feet

corn

hay

soybeans

permanant pasture

oats

sorgum-sudan grass, set aside

wildlife area

farmstead

timber
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BUGENHAGEN SUB-BASIN LANDUSE TYPES 1980 and 1987-1995

year sub-basin corn beans oats oats hay hay sorghum sorghum permanant rotating wildlife farmstead trees sub-basin
set aside  set aside sudan grs. sudan grs. pasture pasture area total

        set aside    acres

1980 1 245.03 89.65 27.34 4.27 0.00 366.29
2 140.12 145.01 51.01  15.82 0.00 351.96
3 208.27  23.56 15.79 3.36 1.89 252.87

subtotals 593.42 0.00 0.00 0.00 258.22 0.00 0.00 0.00 94.14 0.00 0.00 23.45 1.89 971.12

1987 1 145.87 187.81 0.00 0.00 0.00 27.34 0.18 0.00 5.09 0.00 366.29
2 113.89 94.92 12.88 30.90 16.77 51.01 14.75 0.00 16.84 0.00 351.96
3 144.88  90.04 0.00 0.00 0.00 9.07 0.00 3.63 3.36 1.89 252.87

subtotals 404.64 0.00 0.00 0.00 372.77 12.88 30.90 16.77 87.42 14.93 3.63 25.29 1.89 971.12

1988 1 151.39 33.72 5.03 143.72 27.34 0.00 0.00 5.09 0.00 366.29
2 128.92 2.78 41.35 101.81 49.15 11.11 0.00 16.84 0.00 351.96
3 140.82 0.00 9.34 84.76 9.07 0.00 3.63 3.36 1.89 252.87

subtotals 421.13 36.50 55.72 0.00 330.29 0.00 0.00 0.00 85.56 11.11 3.63 25.29 1.89 971.12

1989 1 283.88 1.43 17.69 30.86 27.34 0.00 0.00 5.09 0.00 366.29
2 189.80 20.18 0.00 64.49 49.15 11.50 0.00 16.84 0.00 351.96
3 151.04 0.00 4.19 79.69 9.07 0.00 3.63 3.36 1.89 252.87

subtotals 624.72 0.00 21.61 21.88 175.04 0.00 0.00 0.00 85.56 11.50 3.63 25.29 1.89 971.12

1990 1 316.07 0.00 0.00 17.79 27.34 0.00 0.00 5.09 0.00 366.29
2 236.57 0.00 0.00 45.08 41.97 11.50 0.00 16.84 0.00 351.96
3 148.49 36.59 4.19 45.65 9.07 0.00 3.63 3.36 1.89 252.87

subtotals 701.13 0.00 36.59 4.19 108.52 0.00 0.00 0.00 78.38 11.50 3.63 25.29 1.89 971.12
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BUGENHAGEN SUB-BASIN LANDUSE TYPES 1980 and 1987-1995

year sub-basin corn beans oats oats hay hay sorghum sorghum permanant rotating wildlife farmstead trees sub-basin
set aside  set aside sudan grs. sudan grs. pasture pasture area total

        set aside    acres

 
1991 1 277.96 0.00 37.63 0.00 18.27 27.34 0.00 0.00 5.09 0.00 366.29

2 221.10 0.00 27.76 0.00 33.73 41.97 10.56 0.00 16.84 0.00 351.96
3 133.21 25.41 0.00 4.19 72.11 9.07 0.00 3.63 3.36 1.89 252.87

subtotals 632.27 25.41 65.39 4.19 124.11 0.00 0.00 0.00 78.38 10.56 3.63 25.29 1.89 971.12

1992 1 277.60 17.70 0.50  38.08 0.00 27.33  0.00 5.09 0.00 366.30
2 190.74 0.00 62.26  40.16 0.00 41.97  0.00 16.83 0.00 351.96
3 162.81 0.00 0.00  59.25 12.86 9.07  3.63 3.36 1.89 252.87

subtotals 631.15 17.70 62.76 0.00 137.49 12.86 0.00 0.00 78.37 0.00 3.63 25.28 1.89 971.13

1993 1 230.39 17.70 32.45 0.00 53.34  27.33  0.00 5.09 0.00 366.30
2 145.27 0.00 64.38 0.00 101.89  23.55  0.00 16.87 0.00 351.96
3 116.46 25.41 34.34 4.19 54.52  9.07  3.63 3.36 1.89 252.87

subtotals 492.12 43.11 131.17 4.19 209.75 0.00 0.00 0.00 59.95 0.00 3.63 25.32 1.89 971.13

1994 1 287.75 0.00 0.63 4.62 40.89  27.33  0.00 5.09 0.00 366.31
2 143.06 0.00 0.24 0.00 164.63  27.16  0.00 16.89 0.00 351.98
3 137.21 44.30 0.00 0.00 53.41  9.07  3.63 3.36 1.89 252.87

subtotals 568.02 44.30 0.87 4.62 258.93 0.00 0.00 0.00 63.56 0.00 3.63 25.34 1.89 971.16

 
1995 1 195.26 13.06 80.33  40.03  5.21 27.33  0.00 5.09 0.00 366.31

2 150.24 0.00 20.41  132.00  5.27 27.16  0.00 16.88 0.00 351.96
3 181.51 0.00 0.00  53.41  0.00 9.07  3.63 3.36 1.89 252.87

subtotals 527.01 13.06 100.74 0.00 225.44 0.00 0.00 10.48 63.56 0.00 3.63 25.33 1.89 971.14

���������(��������$
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Water Basin Departure % of

Year precipitation from normal normal
 inches inches  

1982 33.56 0.59 102

1983 44.53 11.56 135

1984 32.81 -0.16 100

1985 35.84 2.87 109
1986 36.96 3.99 112

1987 31.98 -0.99 97

1988 22.94 -10.03 70

1989 24.32 -8.65 74
1990 37.87 4.90 115

1991 47.28 14.31 143

1992 35.74 2.77 108

1993 46.47 13.50 141

1994 30.42 -2.55 92
1995 29.28 -3.69 89
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DISCHARGE - Partial Water Year

Total

acre-feet 67.0
millions cf 2.9
millions cm 0.08

Average

cfs 0.24
cms 0.007
mg/d 0.2
gpm 108

PRECIPITATION AND DISCHARGE

Partial Water Year

Precipitation 22.43 inches (569.7 mm)
Discharge 1.09 inches (27.7 mm)
Discharge as %
of precipitation 4.9%

NITRATE DISCHARGE - Partial Water Year

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 50.0 11.1
Mean of analyses 54.8 12.2

NO3-N output Total N output

lbs - N 2,024 2,313
kg - N 918 1,049
lbs - N/acre 2.8 3.1

ATRAZINE DISCHARGE - Partial Water Year

Concentration - µg/L

Flow-weighted mean 0.50
Mean of analyses 0.36

Total output

lbs 0.09
g 41.3
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DISCHARGE

Total

acre-feet 219
millions cf 9.5
millions cm 0.27

Average

cfs 0.30
cms 0.008
mg/d 0.2
gpm 135

PRECIPITATION AND DISCHARGE

Precipitation 31.98 inches (812 mm)
Discharge 3.57 inches (90.7 mm)
Discharge as %
of precipitation 11%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 42.1 9.4
Mean of analyses 38.9 8.6

NO3-N output  Total N output

lbs - N 5,591 6,747
kg - N 2,535 3,059
lbs - N/acre 7.6 9.2

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.17
Mean of analyses 0.31

Total output

lbs 0.10
g 46.2
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DISCHARGE - Partial Water Year

Total

acre-feet 26.5
millions cf 1.15
millions cm 0.033

Average

cfs 0.037
cms 0.001
mg/d 0.024
gpm 16.6

PRECIPITATION AND DISCHARGE

Partial Water Year

Precipitation 26.90 inches (683.3 mm)
Discharge 1.27 inches (32.3 mm)
Discharge as %
of precipitation 5%

NITRATE DISCHARGE - Partial Water Year

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 72.0 16.0
Mean of analyses 71.1 15.8

NO3-N output Total N output

lbs - N 1,152 1,175
kg - N 523 533
lbs - N/acre 4.6 4.7

ATRAZINE DISCHARGE - Partial Water Year

Concentration - µg/L

Flow-weighted mean 0.34
Mean of analyses 0.49

Total output

lbs 0.024
g 11.0
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DISCHARGE - Partial Water Year

Total

acre-feet 33.6
millions cf 1.46
millions cm 0.041

Average

cfs 0.046
cms 0.001
mg/d 0.030
gpm 20.6

PRECIPITATION AND DISCHARGE

Partial Water Year

Precipitation 26.90 inches (683.3 mm)
Discharge 3.48 inches (88.4 mm)
Discharge as %
of precipitation 13%

NITRATE DISCHARGE - Partial Water Year

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 63.9 14.2
Mean of analyses 57.4 12.8

NO3-N output Total N output

lbs - N 1,296 1,354
kg - N 588 614
lbs - N/acre 11.2 11.6

ATRAZINE DISCHARGE - Partial Water Year

Concentration - µg/L

Flow-weighted mean 0.35
Mean of analyses 0.82

Total output

lbs 0.032
g 14.5
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DISCHARGE - Partial Water Year

Total

acre-feet 5.6
millions cf 0.24
millions cm 0.007

Average

cfs 0.008
cms 0.0002
mg/d 0.005
gpm 3.6

PRECIPITATION AND DISCHARGE

Partial Water Year

Precipitation 26.87  inches (682.5 mm)
Discharge 3.73    inches (94.7 mm)
Discharge as %
of precipitation 14%

NITRATE DISCHARGE - Partial Water Year

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 47.0 10.5
Mean of analyses 45.2 10.0

NO3-N output  Total N output

lbs - N 159 168
kg - N 72.1 76.2
lbs-N/acre 8.8 9.3

ATRAZINE DISCHARGE - Partial Water Year

Concentration - µg/L

Flow-weighted mean 0.01
Mean of analyses 0.04

Total output

lbs 0.0002
g 0.094
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DISCHARGE

Total

acre-feet 173
millions cf 7.6
millions cm 0.20

Average

cfs 0.24
cms 0.007
mg/d 0.2
gpm 108

PRECIPITATION AND DISCHARGE

Precipitation 22.94 inches (583 mm)
Discharge 2.82 inches (71.6 mm)
Discharge as %
of precipitation 12%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 42.0 9.3
Mean of analyses 41.9 9.3

NO3-N output Total N output

lbs - N 4,387 4,982
kg - N 1,990 2,259
lbs - N/acre 6.0 6.8

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.26
Mean of analyses 0.34

Total output

lbs 0.12
g 54.8
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DISCHARGE

Total

acre-feet 78.0
millions cf 3.4
millions cm 0.096

Average

cfs 0.108
cms 0.003
mg/d 0.070
gpm 48.5

PRECIPITATION AND DISCHARGE

Precipitation 22.94 inches (582.6 mm)
Discharge 3.74 inches (94.0 mm)
Discharge as %
of precipitation 16%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 78.8 17.5
Mean of analyses 66.4 14.7

NO3-N output Total N output

lbs - N 3,714 3,888
kg - N 1,684 1,763
lbs - N/acre 14.9 15.6

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.57
Mean of analyses 0.32

Total output

lbs 0.12
g 54.7
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DISCHARGE

Total

acre-feet 9.6
millions cf 0.42
millions cm 0.012

Average

cfs 0.013
cms 0.0004
mg/d 0.008
gpm 5.8

PRECIPITATION AND DISCHARGE

Precipitation 22.94 inches (582.7 mm)
Discharge 0.99 inches (25.1 mm)
Discharge as %
of precipitation 4%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 27.8 6.2
Mean of analyses 28.5 6.3

NO3-N output  Total N output

lbs - N 162 199
kg - N 73.3 90.2
lbs - N/acre 1.4 1.7

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.26
Mean of analyses 0.19

Total output

lbs 0.007
g 3.03
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DISCHARGE

Total

acre-feet 7.7
millions cf 0.33
millions cm 0.01

Average

cfs 0.011
cms 0.0003
mg/d 0.007
gpm 4.9

PRECIPITATION AND DISCHARGE

Precipitation 22.94 inches (582.7 mm)
Discharge 5.13 inches (130.3 mm)
Discharge as %
of precipitation 22%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 44.0 9.8
Mean of analyses 40.6 9.0

NO3-N output  Total N output

lbs - N 204 233
kg - N 92.5 102
lbs-n/acre 11.3 12.9

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.03
Mean of analyses 0.07

Total output

lbs 0.001
g 0.23
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DISCHARGE

Total

acre-feet 57
millions cf 2.5
millions cm 0.07

Average

cfs 0.08
cms 0.002
mg/d 0.05
gpm 35.9

PRECIPITATION AND DISCHARGE

Precipitation 24.32 inches (618 mm)
Discharge 0.93 inches (23.7 mm)
Discharge as %
of precipitation 4%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 9.1 2.0
Mean of analyses 10.0 2.2

NO3-N output Total N output

lbs - N 317 1,398
kg - N 144 643
lbs - N/acre 0.4 1.9

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 2.31
Mean of analyses 2.47

Total output

lbs 0.36
g 163
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DISCHARGE

Total

acre-feet 10.5
millions cf 0.46
millions cm 0.013

Average

cfs 0.014
cms 0.0004
mg/d 0.009
gpm 6.3

PRECIPITATION AND DISCHARGE

Precipitation 24.32 inches (617.7 mm)
Discharge 0.50 inches (12.8 mm)
Discharge as %
of precipitation 2%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 17.5 3.9
Mean of analyses 17.7 3.9

