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Illinois Department of Natural Resources
1. Introduction


The Illinois River Conservation Reserve Enhancement Program (CREP) was initiated as a joint federal/state program with the goal of improving water quality and wildlife habitat in the Illinois River basin. Based on numerous research and long-term data, the two main causes of water quality and habitat degradations in the Illinois River were known to be related to sedimentation and nutrient loads. Based on this understanding, the two main objectives of the Illinois River CREP were stated as follows:
1) Reduce the amount of silt and sediment entering the main stem of the Illinois River by 20 percent.

2) Reduce the amount of phosphorous and nitrogen loadings to the Illinois River by 10 percent.

To assess the progress of the program towards meeting the two goals, the Illinois Department of Natural Resources (IDNR) and the Illinois State Water Survey (ISWS) are developing a scientific process for evaluating the effectiveness of the program. The process includes data collection, modeling, and evaluation. Progress made so far in each of these efforts is presented in this report.
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2. Monitoring and Data Collection

The monitoring and data collection component consist of a watershed monitoring program to monitor sediment and nutrient for selected watersheds within the Illinois River basin and also to collect and analyze land use data throughout the river basin. Historically, there are a limited number of sediment and nutrient monitoring stations within the Illinois River basin, and most of the available records are of short duration. For example, figure 2-1 shows all the active and inactive sediment monitoring stations within the Illinois River basin prior to the start of monitoring for CREP. Out of the 44 stations shown in the map, only 18 stations had records longer than 5 years and only 8 stations had more than 10 years of record. Therefore the available data and monitoring network was insufficient to monitor long-term trends especially in small watersheds where changes can be observed and quantified more easily than in larger watersheds.


To fill the data gap and to generate reliable data for small watersheds, the Illinois Department of Natural Resources funded the Illinois State Water Survey to initiate a monitoring program that will collect precipitation, hydrologic, sediment, and nutrient data for selected small watersheds in the Illinois River basin that will assist in making a more accurate assessment of sediment and nutrient delivery to the Illinois River.

Sediment and Nutrient Data

Five small watersheds located within the Spoon and Sangamon River watersheds were selected for intensively monitoring sediment and nutrient within the Illinois River basin. The locations of the watersheds and the monitoring stations are shown in figures 2-2 and 2-3 and information about the monitoring stations is provided in table 2-1. Court and North Creeks are located within the Spoon River watershed, while Panther and Cox Creeks are located within the Sangamon River watershed.  The Spoon River watershed generates the highest sediment per unit area in the Illinois River basin, while the Sangamon River watershed is the largest tributary watershed to the Illinois River and delivers the largest total amount of sediment to the Illinois River. The type of data collected and the data collection methods have been presented in detail in the first progress report for the monitoring program (Demissie et al., 2001) and in the Quality Assurance Project Plan (QAPP) given in Appendix A. This report presents the data that have been collected and analyzed at each of the monitoring stations.

Table 2-1. Sediment and Nutrient Monitoring Stations Established for the Illinois River CREP

	Station ID
	Name
	Drainage area
	Watershed

	
	
	
	

	301
	Court Creek
	66.4 sq mi

(172 sq km)
	Spoon River

	302
	North Creek
	26.0 sq mi

(67.4 sq km)
	Spoon River

	303
	Haw Creek
	55.2 sq mi

(143 sq km)
	Spoon River

	201
	Panther Creek 
	16.5 sq mi

(42.7 sq km)
	Sangamon River

	202
	Cox Creek
	12.0 sq mi

(31.1 sq km)
	Sangamon River


[image: image1.emf]!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

114114

124124

231231

240240

238238

239239

126126

248248

254254

247247

252252

246246

259259

230230

235235

236236

237237

444444244244

234234

233233

232232

118118

260260

110110

130130

131131

107107

116116

115115

108108

122122

229229

241241

249249

242242

245245

125125

227227

123123

261261

253253

117117

109109

ILLINOISILLINOIS

SANGAMONSANGAMON

FOXFOX

SPOONSPOON

LA MOINELA MOINE

IROQUOISIROQUOIS

VERMILIONVERMILION

MACKINAWMACKINAW

DES PLAINESDES PLAINES

MACOUPINMACOUPIN

KANKAKEEKANKAKEE

CALUMETCALUMET

ILLINOIS

!