NO3-N output Total N output

lbs - N 111 360
kg - N 50.3 163
lbs - N/acre 0.4 1.4

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 5.32
Mean of analyses 5.93

Total output

lbs 0.15
g 68.7
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DISCHARGE

Total

acre-feet 10.9
millions cf 0.47
millions cm 0.013

Average

cfs 0.015
cms 0.0004
mg/d 0.010
gpm 6.7

PRECIPITATION AND DISCHARGE

Precipitation 24.32 inches (617.7 mm)
Discharge 1.13 inches (28.7 mm)
Discharge as %
of precipitation 5%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 15.7 3.5
Mean of analyses 21.6 4.8

NO3-N output  Total N output

lbs - N 103 332
kg - N 46.7 151
lbs - N/acre 0.9 2.9

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 8.72
Mean of analyses 12.42

Total output

lbs 0.26
g 117

���������������������
&��������
�������������
�����
�����
���+#<���
�<=�1232$



��

�--(�*
:8
/��-
-+'��'�&-+'�1.�-
)1-)�-'��'+1-
�-	
*1�	
:1�
!�
�#�#
8���
'2�
,/�**�,'
��)1�	�	
�'
3����
	(�+-.
!�,
�#�5&�##��
�,
 ���;+1(,*�
/�-'+1-�	9
 3����
8�,
 	��

	(�+-.
/()2
1:
!�
�#�#�

 ��)2
8�,
'2�
1-*�
/1-'2
'2�'
2�	
�	�H(�'�
	�'�
'1
�**18
)1/�('�&
'+1-
1:
/1-'2*�
-+'��'�&-+'�1.�-
�-	
�'��0+-�
	+,&
)2��.�
	�'��
 
�-18/�*'
 +-
 ��)2
.�-���'�	
 '2�
'81
*��.�,'
�(-1::
�;�-',
1:
'2�
8�'��
�����

�2�
-+'��'�
)1-)�-'��'+1-
8�,
�5
/.E�
@�5
/.E�
�,
���&�A9
 '2���
 	��,
 �:'��
 '2�
 :+�,'
 �-	
 *��.�,'
�;�-'
@%+.�
�A�
�2�
/1-'2*�
:8
/��-
-+'��'�
)1-)�-'��'+1-
:1�

3����
	(�+-.
 ��)2
8�,
���#
/.E�
@��4
/.E�
�,
���&�A
�-	
'2�
'1'�*
/1-'2*�
-+'��'�&-+'�1.�-
1('�('
8�,
�7
�1(-	,�

 ��)2
�))1(-'�	
:1�
�**
1:
'2�
�--(�*
-+'��'�&-+'�1.�-
1('�('
�-	
�4C
1:
'2�
�--(�*
,(�:�)�&8�'��
	+,)2��.�
�'
3�����
�(�+-.
 !�
 �#�#9
 '8�-'�
 ,�/�*�,
 :�1/

3����
 8���
 �-�*�0�	
 :1�
 -+'��'�9
 �-	
 '8�*;�
,�/�*�,
8���
�-�*�0�	
:1�
�&,��+�,�

�2�
�--(�*
:8
/��-
-+'��'�
)1-)�-'��'+1-
8�,
�7��
/.E�
@�#
/.E�
 �,
 ���&�A�
 
 �2�
 �--(�*
 -+'��'�&-+'�1.�-
1('�('
:1�
'2�
8�'��
����
8�,
���
�1(-	,9
�-	
'2�
�--(�*
'1'�*
-+'�1.�-
1('�('
@-+'��'�&
�*(,
1�.�-+)&
�-	
�//1-+�&-+'�1.�-A
8�,
5�
�1(-	,�

!+'2+-
'2�
	��+-�.�
����
1:
3����9
'2�
�--(�*
-+'��'�&
-+'�1.�-
1('�('
8�,
�H(+;�*�-'
'1
��4
*�,&�E�)��
�-	
'2�
�--(�*
-+'�1.�-
1('�('
8�,
�H(�*
'1
��4
*�,&�E�)���

�2�
�--(�*
:8
/��-
-+'��'�&-+'�1.�-
)1-)�-'��'+1-
 �-	
 *1�	
 :1�
!�
 �#�#
 8���
 '2�
,/�**�,'
��)1�	�	
�'
3����
	(�+-.
!�,
�#�7&
�##��
�(�+-.
�(-1::
+-
*�'�
J�-(���9
'2�
-+'��'�
)1-&

)�-'��'+1-
 +-)���,�	
 :�1/
#
/.E�
 @���
/.E�
 �,
���&�A
1-
J�-(���
�
�'
�5K�
'1
�#
/.E�
@4��
/.E�
 �,
���&�A
 1-
 J�-(���
�
 �'
 �7K���
 
�+,&
)2��.�
 ��)�	�	
 :�1/
 ��#�
 ):,
 1-
 J�-(���
 �
 �'
�5K�
'1
����
):,
�'
��K���

�-
J�-(���
�9
	+,&
)2��.�
 +-)���,�	
:�1/
����
):,
�'
�4K��
 '1
��5�
):,
�'
�4K��9
'2�-
	�)*+-�	
'1
���4
):,
�'
��K��9
�-	
:*18
 )��,�	
 ��
 ��K���
 
 3����
 ��/�+-�	
 	��
:�1/
%���(���
�
'2�1(.2
%���(���
��9
:�1/
%��&
�(���
 �4
 '2�1(.2
  ��)2
 �9
 �-	
 :�1/
 ��)2
 
'2�1(.2
 ��)2
��
 
�2�
-+'��'�
)1-)�-'��'+1-
 +-&
)���,�	
 :�1/
 7
/.E�
 @��5
/.E�
 �,
 ���&�A
 1-
 ��)2
��
�'
�4K��
'1
�5
/.E�
@���
/.E�
�,
���&

�A
1-
 ��)2
�
�'
�4K��9
'2�-
���?�	
�'
�
/.E�
@��4
 /.E�
 �,
 ���&�A
 1-
  ��)2
 �4
 �'
 ��K���
�+,)2��.�
 +-)���,�	
:�1/
�
):,
1-
 ��)2
��
�'
��K��
'1
���5
):,
�'
�5K��9
'2�-
��)�	�	
'1
����
):,
1-
 ��)2
��
�'
��K��
��:1��
���?+-.
�'
��54
):,
�'
�4K��

�+,)2��.�
	�)*+-�	
'1
���5
):,
1-
 ��)2
��
�'
��K�9
'2�-
+-)���,�	
'1
���4
):,
�'
��K4�9
��:1��
	�)*+-+-.
�.�+-
'1
����
):,
1-
 ��)2
�
�'
��K���

�+,)2��.�
+-)���,�	
'1
��7�
):,
�'
��K4�9
	�)*+-�	
'1
���4
):,
1-
 ��)2
�4
�'
�#K��9
'2�-
���?�	
�'
��7�
):,
�'
��K��

�+,)2��.�
)��,�	
�'
3����
 	(�+-.
 '2�
 �;�-+-.
 1:
  ��)2
 �59
 �-	
3����
��/�+-�	
	��
'2�1(.2
 ��)2
�#�

�(�+-.
'2�
��/�+-	��
1:
'2�
8�'��
����9
3����
8�,
	��
:�1/
 ��)2
�
'2�1(.2
�(.(,'
�79
�(.(,'
�#
�-	
�9
 �-	
 :�1/
���'�/���
 �
 '2�1(.2
 %���(���
 4�
�2�
 ,/�**�,'
 -+'��'�
 )1-)�-'��'+1-
 ,�/�*�	
 �'
3����
	(�+-.
'2�
8�'��
����9
�
/.E�
@��4
/.E�
�,
 ���&�A9
 1))(���	
 '81
 21(�,
 �:'��
 ���?
 	+,&
)2��.�
:�1/
,-18/�*'
1-
 ��)2
��

�2�
-+'��'�
)1-)�-'��'+1-
+-)���,�	
'1
5
/.E�
@��
/.E�
�,
���&�A
1-
 ��)2
�49
'2�-
'1
��
/.E�
@�
/.E�
�,
 ���&�A
 1-
 ��)2
 �5
 �,
 	+,)2��.�
 ��)�	�	�
�+'��'�
)1-)�-'��'+1-,
��/�+-�	
��*18
��
/.E�
@���
/.E�
�,
���&�A
+-
'2�
,�/�*�,
'�?�-
	(�+-.
'2�
��/�+-	��
1:
'2�
�����
 1-'2*�
:8
/��-
-+'��'�&-+'�1.�-
)1-)�-'��&

'+1-,
 �-	
 *1�	,
 :1�
3����
8���
 )1/�('�	
 :1�
'2�
/1-'2,
1:
J�-(���9
%���(���9
 ��)29
�(.(,'9
�-	
���'�/����
 1-'2*�
:8
/��-
)1-)�-'��'+1-,
;��+�	
:�1/
���#
/.E�
@4��
/.E�
�,
���&�A
 +-
 ��)2
 '1
�
/.E�
 @���
/.E�
�,
���&�A
 +-
���&
'�/����

����'
;��+�'+1-,
+-
/1-'2*�
.�1(-	8�'��
	+,)2��.�
 *�	
 '1
 .���'
 ;��+�'+1-,
 +-
/1-'2*�
-+&
'��'�&-+'�1.�-
1('�('�
 
%���(���
2�	
'2�
,�)1-	&
.���'�,'
/1-'2*�
:8
/��-
-+'��'�
)1-)�-'��'+1-9
��
/.E�
@4��
/.E�
�,
���&�A9
�('
'2�
,/�**�,'
-+'��'�&-+'�1.�-
1('�('9
����
�1(-	,9
�-	
'2�
,/�**&
�,'
)1/�('�	
/1-'2*�
.�1(-	8�'��
	+,)2��.�
�'
�����
 �)&:'�
 
  ��)2
 2�	
 '2�
 .���'�,'
 /1-'2*�
-+'��'�&-+'�1.�-
1('�('9
#��
�1(-	,9
�-	
'2�
.���'&
�,'
 /1-'2*�
 .�1(-	8�'��
 	+,)2��.�9
 ��5
 �)&:'�
 ��)2
�))1(-'�	
:1�
��C
1:
'2�
�--(�*
.�1(-	&
8�'��
 	+,)2��.�
 �-	
 �#C
1:
 '2�
 �--(�*
 -+'��'�&
-+'�1.�-
 1('�('9
 82+*�
 %���(���
 �))1(-'�	
 :1�
����C
1:
'2�
�--(�*
.�1(-	8�'��
	+,)2��.�
�-	
����C
1:
'2�
�--(�*
-+'��'�&-+'�1.�-
	+,)2��.��



�#

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

N
O

3-
N

, m
g/

L

0

5

10

N
O

3,
 m

g/
L

0

20

40

60

Water Year 1989

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

Q
, c

fs

0.00

0.01

0.10

1.00

10.00

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

A
tr

az
in

e 
µ

g/
L 

(p
pb

)

0.1

1.0

10.0

100.0

ND

BTLUE  

BOOGD

BTLUW 

BTLUE  

BTLUW 

BOOGD

A

B

C

1988  1989

1988  1989

1988  1989

BOOGD

BTLUE  
BTLUW  

�������	
$���;���
�0���������;����
�����������
�����������(;��
��������
������
����.����
������
���:B;���
��+#!����+#<������>>�����
�<=�1232�:������������
���������������������
�0����	���������������
�����������
����������
����	����
�����%�����<=�1233;$��:�����
����������
��>>����
���
�������#$�$��������������
%�&��<$�$�$�
������$;



5�

�'
3���!9
'8�-'�&�+.2'
,�/�*�,
8���
�-�&
*�0�	
:1�
-+'��'�9
�-	
'2+�'��-
,�/�*�,
8���
�-�&
*�0�	
:1�
�&,��+�,
	(�+-.
!�
�#�#�

�2�
�--(�*
:8
/��-
-+'��'�
)1-)�-'��'+1-
8�,
���7
/.E�
@��
/.E�
 �,
 ���&�A�
 
 �2�
 �--(�*
 -+'��'�&-+'�1.�-
1('�('
:1�
'2�
8�'��
����
8�,
��
�1(-	,
�-	
'2�
�--(�*
'1'�*
-+'�1.�-
1('�('
@-+'��'�&
�*(,
1�.�-+)&9
�-	
�//1-+�&-+'�1.�-A
8�,
�
�1(-	,�

!+'2+-
'2�
	��+-�.�
����
1:
3���!9
'2�,�
1('�(',
8���
�H(+;�*�-'
 '1
 ��#
 *�,&�E�)��
 :1�
 -+'��'�&-+'�1.�-
�-	
��#
*�,&�E�)��
:1�
'1'�*
-+'�1.�-�

�2�
�--(�*
:8
/��-
-+'��'�&-+'�1.�-
)1-)�-'��'+1-
�-	
*1�	
:1�
!�
�#�#
8���
'2�
*18�,'
��)1�	�	
�'
3���!
	(�+-.
!�,
�#�7&�##��


�,
8+'2
3����9
'2�
-+'��'�
,�/�*�,
'�?�-
�'

3���!
 	(�+-.
 '2�
 8�'��
 ����
 8���
 �**
 �;�-'
��*�'�	�

�(�+-.
�(-1::
+-
*�'�
J�-(���9
'2�
-+'��'�
)1-)�-'��'+1-
�'
3���!
+-)���,�	
:�1/
�
/.E�
@���
/.E�
�,
���&�A
1-
J�-(���
�
�'
�5K4�
'1
�4
/.E�
 @��
 /.E�
 �,
 ���&�A
 1-
 J�-(���
 �
 �'
�7K��

��1(-	8�'��
	+,)2��.�
��)�	�	
:�1/
��#�
):,
1-
J�-(���
�
�'
�5K��
'1
����
):,
�'
��K��9
'2�-
1-
J�-(���
�9
	+,)2��.�
 +-)���,�	
:�1/
�
):,
�'
�#K4�
'1
���5
):,
�'
��K4�9
'2�-
	�)*+-�	
'1
����
 ):,
 �'
 ��K4�9
 �-	
 :*18
 )��,�	
 ��
 �K��
3���!
��/�+-�	
	��
:�1/
%���(���
�
'2�1(.2
 ��)2
 5�
 