Sediment monitoring stations

0102030405

Miles

±

1 inch equals 28.3 miles


Figure 2-1. Locations of available in-stream sediment data

within the Illinois River watershed, 1981-2000
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Figure 2-2. Location of monitoring stations in Court and Haw Creek watersheds
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Figure 2-3. Location of monitoring stations in Panther and Cox Creek watersheds
Sediment Data


The daily streamflow and suspended sediment concentrations observed at all the five monitoring stations from Water Year 2000 to Water Year 2012 are given in Appendix B and C. Examples of the frequency of data collection are shown in figures 2-4 and 2-5 for the Court Creek Station.  A summary of statistics for all stations showing the mean, medium, minimum maximum, 25th percentile, and 75th percentile are given in table 2-2. Over 25,259 samples have been collected and analyzed at the five monitoring stations since the monitoring program was initiated. As can be seen in the figures, suspended sediment concentrations are highly variable throughout a year and also from year to year depending on the climatic conditions. It is also evident that sediment concentrations are the highest during storm events resulting in the transport of most of the sediment during storm events. Therefore, it is extremely important that samples are collected frequently during storm events to accurately measure sediment loads at monitoring stations.
Nutrient Data


All the nutrient data collected and analyzed from Water Year 2000 through Water Year 2012 at the five monitoring stations are given in Appendices D and E. The nutrient data are organized into two groups: nitrogen species and phosphorous species. The nitrogen species include nitrate-nitrogen (NO3-N), nitrite-nitrogen (NO2-N), ammonium-nitrogen (NH4-N), and total Kjedahl nitrogen (TKN). The phosphorous species include total phosphorous (TP), total dissolved phosphorous (TDP), and orthophosphate (P-ortho). Over 4,653 samples have been collected and analyzed for nitrate (NO3-N), ammonium (NH4-N) and orthophosphate (P-ortho). In addition, more than 2,480 samples have been analyzed for nitrate (NO2-N), total Kjeldahl nitrogen (TKN), total phosphorous (TP), and total dissolved phosphorous (TDP). Examples of the type of data collected for the nitrogen species are shown in figure 2-5, while those for the phosphorous species are shown in figure 2-6. A summary statistics for all stations showing the mean, median, minimum, maximum, 25th percentile, and 75th percentile are given in table 2-2.

Data for the nitrogen species at all five monitoring stations show that the dominant form of nitrogen transported by the streams is nitrate-N. During storm events, the concentration of TKN rises significantly, sometimes exceeding the nitrate-N concentration. TKN is highly correlated to suspended sediment concentrations.


One significant observation that can be made from the data is the consistently higher concentrations of nitrate-N at Panther Creek and Cox Creek (tributaries to the Sangamon River) than at Court Creek, North Creek, and Haw Creek (tributaries of the Spoon River).


Data for the phosphorous species at all five monitoring stations show that most of the phosphorous load is transported during storm events. Concentrations of total phosphorous are the highest during storm events and relatively low most of the time. This is very similar to that shown by sediment and thus implies high correlations between sediment and phosphorous concentrations and loads. In terms of phosphorous concentrations, it does not appear there is any significant difference between the different monitoring stations from the Spoon and Sangamon River watersheds.
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Figure 2-4. Suspended sediment concentrations and water discharge at Court Creek (301)

for Water Years 2000 and 2001
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Figure 2-5. Concentrations of nitrogen species and water discharge at Court Creek (301) 

for Water Years 2002 and 2003

	Table 2-2. Summary Statistics for Water Years 2000–2012.  All concentrations in mg/L