 �2�
 -+'��'�
 )1-)�-'��'+1-
 	�)���,�	
:�1/
��
/.E�
@���
/.E�
�,
���&�A
�'
�K��
'1
�
/.E�
@���
/.E�
�,
���&�A
�'
�5K��
1-
 ��)2
#9
�,
	+,)2��.�
+-)���,�	
:�1/
���5
):,
�'
��K��
'1
���4
 ):,
 �'
 ��K�9
 '2�-
	�)���,�	
 '1
����
 ):,
 �'
��K4��

�2�
-+'��'�
)1-)�-'��'+1-
	�)���,�	
:�1/
��
/.E�
 @4��
/.E�
 �,
���&�A
 1-
 ��)2
��
 �'
��K�
'1
�4
/.E�
@��
/.E�
�,
���&�A
�'
�4K��9
'2�-
	�)���,�	
'1
��
/.E�

@��7
/.E�
�,
���&�A
�'
 �5K�
 �-	
 ��K���
 
 ��1(-	8�'��
 	+,)2��.�
 �'
3���!
+-)���,�	
:�1/
�
):,
1-
 ��)2
��
�'
'2�
��.+--+-.
 1:
 '2�
 	��
 '1
 ���4
 ):,
 �'
 ��K��9
 '2�-
	�)���,�	
 '1
 ����
 ):,9
 '2�-
 +-)���,�	
 �.�+-
 '1
���4
):,
�'
��K��9
��:1��
��)�	+-.
'1
���5
):,
1-
 ��)2
 ��
 �'
 ��K��
 
 �2�
 -+'��'�
 )1-)�-'��'+1-
+-)���,�	
 '1
 ��
/.E�
 @4�#
/.E�
 �,
���&�A
 1-
 ��)2
 ��
 �'
 ��K�9
 '2�-
 	�)���,�	
 '1
 �5
/.E�
@�5
/.E�
 �,
���&�A
 �'
 �K�
 �,
 	+,)2��.�
 +-&
)���,�	
:�1/
���5
):,
�'
��K�
'1
���5
):,
�'
�4K��9
'2�-
	�)���,�	
'1
��5
):,
�'
�4K���

�2�
-+'��'�
)1-)�-'��'+1-
 :1�
 3���!
8�,
 �.�+-
 �5
 /.E�

@�5
/.E�
�,
���&�A
�'
�4K��
1-
 ��)2
�9
�,
.�1(-	8�'��
	+,)2��.�
+-)���,�	
:�1/
����
):,
�'
�4K��
 '1
 ���7
 ):,
 �'
 �5K���
 
 �-
 ��)2
 �49
 '2�
-+'��'�
)1-)�-'��'+1-
+-)���,�	
:�1/
��
/.E�
@4�4
/.E�
�,
���&�A
�'
��K��9
'1
�
/.E�
@5�#
/.E�
�,
���&�A
 �'
�K��9
 '2�-
 +-)���,�	
 '1
�
/.E�
@7��
/.E�
�,
���&�A
�'
��K��9
�-	
4
/.E�
@7�5
/.E�
�,
���&�A
�'
�7K���

�2�
-+'��'�
)1-)�-'��&
'+1-
'2�-
	�)���,�	
,*+.2'*�
'1

/.E�
@7�
/.E�
�,
���&�A
�'
�#K��
��:1��
+-)���,+-.
'1
�
/.E�
@��4
/.E�
�,
���&�A
�'
��K��

�(�+-.
 ��)2
�49
.�1(-	8�'��
	+,)2��.�
+-)���,�	
:�1/
���4
):,
�'
�7K�
'1
��5�
):,
�'
��K�
'2�-
	�)*+-�	
'1
����
):,
�'
��K��
1-
 ��)2
���

�,
	+,)2��.�
	�)*+-�	
�'
3���!9
 '2�
 -+'��'�
 )1-)�-'��'+1-
 +-)���,�	
 '1
4#
/.E�
@���#
/.E�
�,
���&�A
�'
��K��
1-
 ��)2
���

�+,)2��.�
	�)*+-�	
:�1/
 ��)2
��&�#9
'2�-
1-
 ��)2
��9
	+,)2��.�
+-)���,�	
:�1/
����
):,
'1
���4
 ):,
 �'
 ��K4�9
 �-	
 '2�
 -+'��'�
 )1-)�-'��'+1-
	�)*+-�	
'1
4
/.E�
@��#
/.E�
�,
���&�A9
82+)2
8�,
 '2�
 ,/�**�,'
 )1-)�-'��'+1-
 ��)1�	�	
 �'
3���!
	(�+-.
'2�
8�'��
�����
�+,)2��.�
 ��)�	�	
 '1
 �
 ):,
 1-
 ��)2
 ��
 �'

�#K�9
'2�-
��,(/�	
�.�+-
�'
��K4�
'2�
-�G'
	���
�-
 ��)2
�9
'2�
-+'��'�
)1-)�-'��'+1-
8�,
�
/.E
�
 @���
 /.E�
 �,
 ���&�A
 �'
 �4K��
 �,
 	+,)2��.�
���?�	
 �'
 ���
 ):,�
 
 %1**18+-.
 '2+,9
 	+,)2��.�
.�-���**�
��)�	�	9
+-)���,+-.
	(�+-.
'2�
8��/�,'
���'
1:
'2�
	��,
�-	
	�)���,+-.
+-
'2�
�;�-+-.,�
�+,)2��.�
)��,�	
	(�+-.
 ��)2
�#
�-	
3���!
��/�+-�	
	��
(-'+*
J(-�
�
82�-
'2�
-+'��'�
)1-&
)�-'��'+1-
 8�,
 5
/.E�
 @���
 /.E�
 �,
 ���&�A�
�+,)2��.�
)��,�	
�.�+-9
�-	
3���!
��/�+-�	
	��
 :�1/
 J(-�
 &��
 �-	
 :�1/
 J(-�
 �
 '2�1(.2
�(.(,'
���

�-
�(.(,'
��9
'2�
-+'��'�
)1-)�-'��&
'+1-
8�,
7
/.E�
@��5
/.E�
�,
���&�A
	(�+-.
�
/+-1�
�;�-'�

�+,)2��.�
)��,�	
	(�+-.
�(.(,'
�9
��,(/�	
	(�+-.
�(.(,'
�59
'2�-
)��,�	
�.�+-9
�-	
3���!
8�,
	��
1-
�(.(,'
�7�

�-
�(.(,'
��9
'2�
-+'��'�
)1-)�-'��'+1-
	�)���,�	
:�1/
�7
/.E�
@��
/.E�
�,
���&�A
�'
�K4�
'1
��
/.E�
@���
/.E
�
�,
���&�A
�'
�4K��9
'2�-
+-)���,�	
�.�+-
'1

/.E�
@7�
/.E�
�,
���&�A
�'
�4K��

�+,)2��.�
)��,�	
1-
�(.(,'
��9
�-	
3���!
��/�+-�	
	��
(-'+*
�K�
1-
�(.(,'
��

�-
���'�/���
�9
'2�
-+'��'�
)1-)�-'��'+1-
+-)���,�	
:�1/
�4
/.E�
@��
/.E�
�,
���&�A
�'
�K��
'1
4�
/.E�
@#�
/.E�
�,



5�

���&�A
�'
�5K��9
'2�-
+-)���,�	
'1
��
/.E�
@����
/.E�
�,
���&�A
�'
��K��9
82+)2
8�,
'2�
.���'�,'
-+'��'�
)1-)�-'��'+1-
��)1�	�	
�'
3���!
	(�+-.
'2�
8�'��
�����

�+,)2��.�
)��,�	
*�'��
	(�+-.
'2�
	��
1-
���'�/���
�
�-	
3���!
��/�+-�	
	��
(-'+*
%���(���
�9
�##��

%1�
/1,'
1:
'2�
	+,)2��.�
�;�-',
 	(�+-.
 '2�
8�'��
 ����9
 -+'��'�
 )1-)�-'��&
'+1-,
.�-���**�
	�)���,�	
	(�+-.
���?
	+,)2��.�9
�-	
*�'��
+-)���,�	
�,
'2�
	+,)2��.�
��)�	�	�
 1-'2*�
:8
/��-
-+'��'�&-+'�1.�-
)1-)�-'��&

'+1-,
�-	
*1�	,
:1�
3���!
8���
)1/�('�	
:1�
J�-(���9
 ��)29
 ��9
J(-�9
�(.(,'9
�-	
���'�/&
����
 
  1-'2*�
 :8
 /��-
 )1-)�-'��'+1-,
 ;��+�	
:�1/
5��
/.E�
@���
/.E�
�,
���&�A
+-
 ��
�-	
J(-�
'1
7��
/.E�
@��5
/.E�
�,
���&�A
+-
J�-(&
����

$��+�'+1-,
+-
/1-'2*�
.�1(-	8�'��
	+,)2��.�
*�	
'1
;��+�'+1-,
+-
/1-'2*�
-+'��'�&-+'�1.�-
1('�('�
 ��)2
2�	
'2�
.���'�,'
/1-'2*�
-+'��'�&-+'�1.�-
1('�('9
 7#�7
 �1(-	,9
 �-	
 '2�
 .���'�,'
 /1-'2*�
.�1(-	8�'��
 	+,)2��.�9
 7�#�
 �)&:'9
 82+)2
 �)&
)1(-'�	
 :1�
 77C
 1:
 '2�
 �--(�*
 -+'��'�&-+'�1.�-
1('�('
�-	
7C
1:
 '2�
�--(�*
.�1(-	8�'��
	+,&
)2��.��

J�-(���
2�	
'2�
,/�**�,'
/1-'2*�
-+'��'�&
-+'�1.�-
 1('�('9
 ���5
 �1(-	,9
 �-	
 '2�
 ,/�**�,'
)1/�('�	
/1-'2*�
.�1(-	8�'��
	+,)2��.�9
���4
�)&:'9
 82+)2
 �))1(-'�	
 :1�
 ���C
 1:
 '2�
 �--(�*
-+'��'�&-+'�1.�-
	+,)2��.�
�-	
��4C
1:
'2�
�--(�*
.�1(-	8�'��
	+,)2��.��
�2�
�--(�*
:8
/��-
-+'��'�
)1-)�-'��'+1-
:1�

3+.
���+-.
	(�+-.
!�
�#�#
8�,
��
/.E�
@��7
/.E
�
 �,
 ���&�D
 �+���
 �'
 �*�9
 �##�A�
 
 �
 '1'�*
 1:
�4�9�4�
�1(-	,
1:
-+'�1.�-
8���
	+,)2��.�	9
�-	
1:
'2+,
'1'�*9
�#49#��
�1(-	,9
1�
��C9
8�,
+-
'2�
:1�/
1:
-+'��'��

!+'2+-
'2�
��
/+�
	��+-�.�
����
1:
3+.
���+-.9
'2�
'1'�*
-+'�1.�-
1('�('
8�,
�H(+;�&
*�-'
'1
�7
*�,&�E�)��
�-	
'2�
'1'�*
-+'��'�&-+'�1.�-
1('�('
8�,
��
*�,&�E�)���

�2�
�--(�*
:8
/��-
-+'��'�&-+'�1.�-
)1-)�-'��'+1-
�-	
*1�	
8���
'2�
,/�**�,'
��)1�	�	
	(�+-.
!�,
�#��&�##�
@�+(
�'
�*�9
�##�A�

%*18&8�+.2'�	
/��-
/1-'2*�
-+'��'�
)1-)�-'��'+1-,
;��+�	
:�1/

/.E�
@7��
/.E�
�,
���&�A
+-
�)'1���
'1
��
/.E�
@4��
/.E�
�,
���&
�A
 +-
 %���(����
 
  1-'2*�
 -+'��'�&-+'�1.�-
 	+,&
)2��.�
;��+�	
:�1/
��9���
�1(-	,
+-
%���(���
'1
�49���
�1(-	,
+-
 ��)2�
 
�2�
.���'�,'
/1-'2*�
-+'��'�&-+'�1.�-
	+,)2��.�
	(�+-.
!�
�#�#
8�,
*�,,
'2�-
'2�
,/�**�,'
/1-'2*�
	+,)2��.�
@��9���

�1(-	,
+-
���'�/���A
+-
!�
�#���

	���
�
������
���
��

���*�,
 ��&�7
 �-	
 %+.(��
 �
 ,(//��+0�
 '2�
��,(*',
1:
��,'+)+	�
/1-+'1�+-.
�'
,+'�,
3����9
3����
�-	
3���!
	(�+-.
!�
�#�#�
�+-�
 ,�/�*�,
 :�1/
 3����
8���
 �-�*�0�	

:1�
��,'+)+	�,
	(�+-.
!�
�#�#�

�-�
,�/�*�
8�,
)1**�)'�	
1-
J�-(���
�9
�-	
'2�
��,'
1:
'2�
,�/�*�,
8���
)1**�)'�	
:�1/
 ��)2
#
'2�1(.2
 ��)2
�4�
�**
 ,�/�*�,
)1-'�+-�	
	�'�)'��*�
 *�;�*,
1:
�'��&
0+-�
@L����
F.E�A�

�2�
�--(�*
:8
/��-
�'��0+-�
)1-)�-'��'+1-
:1�
3����
8�,
���
F.E�
�-	
'2�
�--(�*
1('�('
8�,
�5
.��/,�
�'
3����9
 ��)2
8�,
'2�
1-*�
/1-'2
	(�&