	
	
	
	
	
	
	
	
	

	 
	NO3-N
	oPO4-P
	NH4-N
	NO2-N
	TKN
	t-P
	t-P-Dissolved
	SSC

	
	
	
	
	
	
	
	
	

	Panther Creek (Station 201)
	
	
	
	
	
	

	Count
	843
	843
	843
	408
	408
	408
	408
	5104

	Mean
	3.94
	0.12
	0.10
	0.03
	2.41
	1.04
	0.17
	879.3

	Median
	3.35
	0.08
	0.06
	0.02
	1.00
	0.33
	0.12
	123.8

	Min
	< 0.04
	< 0.01
	< 0.03
	< 0.01
	< 0.12
	< 0.03
	< 0.03
	1.47

	Max
	14.76
	1.31
	5.99
	0.19
	23.99
	11.21
	1.38
	48289.0

	25th Percentile
	0.23
	0.05
	0.05
	0.01
	0.45
	0.12
	0.07
	51.7

	75th Percentile
	6.60
	0.14
	0.08
	0.04
	3.18
	1.36
	0.20
	432.8

	
	
	
	
	
	
	
	
	

	Cox Creek (Station 202)
	
	
	
	
	
	

	Count
	877
	877
	877
	422
	422
	422
	422
	4371

	Mean
	5.58
	0.21
	0.74
	0.05
	3.71
	1.15
	0.31
	692.4

	Median
	5.24
	0.10
	0.07
	0.04
	1.45
	0.44
	0.18
	142.9

	Min
	< 0.04
	 < 0.01
	< 0.03
	< 0.01
	< 0.14
	< 0.04
	< 0.03
	0.95

	Max
	19.83
	7.81
	300.33
	1.26
	390.37
	29.10
	8.21
	22066.5

	25th Percentile
	0.88
	< 0.06
	< 0.06
	0.02
	0.57
	0.16
	0.09
	66.5

	75th Percentile
	9.08
	0.22
	0.20
	0.06
	3.50
	1.32
	0.37
	396.0

	
	
	
	
	
	
	
	
	

	Court Creek (Station 301)
	
	
	
	
	
	

	Count
	993
	993
	993
	561
	560
	560
	560
	4590

	Mean
	3.06
	0.07
	0.14
	0.04
	2.50
	0.85
	0.11
	666.3

	Median
	2.93
	0.05
	0.07
	0.03
	1.33
	0.35
	0.09
	116.3

	Min
	< 0.04
	< 0.003
	< 0.03
	< 0.01
	0.23
	0.03
	< 0.03
	1.93

	Max
	11.37
	0.69
	0.90
	0.13
	18.69
	6.58
	0.71
	13632.0

	25th Percentile
	0.94
	0.03
	< 0.06
	< 0.02
	0.64
	0.11
	0.05
	47.5

	75th Percentile
	4.84
	0.08
	0.17
	0.05
	3.36
	1.17
	0.13
	558.5

	
	
	
	
	
	
	
	
	

	North Creek (Station 302)
	
	
	
	
	
	

	Count
	983
	983
	983
	551
	551
	551
	551
	5666

	Mean
	3.12
	0.07
	0.14
	0.04
	2.30
	0.79
	0.12
	487.5

	Median
	2.96
	0.04
	0.07
	0.03
	1.11
	0.30
	0.09
	91.3

	Min
	< 0.04
	< 0.003
	< 0.03
	< 0.01
	0.23
	< 0.04
	< 0.03
	0.36

	Max
	12.66
	1.05
	1.55
	0.19
	17.95
	6.69
	1.07
	15137.1

	25th Percentile
	0.72
	0.02
	< 0.06
	0.02
	0.60
	0.11
	0.05
	36.9

	75th Percentile
	4.95
	0.09
	0.15
	0.05
	2.53
	0.90
	0.14
	269.3

	
	
	
	
	
	
	
	
	

	Haw Creek (Station 303)
	
	
	
	
	
	

	Count
	957
	957
	957
	538
	538
	538
	538
	5528

	Mean
	4.54
	0.08
	0.13
	0.05
	2.40
	0.81
	0.12
	572.6

	Median
	4.56
	0.06
	0.07
	0.04
	1.42
	0.41
	0.09
	160.6

	Min
	< 0.04
	0.004
	< 0.03
	< 0.01
	0.23
	0.04
	< 0.03
	2.17

	Max
	12.59
	0.71
	1.07
	0.21
	16.75
	5.92
	0.95
	9878.8

	25th Percentile
	1.99
	0.03
	< 0.06
	0.02
	0.64
	0.14
	0.06
	53.1

	75th Percentile
	6.77
	0.09
	0.14
	0.06
	3.10
	1.10
	0.13
	610.0
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Figure 2-6. Concentrations of phosphorous species and water discharge at Court Creek (301) 
for Water Years 2002 and 2003
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Figure 2-7. Annual runoff at the five CREP monitoring stations

Sediment and Nutrient Loads


The sediment and nutrient concentrations and water discharges are used to compute the amount of sediment and nutrient transported past monitoring stations. Based on the available flow and concentration data, daily loads are computed for sediment and the different species of nitrogen and phosphorous. The daily loads are then compiled to compute monthly and annual loads. Results of those calculations are summarized in tables 2-3 to 2-7 for each of the five monitoring stations. Each table presents the annual water discharge, sediment load, nitrate-N load, and the total phosphorous load for one of the stations. Similar calculations have been made for the other species of nitrogen and phosphorous, but are not included in the summary tables. The annual sediment loads are highly correlated to the water discharge, and thus the wetter years, 2001, 2002, 2005, 2007, 2008, 2009, 2010 and 2011 generated more sediment at all stations as compared to drier years, 2000, 2003, 2004, 2006, and 2012. The annual sediment loads ranged from a low of 149 tons in WY2012 at Cox Creek to a high of 174,742 tons in 2009 at Court Creek. The nitrate-N loads ranged from a low of 1.8 tons in 2012 at Cox Creek to a high of 585 tons in WY2010 at Haw Creek. The total phosphorous loads ranged from a low of 0.2 tons in 2012 at Cox Creek to a high of 117.6 tons in 2010 at Court Creek. For comparison purposes, the runoff, sediment, nitrate-N, nitrite-N, ammonium-N, Kjeldahl-N, total phosphorous, total dissolved phosphorous, and total ortho-phosphate phosphorous loads (for the five monitoring stations) are shown in figures 2-8 to 2-15. In terms of the total annual loads, the larger watersheds, Court and Haw, consistently carry higher sediment and nutrient loads than Panther and Cox Creeks. However, per unit area Panther and Cox generate more sediment than Court, North, and Haw Creeks. 

Table 2-3. Summary of Annual Water Discharges, Sediment and Nutrient Loads
at Court Creek Monitoring Station (301)

	
	
	Load

	
	Water discharge
	Sediment
	Nitrate-N
	Total phosphorus

	Water Year
	(cfs)
	(tons)
	(tons)
	(tons)

	
	
	
	
	

	2000
	11880
	26527
	131.2
	35.0

	2001
	22100
	43633
	274.8
	39.2

	2002
	17320
	62898
	203.7
	47.9

	2003
	6805
	21749
	59.9
	18.3

	2004
	7459
	7359
	76.0
	7.5

	2005
	14400
	18831
	207.5
	20.4

	2006
	5650
	7897
	84.3
	6.5

	2007
	19376
	48974
	240.8
	46.8

	2008
	22442
	41077
	265.4
	45.6

	2009
	41207
	174742
	429.6
	116.9

	2010
	44836
	146202
	425.9
	117.6

	2011
	23311
	55337
	270.9
	43.3

	2012
	6129
	4145
	36.7
	4.8


Table 2-4. Summary of Annual Water Discharges, Sediment and Nutrient Loads

at North Creek Monitoring Station (302)