+-.
!�
�#�#
'2�'
2�	
�	�H(�'�
	�'�
'1
)1/�('�
/1-'2*�
 �'��0+-�
 	+,)2��.�
 	�'��
 
 3����
2�	
���-
	��
:�1/
'2�
*�,'
8��?
+-
J(-�
�#��
(-'+*
'2�
,�)1-	
8��?
+-
 ��)2
�#�#�

�-
 ��)29
,-18/�*'
.�-���'�	
'2�
'81
*��.�,'
�(-1::
�;�-',
	(�+-.
'2�
8�'��
�����

�2�
�'��0+-�
)1-)�-'��'+1-
+-)���,�	
:�1/
��#5
F.E�
1-
 ��)2
#
'1
��4
F.E�
1-
 ��)2
��9
 �,
 '2�
/��-
	�+*�
	+,)2��.�
 +-)���,�	
 :�1/
����
 ):,
 '1
 7��
 ):,�
 
 �2�
 �'��0+-�
 )1-)�-'��'+1-
8�,
����
F.E�9
�-	
'2�
/��-
	�+*�
	+,)2��.�
8�,
5�#
 ):,
 '2�
 :1**18+-.
 	���
 
 �-
  ��)2
 ��9
 '2�
�'��0+-�
)1-)�-'��'+1-
2�	
+-)���,�	
'1
���
F.E�9
�-	
	�+*�
	+,)2��.�
2�	
	�)���,�	
'1
���
):,�

�2�
/��-
	�+*�
	+,)2��.�
	�)���,�	
'1
���4
):,9
�-	
'2�
�'��0+-�
)1-)�-'��'+1-
+-)���,�	
'1
4�4�
F.E�9
'2���
	��,
�:'��
���?
�(-1::�

�2�
:1**18+-.
	��9
�,
�
,�)1-	
+-:*(G
1:
�(-1::
1))(���	9
'2�
�'��0+-�
)1-)�-'��'+1-
8�,
�5�
F.E�
�-	
'2�
/��-
	�+*�
	+,)2��.�
8�,
���
):,�
�(�+-.
 ��)29
'2�
'1'�*
/1-'2*�
�'��0+-�
1('&

�('
:1�
3����
8�,
�5
.��/,
�-	
'2�
/1-'2*�
:8
/��-
 �'��0+-�
 )1-)�-'��'+1-
8�,
 ��75
F.E��
 ��)2
 �))1(-'�	
 :1�
 �4C
 1:
 '2�
 ,(�:�)�&8�'��
	+,)2��.�
�-	
�**
1:
'2�
�'��0+-�
	+,)2��.�
	(�+-.
'2�
8�'��
�����
�'2��
��,'+)+	�,
	�'�)'�	
 �'
3����
	(�+-.

'2�
8�'��
����
+-)*(	�
)��-�0+-�
+-
,+G9
1�
57C9
1:
'2�
,�/�*�,
)1**�)'�	9
/�'1*�)2*1�
+-
,+G9
1�
57C9
�-	
�*�)2*1�
+-
1-�9
1�
��C9
1:
'2�
,�/�*�,
)1*&
*�)'�	�

�2�
.���'�,'
)1-)�-'��'+1-,
1:
��,'+)+	�,
	�'�)'�	
	(�+-.
'2�
8�'��
����
+-)*(	�	
�'��0+-�



5�

�'
4�4�
F.E�9
/�'1*�)2*1�
�'
��7�
F.E�9
)��-�0+-�
�'
 ����
 F.E�9
 �-	
 �*�)2*1�
 �'
 ���4
 F.E��
 
 �2�
/�G+/(/
 	�'�)'+1-
 :1�
 �*�)2*1�
 1))(���	
 1-
 ��)2
 ��9
 :1�
 �'��0+-�
 '2�
/�G+/(/
 	�'�)'+1-
8�,
 1-
  ��)2
 �9
 �-	
 :1�
 )��-�0+-�
 �-	
/�'1*�)2*1�
'2�
/�G+/(/
1))(���	
1-
 ��)2
�4�
�(�+-.
 !�
 �#�#9
 '2+�'��-
 ,�/�*�,
 :�1/

3����
8���
�-�*�0�	
:1�
��,'+)+	�,�

�**
1:
'2�
,�/�*�,
 )1-'�+-�	
 	�'�)'��*�
 *�;�*,
 1:
 �'��0+-�
@L����
F.E�A�

�2�
�--(�*
:8
/��-
�'��0+-�
)1-&
)�-'��'+1-
 :1�
 3����
 8�,
 ���
 F.E�
 �-	
 '2�
�--(�*
�'��0+-�
1('�('
8�,
5��7
.��/,�

�2�
:8
/��-
�'��0+-�
 )1-)�-'��'+1-
 :1�
3����
	(�+-.
!�
�#�#
8�,
'2�
.���'�,'
��)1�	�	
	(�+-.
!�,
�#�7&�##�9
�-	
8�,
��1���*�9
+-
���'9
	(�
'1
�+�,
+-'�1	()�	
��
,�/�*+-.
1-*�
	(�+-.
�(-1::
�;�-',�
3����
8�,
	��
:�1/
���'�/���
�
(-'+*
,-18&

/�*'
+-+'+�'�	
	+,)2��.�
1-
J�-(���
��

�2�
�'��&
0+-�
)1-)�-'��'+1-
 +-)���,�	
:�1/
��4�
F.E�
1-
J�-(���
�
'1
���
F.E�
1-
J�-(���
�
	(�+-.
'2�
'81
 ,�����'�
 �;�-',�
 
 �+,)2��.�
 )��,�	
 *�'�
 1-
'2�
�;�-+-.
1:
J�-(���
�
�-	
3����
��/�+-�	
	��
 '2�1(.2
 %���(���
 ���
 
 �1/�
 .�1(-	8�'��
	+,)2��.�
 1))(���	
 1-
 %���(���
 �9
 �-	
 '2�-
3����
8�,
	��
�.�+-
:�1/
%���(���
�4
'2�1(.2
 ��)2
��

�-
 ��)2
�
	+,)2��.�
��,(/�	
��+�:*�9
'2�-
3����
8�,
	��
�.�+-
'2�1(.2
 ��)2
��

�-
 ��)2
#9
'2�
�'��0+-�
)1-)�-'��'+1-
8�,
��4�
F.E
�
�'
�5K��9
�,
	+,)2��.�
+-)���,�	
:�1/
����
):,
�'
�4K�
'1
���4
�'
��K��9
'2�-
	�)���,�	
'1
����
):,
�'
��K4��

�-
 ��)2
��
'2�
�'��0+-�
)1-)�-'��'+1-
+-)���,�	
:�1/
���7
F.E�
�'
�4K�
'1
����
F.E�
�'
�7K��9
�,
	+,)2��.�
+-)���,�	
:�1/
�
):,
�'
��K��
'1
���5
):,
�'
�5K��9
'2�-
	�)���,�	
'1
���
):,
�'
�K��

�+,)2��.�
��/�+-�	
��*�'+;�*�
2+.2
	(�+-.
'2�
 :1**18+-.
 '81
 	��,9
 �-	
 1-
  ��)2
 �
 '2�
�'��0+-�
)1-)�-'��'+1-
8�,
7�5�
F.E�
�'
�4K��9
�,
'2�
	+,)2��.�
+-)���,�	
:�1/
����
):,
�'
��K��
'1
��7�
�'
��K4�9
'2�-
��)�	�	
'1
���4
):,
�'
�4K���
�2�
 .���'�,'
 �'��0+-�
 )1-)�-'��'+1-
 ��)1�	�	
 �'
3����
	(�+-.
 '2�
8�'��
 ����9
 �����
F.E�9
 1)&
)(���	
�'
��K��
1-
 ��)2
�49
 <(,'
�:'��
 '2�
	+,&
)2��.�
���?�	
�'
��7�
):,
�'
��K��

�2�
�'��0+-�
)1-)�-'��'+1-
	�)���,�	
'1
4�7�
F.E�
�'
��K��9
�,
	+,)2��.�
��)�	�	
'1
���
):,�

��1(-	8�'��
	+,&
)2��.�
 )1-'+-(�	
 '1
 ��)�	�
 '2�1(.2
  ��)2
 ��9
'2�-
+-)���,�	
,*+.2'*�9
'2�-
)��,�	
1-
 ��)2
�5�

3����
��/�+-�	
	��
(-'+*
 ��)2
��9
82�-
'2�
�'��0+-�
)1-)�-'��'+1-
8�,
����
F.E�
	(�+-.
;���
*18&:*18
)1-	+'+1-,�

�2�
:1**18+-.
	��9
'2�
�'��&
0+-�
 )1-)�-'��'+1-
 8�,
 ����
 F.E�
 �-	
 '2�
 	+,&
)2��.�
8�,
���
):,
�'
�4K��9
��+1�
'1
	+,)2��.�
���?+-.
�'
���4
):,
�'
��K��

�(�+-.
'2�
-�G'
'81
	��,9
	+,)2��.�
+-)���,�	
	(�+-.
'2�
8��/�,'
���'
1:
 '2�
 	��
 �-	
 	�)���,�	
 +-
 '2�
 �;�-+-.,�
 
 �-
 ��)2
�4
'2�
�'��0+-�
)1-)�-'��'+1-
8�,
��5�
F.E
�
�'
�5K��
�,
	+,)2��.�
8�,
��)�	+-.�

�+,)2��.�
��)�	�	
	(�+-.
'2�
:1**18+-.
:�8
	��,9
�-	
)��,�	
1-
 ��)2
�#�

3����
��/�+-�	
	��
(-'+*
�(.(,'
��
82�-
'2�
�'��0+-�
)1-)�-'��'+1-
8�,
����
F.E
�
 �'
 �4K��9
 :1**18+-.
 ���?
 	+,)2��.�
 �'
 �K���
�+,)2��.�
)��,�	
*�'��
'2�'
/1�-+-.9
�-	
3����
��/�+-�	
	��
(-'+*
*�'�
1-
�(.(,'
��

�2�
�'��0+-�
)1-)�-'��'+1-
8�,
5��
F.E�
�'
�K��9
'2+�'�
/+-&
('�,
 �:'��
 	+,)2��.�
 ���?�	�
 
 �+,)2��.�
 )��,�	
	(�+-.
'2�
�:'��-11-
1:
�(.(,'
�9
�-	
3����
��/�+-�	
	��
(-'+*
%���(���
�9
�##��
 1-'2*�
:8
/��-
�'��0+-�
)1-)�-'��'+1-,
8���

)1/�('�	
 :1�
 '2�
 /1-'2,
 J�-(���9
 %���(���9
 ��)29
�(.(,'9
�-	
���'�/����

 1-'2*�
:8
/��-
�'��0+-�
)1-)�-'��'+1-,
;��+�	
:�1/
���7
F.E�
+-
J�-(���
'1
����4
F.E�
+-
�(.(,'�

�,
8+'2
/1-'2*�
-+'��'�&-+'�1.�-
*1�	,9
.���'
;��+�'+1-,
+-
	+,)2��.�
*�	
'1
.���'
;��+�'+1-,
+-
/1-'2*�
�'��0+-�
*1�	,�
�2�
,/�**�,'
)1/�('�	
/1-'2*�
�'��0+-�
*1�	9
���4
.��/,9
8�,
	+,)2��.�	
	(�+-.
%���(���9
'2�
/1-'2
8+'2
'2�
'2+�	&.���'�,'
:8
/��-9
5���
F.E�9
�('
'2�
,/�**�,'
)1/�('�	
/1-'2*�
.�1(-	8�'��
	+,)2��.�9
�����
�)&:'�
 
�2�
 *��.�,'
/1-'2*�
 �'��0+-�
 *1�	9
����
 .��/,9
 8�,
 	+,)2��.�	
 	(�+-.
 ��)29
 '2�
/1-'2
8+'2
'2�
,�)1-	&,/�**�,'
:8
/��-
�'��0+-�
)1-)�-'��'+1-9
�('
 '2�
.���'�,'
/1-'2*�
.�1(-	&
8�'��
	+,)2��.�9
��5
�)&:'�

%���(���
�))1(-'�	
:1�
���5C
1:
'2�
�--(�*
�'��0+-�
1('�('
�-	
����C
1:
'2�
�--(�*
.�1(-	8�'��
	+,)2��.�9
82+*�
 ��)2
�))1(-'�	
:1�
��C
1:
'2�
�--(�*
�'��0+-�
1('�('
�-	
��C
1:
'2�
�--(�*
.�1(-	8�'��
	+,)2��.��
�'2��
 ��,'+)+	�,
 	�'�)'�	
 �'
 3����
 	(�+-.

'2�
8�'��
����
+-)*(	�
)��-�0+-�
+-
,+G9
1�
45C9
1:
'2�
 ,�/�*�,9
 �*�)2*1�
 +-
 '2���9
 1�
 �C9
 �-	
/�'1*�)2*1�
+-
1-�9
1�
��C9
1:
'2�
,�/�*�,
)1*&
*�)'�	�

�2�
.���'�,'
)1-)�-'��'+1-,
1:
��,'+)+	�,
	�'�)'�	
	(�+-.
'2�
8�'��
����
+-)*(	�	
�'��0+-�
�'
�����
F.E�9
�*�)2*1�
�'
����
F.E�9
)��-�0+-�
�'



5

���
 F.E�9
 �-	
/�'1*�)2*1�
 �'
 ����
 F.E��
 
 �2�
/�G+/(/
	�'�)'+1-
:1�
�*�)2*1�
1))(���	
J�-(���
�9
 �**
 1'2��
 /�G+/(/
 	�'�)'+1-,
 1))(���	
 1-
 ��)2
�4�

���-�0+-�
8�,
	�'�)'�	
	(�+-.
 ��)2
�-	
���'�/���9
�*�)2*1�
8�,
	�'�)'�	
+-
J�-(���
�-	
 ��)29
�-	
/�'1*�)2*1�
8�,
	�'�)'�	
+-
 ��)2
1-*��
�+-�'��-
 ,�/�*�,
 :�1/
 3���!
 8���
 �-�&

*�0�	
:1�
��,'+)+	�,
	(�+-.
!�
�#�#�

�+.2'��-9
1�
#�C9
1:
'2�
,�/�*�,9
)1-'�+-�	
	�'�)'��*�
*�;�*,
1:
�'��0+-�
@L����
F.E�A�

�2�
:8
/��-
�'��0+-�
)1-)�-'��'+1-
:1�
3���!
8�,
��7�
F.E�
�-	
'2�
'1'�*
 �'��0+-�
 1('�('
 	(�+-.
 '2�
8�'��
 ����
8�,
��7
.��/,�
3���!
8�,
	��
:�1/
 ��
��
'2�1(.2
J�-(&

���
�#�

�2�
�'��0+-�
)1-)�-'��'+1-
8�,
��47
F.E�
�'
�5K4�
1-
J�-(���
�9
'2+�'�
/+-('�,
�:'��
	+,&
)2��.�
���?�	�
 
�2�
�'��0+-�
)1-)�-'��'+1-
8�,
��7�
 F.E�
 �'
 �7K�9
 �,
 	+,)2��.�
 8�,
 ��)�	+-.
:�1/
�-1'2��
�(-1::
�;�-'
'2�
:1**18+-.
	���

�+,&
)2��.�
 )��,�	
 *�'��
 '2�'
 �;�-+-.
 �-	
 3���!
��/�+-�	
	��
(-'+*
 ��)2
7�

�
,�/�*�
'�?�-
1-
 ��)2
 #
 8�,
 '2�
 1-*�
 ,�/�*�
 :�1/
 3���!
	(�+-.
'2�
8�'��
����
'2�'
	+	
-1'
)1-'�+-
	�'�)'&
��*�
�'��0+-��
 
�2+,
,�/�*�
8�,
'�?�-
8+'2+-
�-
21(�
:1**18+-.
���?
	+,)2��.��

�-
 ��)2
��9
'2�
�'��0+-�
)1-)�-'��'+1-
	�)���,�	
:�1/
7���
F.E�
�'
�4K��
 '1
����
F.E�
�'
�7K��
�,
 '2�
	+,)2��.�
,*18*�
��)�	�	�

�-
 ��)2
��9
'2�
�'��0+-�
)1-&
)�-'��'+1-
8�,
#�4�
F.E�
�'
�K��9
��+1�
 '1
	+,&
)2��.�
���?+-.
�'
���5
):,
�'
�4K���
 
%1**18+-.
�-1'2��
�;�-'
1-
 ��)2
��9
'2�
�'��0+-�
)1-)�-&
'��'+1-
8�,
��5�
F.E�
1-
 ��)2
�
�'
�4K��
�,
	+,)2��.�
+-)���,�	
:�1/
����
):,
�'
�4K��
'1
���7
):,
�'
�5K���

�-
 ��)2
�4
'2�
�'��0+-�
)1-)�-&
'��'+1-
+-)���,�	
:�1/
����
F.E�
�'
��K��
'1
����
F.E�
 �'
 �K��9
 '2�-
 +-)���,�	
 '1
 �����
 F.E�
 �'
�7K���

�2�
	+,)2��.�
+-)���,�	
:�1/
���4
):,
�'
�7K�
'1
��5�
):,
�'
��K�
'2�-
��)�	�	
'2�1(.2
 ��)2
�#�

�-
 ��)2
��9
'2�
�'��0+-�
)1-)�-'��&
'+1-
 8�,
 ��55
 F.E�
 �'
 ��K4�9
 �,
 	+,)2��.�
 +-&
)���,�	
 :�1/
 ����
 ):,
 �'
 ��K��
 '1
 ���4
 ):,
 �'
��K��

�+,)2��.�
��/�+-�	
��*�'+;�*�
,'��	�
1-
 ��)2
��9
'2�-
+-)���,�	
'2�1(.2
'2�
�:'��-11-
1:
 ��)2
��

�2�
�'��0+-�
)1-)�-'��'+1-
8�,
��#�
F.E�
	(�+-.
���?
	+,)2��.�
�'
�4K���

�+,)2��.�
	�)*+-�	
'2�1(.2
 ��)2
��9
+-)���,�	
,*+.2'*�
1-

 ��)2
�59
'2�-
)1-'+-(�	
'1
	�)*+-�
(-'+*
)��,+-.
1-
 ��)2
 �#�
 
 3���!
 ��/�+-�	
 	��
 '2�1(.2
 ��
��9
 ��,(/�	
	+,)2��.�
��+�:*�
1-
 ��
�#9
'2�-
 :*18
 )��,�	
 �.�+-
 (-'+*
 J(-�
 �9
 82�-
 '2�
�'��0+-�
)1-)�-'��'+1-
8�,
�����
F.E�
�'
�5K��
�+,)2��.�
)��,�	
*�'��
'2�'
�;�-+-.9
�-	
'2�
'+*�
*+-�
 ��/�+-�	
 	��
 '2�1(.2
 J(-�
 ���
 
 �+,)2��.�
��,(/�	
'�/�1���+*�
1-
J(-�
��9
'2�-
)��,�	
�-	
3���!
��/�+-�	
	��
(-'+*
�(.(,'
��9
82�-
'2�
�'��0+-�
)1-)�-'��'+1-
8�,
44���
F.E�
	(�+-.
�(-&
1::�
 
�+,)2��.�
)��,�	
�.�+-
1-
�(.(,'
�9
�-	
3���!
 ��/�+-�	
 	��
 (-'+*
 �(.(,'
 �5�
 
 �+,&
)2��.�
)��,�	
�.�+-
	(�+-.
�(.(,'
�59
 '2�-
 ��&
,(/�	
1-
�(.(,'
��9
�-	
'2�
�'��0+-�
)1-)�-'��&
'+1-
	�)���,�	
:�1/
����
F.E�
�'
�K4�9
82+)2
8�,
'2�
.���'�,'
�'��0+-�
)1-)�-'��'+1-
��)1�	�	
�'
3���!
	(�+-.
'2�
8�'��
����9
'1
5�7�
F.E�
�'
�4K�9
�,
'2�
	+,)2��.�
��)�	�	�

�+,)2��.�
)��,�	
*�'��
'2�'
�;�-+-.
�-	
'2�
'+*�
��/�+-�	
	��
(-'+*
*�'�
1-
�(.(,'
��

�-
���'�/���
�9
'2�
�'��0+-�
)1-)�-'��'+1-
	�)���,�	
:�1/
����
F.E�
�'
�K��
'1
4���
�'
��K��
�,
	+,)2��.�
��)�	�	�

�+,)2��.�
)��,�	
:1**18+-.
'2�
�;�-'9
�-	
'2�
'+*�
��/�+-�	
	��
'2�1(.2
%���(���
49
�##��
 1-'2*�
:8
/��-
�'��0+-�
)1-)�-'��'+1-,
8���

)1/�('�	
:1�
'2�
/1-'2,
J�-(���9
 ��)29
 ��9
J(-�9
�(.(,'9
�-	
���'�/����

 1-'2*�
:8
/��-
�'��0+-�
)1-)�-'��'+1-,
;��+�	
:�1/
��54
F.E�
+-
J�-(���
'1
44�#�
F.E�
+-
�(.(,'�

�2�
2+.2
�'��&
0+-�
)1-)�-'��'+1-
1:
'2�
,�/�*�
'�?�-
1-
�(.(,'
��9
�*1-.
8+'2
'2�
*+/+'�	
-(/���
1:
,�/�*�,
'�?�-
	(�+-.
'2�
/1-'2
.�-���'�	
�
��*�'+;�*�
2+.2
/1-'2*�
:8
/��-
�'��0+-�
)1-)�-'��'+1-
�-	
*1�	
:1�
�(&
.(,'�
 
 �2�
 ,/�**�,'
 )1/�('�	
/1-'2*�
 �'��0+-�
*1�	9
 ���
.��/9
8�,
	+,)2��.�	
	(�+-.
 J�-(���9
'2�
/1-'2
8+'2
'2�
,�)1-	&.���'�,'
/1-'2*�
.�1(-	&
8�'��
	+,)2��.�9
����
�)&:'�

�2�
*��.�,'
/1-'2*�
�'��0+-�
*1�	9
54�5
.��/,9
8�,
	+,)2��.�	
	(�+-.
�(.(,'9
'2�
/1-'2
8+'2
'2�
'2+�	&.���'�,'
/1-'2*�
.�1(-	8�'��
 	+,)2��.�9
 ���7
 �)&:'�
 
 J�-(���
 �)&
)1(-'�	
 :1�
 ��#C
 1:
 '2�
 �--(�*
 �'��0+-�
 1('�('
�-	
 ��C
 1:
 '2�
 �--(�*
 .�1(-	8�'��
 	+,)2��.�9
82+*�
�(.(,'
 �))1(-'�	
 :1�
 ��C
1:
 '2�
 �--(�*
�'��0+-�
1('�('
�-	
��C
1:
'2�
�--(�*
.�1(-	8�&
'��
 	+,)2��.��
 
  ��)2
 2�	
 '2�
 ,�)1-	&*18�,'
/1-'2*�
:8
/��-
�'��0+-�
)1-)�-'��'+1-9
4�7
F.E
�9
�('9
��
:��9
'2�
.���'�,'
/1-'2*�
.�1(-	8�'��



54

	+,)2��.�9
7��#
�)&:'9
82+)2
.�-���'�	
'2�
,�)1-	
.���'�,'
 /1-'2*�
 �'��0+-�
 *1�	
 1:
 4���5
 .��/,�
 ��)2
�))1(-'�	
:1�
7C
1:
'2�
�--(�*
�'��0+-�
1('�('
�-	
7C
1:
 '2�
�--(�*
.�1(-	8�'��
	+,&
)2��.��
�'2��
��,'+)+	�,
	�'�)'�	
 �'
3���!
	(�+-.

!�
�#�#
+-)*(	�
�*�)2*1�
+-
�+.2'9
1�
4�C9
1:
'2�
,�/�*�,9
)��-�0+-�
+-
,�;�-9
1�
#C9
/�'1*�)2*1�
+-
1-�9
1�
�C9
�('�*�'�
+-
1-�9
1�
�C9
�-	
/�'�+�(0+-
+-
 1-�9
 1�
 �C9
 1:
 '2�
 ,�/�*�,
 )1**�)'�	�
 
 �2�
.���'�,'
)1-)�-'��'+1-,
1:
��,'+)+	�,
	�'�)'�	
	(�&
+-.
'2�
8�'��
����
+-)*(	�	
�'��0+-�
�'
����
F.E�9
�*�)2*1�
�'
����
F.E�9
/�'�+�(0+-
�'
����
F.E�9
)��-�0+-�
�'
��74
F.E�9
�('�*�'�
�'
����
F.E�9
�-	
/�'1*�)2*1�
�'
����
F.E��

�2�
/�G+/(/
	�'�)&
'+1-,
1:
�*�)2*1�
�-	
)��-�0+-�
1))(���	
1-
J(-�
�9
:1�
�'��0+-�
1-
�(.(,'
��9
:1�
�('�*�'�
1-
���&
'�/���
�9
:1�
/�'1*�)2*1�
1-
 ��)2
�49
�-	
:1�
/�'�+�(0+-
'2�
/�G+/(/
1))(���	
1-
�(.(,'
���
�*�)2*1�
 8�,
 	�'�)'�	
 	(�+-.
 J�-(���9
  ��)29
J(-�9
�-	
�(.(,'9
���-�0+-�
8�,
	�'�)'�	
	(�+-.
 ��)29
 J(-�9
 �(.(,'9
 �-	
 ���'�/���9
 �('�*�'�
8�,
	�'�)'�	
1-*�
+-
���'�/���9
/�'1*�)2*1�
8�,
	�'�)'�	
1-*�
	(�+-.
 ��)29
�-	
 �'�+�(0+-
8�,
	�'�)'�	
1-*�
	(�+-.
�(.(,'�
�(�+-.
!�
�#�#9
����
�1(-	,
1:
�'��0+-�
8���

	+,)2��.�	
:�1/
3+.
���+-.9
�'
�
:8
/��-
)1-)�-&
'��'+1-
1:
��5�
F.E�
@�+���
�'
�*�9
�##�A�

 1-'2*�
:8
/��-
�'��0+-�
)1-)�-'��'+1-,
�-	
*1�	,
;��+�	
:�1/
��5�
F.E�
�-	
��7
�1(-	,
+-
 ��)29
'1
����
F.E�
�-	
���
�1(-	,
+-
��)�/����

$����	2���	�((6

 
�������� ���
���
��

���*�,
 ��&��
 �-	
 %+.(��
 �4
 ,(//��+0�
 '2�
	+,)2��.�9
8�'��
H(�*+'�
�-	
)2�/+)�*&*1�	
	�'�
:1�
/1-+'1�+-.
,+'�,
3����9
3����9
3���!9
�-	
3���
	(�+-.
!�
�##��

�-
%+.(��
�49
-1'�
'2�
 *��.�
 +-)���,�
 +-
 ,)�*�
 1-
 '2�
 -+'��'�
 �*1'
��*�'+;�
'1
!�
�#�#�
!�'��
����
�##�
:1**18�	
'2�
'81
	�+�,'
)1-&

,�)('+;�
����,
+-
�18�B,
��)1�	�	
2+,'1���

�-
'2�
3+.
 ���+-.
 ����9
 ���)+�+'�'+1-
 	(�+-.
 '2�
 8�'��
����
8�,
7��7
+-)2�,9
1�
����1G+/�'�*�
:+;�
+-)2�,
��1;�
'2�
*1-.&'��/
�;���.�
:1�
-1�'2��,'
�18��

DISCHARGE

Total

acre-feet 173
millions cf 7.5
millions cm 0.20

Average

cfs 0.24
cms 0.007
mg/d 0.16
gpm 108

PRECIPITATION AND DISCHARGE

Precipitation 37.87 inches (969.9 mm)
Discharge 2.82 inches (71.6 mm)
Discharge as %
of precipitation 7%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 48.9 10.9
Mean of analyses 74.5 16.6

NO3-N output Total N output

lbs - N 5,103 12,211
kg - N 2,315 5,538
lbs - N/acre 6.9 16.6

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 3.07
Mean of analyses 2.77

Total output

lbs 1.4
g 653
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DISCHARGE

Total

acre-feet 53.7
millions cf 2.34
millions cm 0.07

Average

cfs 0.074
cms 0.002
mg/d 0.048
gpm 33.2

PRECIPITATION AND DISCHARGE

Precipitation 37.87 inches (961.9 mm)
Discharge 2.58 inches (65.5 mm)
Discharge as %
of precipitation 7%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 117.0 26.0
Mean of analyses 109.2 24.3

NO3-N output  Total N output

lbs - N 3,797 4,039
kg - N 1,722 1,832
lbs - N/acre 15.2 16.2

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 3.36
Mean of analyses 3.50

Total output

lbs 0.49
g 223
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DISCHARGE

Total

acre-feet 13.9
millions cf 0.61
millions cm 0.017

Average

cfs 0.019
cms 0.001
mg/d 0.012
gpm 8.5

PRECIPITATION AND DISCHARGE

Precipitation 37.87 inches (961.9 mm)
Discharge 1.44 inches (36.6 mm)
Discharge as %
of precipitation 4%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 47.0 10.4
Mean of analyses 44.6 9.9

NO3-N output Total N output

lbs - N 395 712
kg - N 179 323
lbs - N/acre 3.4 6.1

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 9.82
Mean of analyses 7.54

Total output

lbs 0.37
g 169
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DISCHARGE

Total

acre-feet 1.2
millions cf 0.05
millions cm 0.002

Average

cfs 0.002
cms 0.0001
mg/d 0.001
gpm 0.90

PRECIPITATION AND DISCHARGE

Precipitation 37.87 inches (961.9 mm)
Discharge 0.80 inches (20.3 mm)
Discharge as %
of precipitation 2%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 66.2 14.7
Mean of analyses 64.5 14.3

NO3-N output Total N output

lbs - N 49.7 50.6
kg - N 22.6 23.0
lbs-N/acre 2.8 2.8

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.00
Mean of analyses 0.00

Total output

lbs 0.00
g 0.00
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DISCHARGE

Total

acre-feet 1,020
millions cf 44
millions cm 1.3

Average

cfs 1.4
cms 0.04
mg/d 0.91
gpm 633

PRECIPITATION AND DISCHARGE

Precipitation 47.28 inches (1,201 mm)
Discharge 16.65 inches (422.9 mm)
Discharge as %
of precipitation 35%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 71.8 16.0
Mean of analyses 82.9 18.4

NO3-N output Total N output

lbs - N 44,336 50,588
kg - N 20,107 22,943
lbs - N/acre 60.2 68.7

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 3.32
Mean of analyses 0.83

Total output

lbs 9.2
kg 4.2
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DISCHARGE

Total

acre-feet 173
millions cf 7.51
millions cm 0.21

Average

cfs 0.24
cms 0.007
mg/d 0.16
gpm 107

PRECIPITATION AND DISCHARGE

Precipitation 47.28 inches (1,201 mm)
Discharge 8.30 inches (210.8 mm)
Discharge as %
of precipitation 18%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 120.8 26.8
Mean of analyses 107.1 23.8

NO3-N output  Total N output

lbs - N 12,606 13,467
kg - N 5,717 6,107
lbs - N/acre 50.4 53.9

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 4.36
Mean of analyses 6.48

Total output

lbs 2.1
g 929
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DISCHARGE

Total

acre-feet 85.3
millions cf 3.72
millions cm 0.105

Average

cfs 0.118
cms 0.003
mg/d 0.076
gpm 53.0

PRECIPITATION AND DISCHARGE

Precipitation 47.28 inches (1,201 mm)
Discharge 8.82 inches (224.0 mm)
Discharge as %
of precipitation 19%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 115.6 25.7
Mean of analyses 105.8 23.5

NO3-N output Total N output

lbs - N 5,959 6,653
kg - N 2,702 3,017
lbs - N/acre 51.4 57.4

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 6.90
Mean of analyses 4.76

Total output

lbs 1.60
g 726
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DISCHARGE

Total

acre-feet 36.1
millions cf 1.57
millions cm 0.044

Average

cfs 0.050
cms 0.001
mg/d 0.032
gpm 22.4

PRECIPITATION AND DISCHARGE

Precipitation 47.28 inches (1,201 mm)
Discharge 24.07 inches (611.4 mm)
Discharge as %
of precipitation 51%

NITRATE DISCHARGE

Concentration - mg/L    As NO3 As NO3-N

Flow-weighted mean 71.8 15.9
Mean of analyses 64.0 14.2

NO3-N output  Total N output

lbs - N 1,565 1,593
kg - N 710 723
lbs-N/acre 86.9 88.5

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.04
Mean of analyses 0.09

Total output

lbs 0.004
g 1.86
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DISCHARGE

Total

acre-feet 825
millions cf 36
millions cm 1.0

Average

cfs 1.0
cms 0.03
mg/d 0.65
gpm 449

PRECIPITATION AND DISCHARGE

Precipitation 35.74 inches (907.8 mm)
Discharge 13.45 inches (341.6 mm)
Discharge as %
of precipitation 38%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 71.6 15.9
Mean of analyses 74.6 16.6

NO3-N output Total N output

lbs - N 35,646 37,957
kg - N 16,166 17,214
lbs - N/acre 48.4 51.6

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.33
Mean of analyses 0.21

Total output

lbs 0.73
g 333
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DISCHARGE

Total

acre-feet 245
millions cf 10.7
millions cm 0.30

Average

cfs 0.34
cms 0.01
mg/d 0.22
gpm 152

PRECIPITATION AND DISCHARGE

Precipitation 35.74 inches (907.8 mm)
Discharge 11.76 inches (298.7 mm)
Discharge as %
of precipitation 33%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 73.5 16.3
Mean of analyses 71.5 15.9

NO3-N output  Total N output

lbs - N 10,874 11,636
kg - N 4,932 5,277
lbs - N/acre 43.5 46.5

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.47
Mean of analyses 0.51

Total output

lbs 0.31
g 142
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DISCHARGE

Total

acre-feet 98.8
millions cf 4.3
millions cm 0.12

Average

cfs 0.14
cms 0.004
mg/d 0.09
gpm 61.0

PRECIPITATION AND DISCHARGE

Precipitation 35.74 inches (907.8 mm)
Discharge 10.22 inches (259.6 mm)
Discharge as %
of precipitation 29%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 80.9 18.0
Mean of analyses 78.6 17.5

NO3-N output  Total N output

lbs - N 4,833 5,045
kg - N 2,192 2,288
lbs - N/acre 41.7 43.5

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.61
Mean of analyses 0.54

Total output
lbs 0.16
g 73.9
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DISCHARGE

Total

acre-feet 34.7
millions cf 1.51
millions cm 0.043

Average

cfs 0.048
cms 0.001
mg/d 0.031
gpm 21.5

PRECIPITATION AND DISCHARGE

Precipitation 35.74 inches (907.8 mm)
Discharge 23.13 inches (587.5 mm)
Discharge as %
of precipitation 65%

NITRATE DISCHARGE

Concentration - mg/L    As NO3 As NO3-N

Flow-weighted mean 68.9 15.3
Mean of analyses 67.5 15.0

NO3-N output  Total N output

lbs - N 1,447 1,475
kg - N 656 669
lbs-N/acre 80.4 81.9

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.01
Mean of analyses 0.02

Total output

lbs 0.001
g 0.49
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DISCHARGE

Total

acre-feet 372
millions cf 16.2
millions cm 0.46

Average

cfs 0.52
cms 0.02
mg/d 0.33
gpm 231

PRECIPITATION AND DISCHARGE

Precipitation 46.47 inches (1,180 mm)
Discharge 17.84 inches (453.1 mm)
Discharge as %
of precipitation 38%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 54.4 12.1
Mean of analyses 61.7 13.7

NO3-N output  Total N output

lbs - N 12,229 13,281
kg - N 5,546 6,023
lbs - N/acre 48.9 53.1

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.37
Mean of analyses 0.50

Total output

lbs 0.37
g 168

�����
���������������
&��������
�������������
�����
�����
���+#!���
�<=�1228$



#4

	+,)2��.�9
 )*+/�'+)9
 8�'��
 H(�*+'�
 �-	
 )2�/+)�*
*1�	+-.
	�'�
:1�
3����9
3���!
�-	
3���
:1�
!�
�##�

 1-+'1�+-.
1:
3����
8�,
	+,)1-'+-&
(�	
�'
'2�
�-	
1:
!�
�##��
!�'��
����
�##
2�	
'2�
,�)1-	&.���'�,'
�-&

-(�*
���)+�+'�'+1-
	(�+-.
!�,
�#��&�##��
 
�2�
/��-
 �--(�*
 ���)+�+'�'+1-
 8�,
 45�47
 +-)2�,
 1�
�4�C
1:
 '2�
 *1-.&'��/
�;���.��
 
��+-:�**
 '1'�*,
8���
��*18
-1�/�*
	(�+-.
�)'1���9
J�-(���9
 ��9
�-	
���'�/���9
�-	
8�**
��1;�
-1�/�*
+-
�1;�/&
���9
 �-	
 :�1/
 J(-�
 '2�1(.2
 �(.(,'�
 
 ����1G+&
/�'�*�
2�*:
1:
 '2�
�--(�*
���)+�+'�'+1-
1))(���	
	(�+-.
'2�
J(-�
'2�1(.2
�(.(,'
���+1	�

�)'1���
8�,
'2�
	�+�,'
/1-'2
1:
'2�
8�'��
����9
8+'2
��7�
+-)2�,
1:
���)+�+'�'+1-9
�-	
J(-�
�-	
�(.(,'
8���
'2�
8�''�,'
/1-'2,9
8+'2
����
�-	
����
+-)2�,
1:
���)+�+'�'+1-9
��,��)'+;�*��
�+,)2��.�
�'
/1,'
/1-+'1�+-.
,+'�,
+-
'2�
,(�&

��,+-
	�)���,�	
:�1/
'2�
��.+--+-.
1:
'2�
8�'��
����
'2�1(.2
/1,'
1:
�)'1���9
'2�-
+-)���,�	
+-
���*�
 �1;�/���9
 �-	
 +-)���,�	
 :(�'2��
 +-
 *�'�
�1;�/���
@%+.�
�7A�
 
%�1/
*�'�
�1;�/���9
	+,&
)2��.�
.�-���**�
��)�	�	
�'
'2�
,+'�,
'2�1(.2
*�'�
%���(����

�-18/�*'
+-
*�'�
%���(���
�-	
���)+�+&
'�'+1-
 +-
 ��)2
 �-	
���+*
 .�-���'�	
 ,+.-+:+)�-'
+-)���,�,
 +-
 	+,)2��.�
 �'
 �**
 ,+'�,�
 
 �+,)2��.�
��)�	�	
 �'
 �**
 ,+'�,
 	(�+-.
 ��9
 '2�-
 +-)���,�	
�*1-.
8+'2
���)+�+'�'+1-
+-
J(-�
�-	
'2�
:+�,'
2�*:
1:
J(*�
��:1��
��)�	+-.
�.�+-
+-'1
���*�
�(.(,'�

�+,&
)2��.�
 +-)���,�	
 �.�+-
 	(�+-.
�(.(,'9
 '2�-
 ��&
)�	�	
'2�1(.2
'2�
��/�+-	��
1:
'2�
8�'��
�����
�+,)2��.�
:�1/
3����
8�,
)1-'+-(1(,
	(�&

+-.
'2�
�-'+��
8�'��
�����

�2�
�--(�*
	+,)2��.�
:1�
3����
:1�
!�
�##
8�,
7�
�)&:'9
�-	
'2�
�;���.�
	�+*�
	+,)2��.�
8�,
����
):,
@���*�
�A�
�2�
�--(�*
	+,)2��.�
:�1/
3����
8�,
�H(�*
'1
�C
1:
 '2�
 �--(�*
 ���)+�+'�'+1-�
 
3���!
8�,
	��
:�1/
�)'1���
��&�9
:�1/
�1;�/���
�5&�#9
�-	
 :�1/
 J�-(���
 �#
 '2�1(.2
  ��)2
 ��
 
 �2�
�--(�*
 	+,)2��.�
 :�1/
 3���!
8�,
 ���
 �)&:'9
'2�
�;���.�
	�+*�
	+,)2��.�
��'�
8�,
����
):,9
�-	
'2�
�--(�*
	+,)2��.�
8�,
�H(+;�*�-'
'1
4�C
1:
'2�
�--(�*
���)+�+'�'+1-
@���*�
�A�
 
�'
3���9
	+,&
)2��.�
8�,
)1-'+-(1(,
'2�1(.21('
'2�
8�'��
����9
�G)��'
	(�+-.
%���(���
�#&�4�

�2�
.�1(-	8�'��
	+,)2��.�
:�1/
3���
	(�+-.
'2�
8�'��
����
8�,
���
 �)&:'
 �-	
 '2�
 �;���.�
 	�+*�
 	+,)2��.�
8�,

DISCHARGE

Total

acre-feet 182
millions cf 7.9
millions cm 0.22

Average

cfs 0.25
cms 0.007
mg/d 0.16
gpm 113

PRECIPITATION AND DISCHARGE

Precipitation 46.47 inches (1,180 mm)
Discharge 18.81 inches (477.8 mm)
Discharge as %
of precipitation 40%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 72.4 16.1
Mean of analyses 80.9 18.0

NO3-N output  Total N output

lbs - N 7,957 8,608
kg - N 3,609 3,904
lbs - N/acre 68.6 74.2

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.27
Mean of analyses 0.19

Total output
lbs 0.14
g 61.2
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DISCHARGE

Total

acre-feet 38.5
millions cf 1.67
millions cm 0.047

Average

cfs 0.053
cms 0.002
mg/d 0.034
gpm 23.8

PRECIPITATION AND DISCHARGE

Precipitation 46.47 inches (1,180 mm)
Discharge 25.67 inches (652.0 mm)
Discharge as %
of precipitation 55%

NITRATE DISCHARGE

Concentration - mg/L    As NO3 As NO3-N

Flow-weighted mean 56.6 12.6
Mean of analyses 60.2 13.4

NO3-N output  Total N output

lbs - N 1,316 1,354
kg - N 597 614
lbs-N/acre 73.1 75.2

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.09
Mean of analyses 0.07

Total output

lbs 0.01
g 4.35
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DISCHARGE

Total

acre-feet 76.4
millions cf 3.3
millions cm 0.09

Average

cfs 0.11
cms 0.003
mg/d 0.07
gpm 47.6

PRECIPITATION AND DISCHARGE

Precipitation 30.42 inches (772.7 mm)
Discharge 3.67 inches (93.2 mm)
Discharge as %
of precipitation 12%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 55.9 12.4
Mean of analyses 69.7 15.5

NO3-N output  Total N output

lbs - N 2,583 2,666
kg - N 1,172 1,209
lbs - N/acre 10.3 10.7

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.17
Mean of analyses 0.12

Total output

lbs 0.04
g 16.2
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DISCHARGE

Total

acre-feet 18.7
millions cf 0.81
millions cm 0.02

Average

cfs 0.03
cms 0.001
mg/d 0.02
gpm 11.7

PRECIPITATION AND DISCHARGE

Precipitation 30.42 inches (772.7 mm)
Discharge 1.93 inches (49.0 mm)
Discharge as %
of precipitation 6%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 40.8 9.1
Mean of analyses 73.0 16.2

NO3-N output  Total N output

lbs - N 462 499
kg - N 209 226
lbs - N/acre 4.0 4.3

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.14
Mean of analyses 0.09

Total output
lbs 0.007
g 3.2
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DISCHARGE

Total

acre-feet 9.2
millions cf 0.40
millions cm 0.011

Average

cfs 0.013
cms 0.0004
mg/d 0.008
gpm 5.8

PRECIPITATION AND DISCHARGE

Precipitation 30.42 inches (772.7 mm)
Discharge 6.13 inches (155.7 mm)
Discharge as %
of precipitation 20%

NITRATE DISCHARGE

Concentration - mg/L    As NO3 As NO3-N

Flow-weighted mean 60.3 13.4
Mean of analyses 61.7 13.7

NO3-N output  Total N output

lbs - N 334 338
kg - N 151 153
lbs-N/acre 18.6 18.8

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.13
Mean of analyses 0.11

Total output

lbs 0.003
g 1.50
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DISCHARGE

Total

acre-feet 97.5
millions cf 4.2
millions cm 0.12

Average

cfs 0.14
cms 0.004
mg/d 0.09
gpm 60.6

PRECIPITATION AND DISCHARGE

Precipitation 29.28 inches (717.4 mm)
Discharge 4.68 inches (118.9 mm)
Discharge as %
of precipitation 16%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 73.2 16.3
Mean of analyses 69.4 15.4

NO3-N output  Total N output

lbs - N 4,315 n/a
kg - N 1,957 n/a
lbs - N/acre 17.3 n/a

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.17
Mean of analyses 0.15

Total output

lbs 0.05
g 20.9
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DISCHARGE

Total

acre-feet 29.1
millions cf 1.3
millions cm 0.04

Average

cfs 0.04
cms 0.001
mg/d 0.03
gpm 18.0

PRECIPITATION AND DISCHARGE

Precipitation 29.28 inches (717.4 mm)
Discharge 3.01 inches (76.5 mm)
Discharge as %
of precipitation 10%

NITRATE DISCHARGE

Concentration - mg/L As NO3 As NO3-N

Flow-weighted mean 80.9 18.0
Mean of analyses 80.2 17.8

NO3-N output  Total N output

lbs - N 1,425 n/a
kg - N 646 n/a
lbs - N/acre 12.3 n/a

ATRAZINE DISCHARGE

Concentration - µg/L

Flow-weighted mean 0.12
Mean of analyses 0.15

Total output
lbs 0.01
g 4.34
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SUB-BASIN FERTILIZER-NITROGEN RATES,  NO3-N LOADS,  AND FW MEAN NO3-N CONCENTRATIONS 

Water Sub Fertilized Applied Applied Yield BTLUE BTLUE BTLUW BTLUW BOOGD BOOGD
Year Basin Corn Nitrogen Nitrogen Corn NO3-N FW Mean NO3-N FW Mean NO3-N FW Mean

Acres Total lbs lbs/Acre bu/acre Load lbs NO3-N mg/L Load lbs NO3-N mg/L Load lbs NO3-N mg/L

 1987* Upper 137 23,128 169 167 1,152 16.0 1,296 14.2
Lower 252 44,103 175 160
Total 389 67,231 173 163 5,591 9.4

1988 Upper 160 27,683 173 88 3,714 17.5 162 6.2   
Lower 237 40,086 169 81

Total 397 67,769 171 84 4,387 9.3

1989 Upper 262 46,822 179 167 111 3.9 103 3.5

Lower 323 60,760 188 169
Total 585 107,582 184 168 317 2.0

1990 Upper 339 58,748 173 165 3,797 26.0 395 10.4
Lower 341 56,617 166 162
Total 680 115,365 170 164 5,103 10.9

1991 Upper 307 52,032 168 177 12,606 26.8 5,959 25.7
Lower 317 51,309 163 164
Total 624 103,341 166 173 44,336 16.0

1992 Upper 281 48,360 172 157 10,874 16.3 4,833 18.0
Lower 296 54,544 184 144
Total 577 102,904 178 153 35,646 15.9

1993 Upper 280 44,729 160 96 12,229 12.1 7,957 16.1
Lower 207 30,066 145 95
Total 487 74,795 154 96 n/a n/a

1994 Upper 292 50,943 174 155 2,583 12.4 462 9.1
Lower 247 45,812 185 166
Total 539 96,755 180 159 n/a n/a

1995 Upper 217 33,466 155 144 4,315 16.3 1,425 18.0
Lower 314 49,675 158 142
Total 531 83,141 157 143 n/a n/a

SUB-BASIN SUMMARIES WYs 1987-1992 and 1987-1995     NITROGEN DEFICITS

Water Sub Fertilized Applied Applied Yield Sub-basin Pounds % of N Load as % Total
Year Basin Corn Nitrogen Nitrogen Corn NO3-N of N needed of N Nitrogen

Acres Total lbs lbs/Acre bu/acre Load lbs Needed Applied Applied Deficit
 

 1987- Upper 1,486 256,773 172 154 45,002 278,283 92.3% 17.5% -66,512
1992 Lower 1,766 307,419 174 147 50,378 315,996 97.3% 16.4% -58,955

Total 3,252 564,192 174 151 95,380 598,422 94.3% 16.9% -129,610

 1987- Upper 2,275 385,911 169 146 73,973 405,840 95.1% 19.2% -93,902
1995 Lower 2,534 432,972 171 143     n/a    440,708 98.2% n/a n/a

Total 4,809 818,883 170 145   73,973** 849,408 96.4% n/a n/a

*Partial water year for BTLUE and BTLUW    **Loads for BOOGD were not computed after WY 1992
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     SUB-BASIN ATRAZINE RATES,  ATRAZINE LOADS,  AND FW MEAN ATRAZINE CONCENTRATIONS 

Water Sub Treated Applied Applied BTLUE BTLUE BTLUW BTLUW BOOGD BOOGD    Load as %

Year Basin Corn Atrazine Atrazine Atrazine FW Mean Atrazine FW Mean Atrazine FW Mean    of Atrazine

Acres Total lbs lbs/Acre Load lbs µg/L Load lbs µg/L Load lbs µg/L    Applied 

 1987* Upper 133 264 1.98 0.024 0.34 0.032 0.35 0.02%

Lower 220 433 1.97
Total 353 697 1.97 0.10 0.17 0.01%

1988 Upper 23 29 1.25 0.120 0.57 0.007 0.26   0.44%
Lower 32 32 1.00
Total 55 61 1.10 0.12 0.26 0.20%

1989 Upper 137 300 2.19 0.150 5.32 0.260 8.72 0.14%
Lower 139 308 2.20
Total 276 608 2.20 0.36 2.31 0.06%

1990 Upper 40 60 1.50 0.490 3.36 0.370 9.82 1.43%

Lower 50 72 1.44
Total 90 132 1.47 1.40 3.07 1.06%

1991 Upper 0 0 0.00 2.100 4.36 1.600 6.90 >>100%
Lower 89 133 1.50
Total 89 133 1.50 9.20 3.32 6.92%

1992 Upper 2 1 0.50 0.310 0.47 0.160 0.61 47.0%
Lower 129 84 0.65
Total 131 85 0.65 0.73 0.33 0.86%

1993 Upper 11 6 0.50 0.370 0.37 0.140 0.27 9.27%
Lower 83 120 1.45
Total 94 126 1.33 n/a n/a n/a

1994 Upper 0 0 0.00 0.040 0.17 0.007 0.14 >>100%
Lower 77 116 1.50
Total 77 116 1.50 n/a n/a n/a

1995 Upper 160 160 1.00 0.050 0.17 0.010 0.12 0.04%
Lower 203 229 1.13
Total 363 389 1.07 n/a n/a n/a

SUB-BASIN SUMMARIES WYs 1987-1992 and 1987-1995

 1987- Upper 335 654 1.24 3.2 2.40 2.4 4.44 0.86%

1992 Lower 659 1,062 1.46

Total 994 1,716 1.48 11.2 1.52 0.98%

 1987- Upper 506 820 0.99 3.7 1.68 2.6 3.02 0.77%

1995 Lower 1,022 1,527 1.43

Total 1,528 2,346 1.42 n/a n/a n/a

*Partial water year for BTLUE and BTLUW
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SUB-BASIN FERTILIZER-NITROGEN RATES, NITROGEN NEEDED BY CROPS, AND NO3-N LOADS

                 Year
88 89 90 91 92 93 94 95 88-95

 BTLUE  
corn acres 121 177 209 177 171 148 202 122 1,327
lbs N/acre 173 179 173 168 172 160 174 155 170
lbs N applied 21,014 31,624 36,133 29,746 29,467 23,626 35,129 18,981 225,720
yield bu/acre 88 167 165 177 157 96 155 144 148
lbs N needed 13,041 35,995 42,044 38,234 32,815 17,294 38,177 21,514 239,113
% of N needed applied 161% 88% 86% 78% 90% 137% 92% 88% 94%

annual nitrate-N load 3,714 111 3,797 12,606 10,874 12,229 2,583 4,315 50,229
load as % of N applied 17.7% 0.4% 10.5% 42.4% 36.9% 51.8% 7.4% 22.7% 22.3%

nitrogen deficit 4,259 -4,482 -9,708 -21,094 -14,222 -5,897 -5,632 -6,847 -63,622

BTLUW
corn acres 30 107 107 101 106 83 86 73 693
lbs N/acre 173 179 173 168 172 160 174 155 170
lbs N applied 5,176 19,191 18,547 16,950 18,280 13,237 14,940 11,284 117,604
yield bu/acre 88 167 165 177 157 96 155 144 151
lbs N needed 3,212 21,843 21,581 21,786 20,357 9,689 16,236 12,790 127,495
% of N needed applied 161% 88% 86% 78% 90% 137% 92% 88% 92%

annual nitrate-N load 162 103 395 5,959 4,833 7,957 462 1,425 21,296
load as % of N applied 3.1% 0.5% 2.1% 35.2% 26.4% 60.1% 3.1% 12.6% 18.1%

nitrogen deficit 1,802 -2,755 -3,429 -10,796 -6,910 -4,410 -1,758 -2,931 -31,187

BTLD
acres perm. pasture 18 18 18 18 18 18 18 18 144
lbs N/acre 75 46 46 0 80 0 0 0 31
lbs N applied 1,350 828 828 0 1,440 0 0 0 4,446

annual nitrate-N load 204 0 50 1,565 1,447 1,316 334 n/a 4,916
load as % of N applied 15.1% 0.0% 6.0% >>100% 100.5% >>100% >>100% n/a 111%

sub-basin 2
corn acres 129 190 237 221 191 145 143 150 1,406
lbs N/acre 169 188 166 163 184 145 185 158 170
lbs N applied 21,787 35,682 39,271 36,039 35,096 21,064 26,466 23,738 239,144

yield bu/acre 81 169 162 164 144 95 166 142 145
lbs N needed 12,740 39,133 46,756 44,238 33,509 16,837 28,973 26,028 248,212

% of N needed applied 171% 91% 84% 81% 105% 125% 91% 91% 96%

BOOGD (BTLUE + BTLUW + sub-basin 2)
corn acres 280 474 553 499 468 376 431 346 3,426
lbs N/acre 171 184 170 166 178 154 180 157 170
lbs N applied 47,978 86,497 93,951 82,735 82,843 57,927 76,535 54,003 582,468
yield bu/acre 84 168 164 173 150 96 160 143 147
lbs N needed 28,993 96,971 110,381 104,258 86,681 43,820 83,386 60,331 614,820
% of N needed applied 165% 89% 85% 79% 96% 132% 92% 90% 95%

annual nitrate-N load 4,387 317 5,103 44,336 35,646      n/a      n/a      n/a 89,789*
load as % of N applied 9.1% 0.4% 5.4% 53.6% 43.0%      n/a      n/a      n/a 21.0%*

nitrogen deficit 14,598 -10,791 -21,533 -65,859 -39,484      n/a      n/a      n/a -123,069*
* Loads for BOOGD were not computed after WY 1992; values computed are for WYs 1988-1992
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Water Year
86* 87 88 89 90 91 92

Precipitation:
   water inches 22.4 32.0 22.9 24.3 37.9 47.3 35.7

Surface-water discharge (Q):

   mean Q, cfs 0.24 0.30 0.24 0.08 0.24 1.40 1.00

   total Q, inches 1.1 3.6 2.8 0.9 2.8 16.7 13.5
      acre-feet 67.0 219 173 57.0 173 1,020 825

Nitrogen discharged with surface-water:
   flow-wtd mean concentration, mg/L

      as nitrate (NO3) 50 42 42 9.1 49 72 72

      as nitrate-N (NO3-N) 11.1 9.4 9.3 2.0 10.9 16.0 15.9
      ammonia-N 0.1 0.1 0.1 0.5 1.5 0.1 0.1
      organic-N 0.3 0.3 0.2 1.1 1.9 0.4 0.2

   nitrogen load:
      (nitrate-N + nitrite-N)
      lbs-N 2,024 5,591 4,387 317 5,103 44,336 35,646
      lbs-N/acre 2.8 7.6 6.0 0.4 6.9 60.2 48.4
      (for sub-basin area)

Atrazine discharged with surface water:
   flow-wtd mean concentration,
      atrazine, µg/L 0.50 0.17 0.26 2.31 3.07 3.32 0.33

   atrazine load;
      lbs - atrazine 0.09 0.10 0.12 0.36 1.40 9.20 0.73

* Partial water year
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Water Year
87* 88 89 90 91 92 93 94 95

Precipitation:
   water inches 26.9 22.9 24.3 37.9 47.3 35.7 46.5 30.4 29.3

Groundwater discharge (Q):

   mean Q, cfs 0.037 0.108 0.014 0.074 0.240 0.340 0.520 0.110 0.140

   total Q, inches 1.3 3.7 0.5 2.6 8.3 11.8 17.8 3.7 4.7
      acre-feet 26.5 78.0 10.5 53.7 173 245 372 76.4 97.5

Nitrogen discharged with groundwater:
   flow-wtd mean concentration, mg/L

      as nitrate (NO3) 72 79 18 117 121 74 54 56 73

      as nitrate-N (NO3-N) 16.0 17.5 3.9 26.0 26.8 16.3 12.1 12.4 16.3
      ammonia-N 0.1 0.1 1.7 0.4 0.2 0.3 0.2 0.2 **
      organic-N 0.2 0.7 7.0 1.3 1.6 0.8 0.9 0.2 **

   nitrogen load:
      (nitrate-N + nitrite-N)
      lbs-N 1,152 3,714 111 3,797 12,606 10,874 12,229 2,583 4,315
      lbs-N/acre 4.6 14.9 0.4 15.2 50.4 43.5 48.9 10.3 17.3
      (for sub-basin area)

Atrazine discharged with groundwater:
   flow-wtd mean concentration,
      atrazine, µg/L 0.34 0.57 5.32 3.36 4.36 0.47 0.37 0.17 0.17

   atrazine load;
      lbs - atrazine 0.024 0.120 0.150 0.491 2.100 0.310 0.370 0.040 0.050

* Partial water year
** In WY 1995, N-series samples were not collected from BTLUE.

������	���<���
�&��
�����
&��������
��
��������
������
����
�����+#!$



�7

	(�+-.
!�
�#�#�

�--(�*
���&�
)1-)�-'��'+1-,
��-.�	
:�1/
���
'1
�5��
/.E�
�'
3����9
�#
'1
�5��
/.E�
�'
3����9
��
'1
���7
/.E�
�'
3���!9
�-	
#��
'1
���#
/.E�
�'
3����

�(�+-.
!�
�#�#9
'2�
�--(�*
���&�
*1�	,
:�1/
3����9
3����9
3���!9
�-	
3���
8���
�79
���9
��9
�-	
�
�1(-	,�
 
 �2�
 .���'�,'
 �--(�*
 ���&�
 *1�	,
 �'
3����9
 3����9
 �-	
 3���9
 44959
 ��95�59

�-	
�9�5�
�1(-	,9
�**
1))(���	
+-
!�
�##��

�2�
.���'�,'
 �--(�*
���&�
 *1�	
 :�1/
3���!
8�,
79#�7
�1(-	,9
+-
!�
�##�

 
�G'��/�,
 +-
�--(�*
 :8
/��-
�'��0+-�
)1-&

)�-'��'+1-,
�-	
*1�	,
8���
/1��
;��+��*�
�/1-.
,+'�,
 '2�-
 �G'��/�,
 +-
 �--(�*
 :8
/��-
 -+'��'�&
-+'�1.�-
 )1-)�-'��'+1-,
 �-	
 *1�	,�
 
 �--(�*
 :8
/��-
�'��0+-�
)1-)�-'��'+1-,
8���
.�-���**�
*18��

Water Year
87* 88 89 90 91 92 93 94 95

Precipitation:
   water inches 26.9 22.9 24.3 37.9 47.3 35.7 46.5 30.4 29.3

Groundwater discharge (Q):

   mean Q, cfs 0.046 0.013 0.015 0.019 0.118 0.140 0.250 0.030 0.040

   total Q, inches 3.5 1.0 1.1 1.4 8.8 10.2 18.8 1.9 3.0
      acre-feet 33.6 9.6 10.9 13.9 85.3 98.8 182 18.7 29.1

Nitrogen discharged with groundwater:
   flow-wtd mean concentration, mg/L

      as nitrate (NO3) 64 28 16 47 116 81 72 41 81

      as nitrate-N (NO3-N) 14.2 6.2 3.5 10.4 25.7 18.0 16.1 9.1 18.0
      ammonia-N 0.1 0.3 1.7 1.8 0.1 0.2 0.2 0.4 **
      organic-N 0.5 1.1 6.0 6.5 2.8 0.6 1.1 0.3 **

   nitrogen load:
      (nitrate-N + nitrite-N)
      lbs-N 1,269 162 103 395 5,959 4,833 7,957 462 1,425
      lbs-N/acre 11.2 1.4 0.9 3.4 51.4 41.7 68.6 4.0 12.3
      (for sub-basin area)

Atrazine discharged with groundwater:
   flow-wtd mean concentration,
      atrazine, µg/L 0.35 0.26 8.72 9.82 6.90 0.61 0.27 0.14 0.12

 
   atrazine load;
      lbs - atrazine 0.032 0.007 0.260 0.370 1.600 0.160 0.140 0.007 0.010

* Partial water year
** In WY 1995, N-series samples were not collected from BTLUW.
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        Water Year
87* 88 89 90 91 92 93 94

Prec ipitation:
   water inches 26.9 22.9 24.3 37.9 47.3 35.7 46.5 30.4

Groundwater discharge (Q):

   mean Q, cfs 0.008 0.011 ** 0.002 0.050 0.048 0.053 0.013

   total Q, inches 3.7 5.1 ** 0.8 24.1 23.1 25.7 6.1
      acre-feet 5.6 7.7 ** 1.2 36.1 34.7 38.5 9.2

Nitrogen discharged with groundwater:
   flow-wtd mean concentration, mg/L

      as nitrate (NO3) 47 44 ** 66 72 69 57 60
 

      as nitrate-N (NO3-N) 10.5 9.8 ** 14.7 15.9 15.3 12.6 13.4
      ammonia-N 0.1 0.1 ** <0.1 <0.1 <0.1 0.1 0.2
      organic-N 0.6 0.8 ** 0.2 0.3 0.3 0.3 <0.1

   nitrogen load:
      (nitrate-N + nitrite-N)
      lbs-N 159 204 ** 50 1,565 1,447 1,316 334
      lbs-N/acre 8.8 11.3 ** 2.8 86.9 80.4 73.1 18.6
      (for sub-basin area)  

Atrazine discharged with groundwater:
   flow-wtd mean concentration,
      atrazine, µg/L 0.01 0.03 ** <0.01 0.04 0.01 0.09 0.13

 
   atrazine load;
      lbs - atrazine 0.0002 0.001 ** 0.000 0.004 0.001 0.010 0.003

* Partial water year
** BTLD was dry during WY 1989.
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 Water Year

86 87 88 89 90 91 92 93 94 95

  Pesticide    
     common chemical % detections % detections
     name    (total record)

BOOGD  
  Herbicides    
     atrazine 100% 94% 58% 100% 100% 98% 98% na na na 93%
     acetochlor na na na na na na na na na na na
     alachlor nd 6% 8% 11% 23% 20% nd na na na 10%
     cyanazine nd 12% nd 67% 45% 24% nd na na na 17%
     metolachlor nd nd nd 67% 23% 4% nd na na na 8%
     metribuzin nd nd nd nd nd nd nd na na na nd

BTLUE
  Herbicides
     atrazine 100% 98% 86% 100% 100% 98% 100% 97% 80% 50% 93%
     acetochlor na na na na na na na na nd 8% 6%
     alachlor nd 5% 5% 23% 33% 27% 10% 13% 4% nd 13%
     cyanazine nd 10% 5% 46% 44% 22% nd 2% nd nd 12%
     metolachlor nd nd 1% 8% 5% nd nd nd 6% nd 2%
     metribuzin nd nd nd nd nd nd nd nd nd nd nd

BTLUW
  Herbicides
     atrazine 90% 96% 71% 95% 100% 98% 100% 87% 68% 60% 91%
     acetochlor na na na na na na na na na 20% 20%
     alachlor nd 7% nd 42% 50% 45% 14% 10% 6% nd 19%
     cyanazine nd 28% nd 39% 73% 31% 9% nd nd nd 19%
     metolachlor nd nd nd 5% 17% 6% nd nd 18% nd 4%
     metribuzin nd nd nd 5% nd nd nd nd nd nd 0%

BTLD
  Herbicides
     atrazine 100% nd 29% dry nd 24% 13% 26% 100% na 25%
     acetochlor na na na dry na na na na na na na
     alachlor nd nd nd dry nd nd nd 8% nd na 1%
     cyanazine nd nd nd dry nd nd nd 8% nd na 1%
     metolachlor nd nd nd dry nd nd nd nd nd na nd
     metribuzin nd nd nd dry nd nd nd nd nd na nd

nd- not detected
na- not analyzed

The following compounds were not detected: 
  carbofuran, chlorpyrifos, diazinon, dimethoate, ethoprop, malathion, parathion, phorate,
  propachlor, thimet, and trifuralin.
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 Water Year

86 87 88 89 90 91 92 93 94 95

  Pesticide    
     common chemical maximum concentration, µg/L % detections
     name    (total record)

BOOGD  
  Herbicides    
     atrazine 0.7 1.5 4.8 4.4 19.0 9.0 0.4 na na na 93%
     acetochlor na na na na na na na na na na na
     alachlor nd 0.8 3.9 0.1 8.6 2.5 nd na na na 10%
     cyanazine nd 0.6 nd 0.3 7.2 2.6 nd na na na 17%
     metolachlor nd nd nd 0.7 3.8 0.2 nd na na na 8%
     metribuzin nd nd nd nd nd nd nd na na na nd

BTLUE
  Herbicides
     atrazine 0.8 6.3 6.9 22.0 21.0 140.0 15.0 16.7 0.4 nd 93%
     acetochlor na na na na na na na na nd 1.3 6%
     alachlor nd 3.4 5.5 0.3 41.0 140.0 14.0 2.0 0.2 nd 13%
     cyanazine nd 3.7 0.3 0.3 46.0 70.0 nd 0.1 nd nd 12%
     metolachlor nd nd 0.2 0.1 2.2 nd nd nd 0.7 nd 2%
     metribuzin nd nd nd nd nd nd nd nd nd nd nd

BTLUW
  Herbicides
     atrazine 0.9 7.0 1.0 83.0 40.0 60.0 14.0 2.7 0.2 0.5 91%
     acetochlor na na na na na na na na na 0.6 20%
     alachlor nd 2.1 nd 23.0 84.0 100.0 15.0 4.7 0.5 nd 19%
     cyanazine nd 1.4 nd 1.7 62.0 9.9 5.5 nd nd nd 19%
     metolachlor nd nd nd 0.2 2.8 0.2 nd nd 0.7 nd 4%
     metribuzin nd nd nd 13.0 nd nd nd nd nd nd 0%

BTLD
  Herbicides
     atrazine 0.2 nd 0.3 dry nd 1.8 1.3 0.8 0.1 na 25%
     acetochlor na na na dry na na na na na na na
     alachlor nd nd nd dry nd nd nd 0.1 nd na 1%
     cyanazine nd nd nd dry nd nd nd 0.1 nd na 1%
     metolachlor nd nd nd dry nd nd nd nd nd na nd
     metribuzin nd nd nd dry nd nd nd nd nd na nd

nd- not detected
na- not analyzed

The following compounds were not detected: 
  carbofuran, chlorpyrifos, diazinon, dimethoate, ethoprop, malathion, parathion, phorate,
  propachlor, thimet, and trifuralin.
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