	
	
	Load

	
	Water discharge
	Sediment
	Nitrate-N
	Total phosphorus

	Water Year
	(cfs)
	(tons)
	(tons)
	(tons)

	
	
	
	
	

	2000
	4009
	6969
	42.8
	10.4

	2001
	8091
	16747
	102.9
	12.7

	2002
	7372
	29269
	97.8
	24.2

	2003
	3039
	11422
	32.9
	9.1

	2004
	3224
	2038
	37.7
	2.4

	2005
	5266
	6061
	76.3
	7.7

	2006
	2151
	4179
	36.2
	3.4

	2007
	7524
	16702
	99.3
	14.3

	2008
	9416
	19762
	119.0
	21.0

	2009
	16544
	62806
	167.9
	45.2

	2010
	18577
	66501
	167.4
	52.7

	2011
	9491
	25979
	105.4
	25.2

	2012
	2506
	2207
	14.9
	2.


Table 2-5. Summary of Annual Water Discharges, Sediment and Nutrient Loads

at Haw Creek Monitoring Station (303)

	
	
	Load

	
	Water discharge
	Sediment
	Nitrate-N
	Total phosphorus

	Water Year
	(cfs)
	(tons)
	(tons)
	(tons)

	
	
	
	
	

	2000
	11433
	21283
	162.2
	32.0

	2001
	19878
	49580
	322.0
	58.0

	2002
	15603
	44221
	256.5
	42.8

	2003
	4337
	5908
	41.7
	8.3

	2004
	8676
	10914
	143.4
	12.6

	2005
	14661
	18047
	281.4
	18.5

	2006
	5341
	5770
	113.7
	6.0

	2007
	15032
	20127
	262.5
	23.9

	2008
	14054
	16396
	227.0
	25.5

	2009
	34003
	104081
	506.4
	85.9

	2010
	40230
	92974
	585.2
	85.4

	2011
	20788
	37379
	372.5
	34.3

	2012
	5326
	2185
	55.1
	3.3


Table 2-6. Summary of Annual Water Discharges, Sediment and Nutrient Loads

at Panther Creek Monitoring Station (201)

	
	
	Load

	
	Water discharge
	Sediment
	Nitrate-N
	Total phosphorus

	Water Year
	(cfs)
	(tons)
	(tons)
	(tons)

	
	
	
	
	

	2000
	1236
	4342
	13.8
	4.4

	2001
	3550
	9839
	84.9
	5.1

	2002
	5440
	34596
	101.8
	16.4

	2003
	1578
	2955
	26.4
	1.8

	2004
	2787
	7820
	52.5
	5.8

	2005
	5743
	13793
	112.2
	10.2

	2006
	1053
	2694
	22.5
	2.5

	2007
	3809
	13410
	75.4
	10.6

	2008
	9437
	83924
	123.1
	46.7

	2009
	7833
	30921
	117.7
	13.9

	2010
	13539
	56979
	124.8
	25.7

	2011
	6033
	16786
	72.8
	9.9

	2012
	437
	105
	2.5
	0.2


Table 2-7. Summary of Annual Water Discharges, Sediment and Nutrient Loads

at Cox Creek Monitoring Station (202)

	
	
	Load

	Water Year
	Water discharge
	Sediment
	Nitrate-N
	Total phosphorus

	
	(cfs)
	(tons)
	(tons)
	(tons)

	
	
	
	
	

	2000
	894
	4153
	10.3
	5.7

	2001
	2833
	9626
	77.9
	5.5

	2002
	4242
	23207
	100.6
	16.1

	2003
	1226
	1827
	29.6
	1.7

	2004
	1844
	4597
	45.3
	3.7

	2005
	3976
	8132
	109.0
	8.8

	2006
	806
	3662
	19.3
	1.6

	2007
	3181
	10105
	81.5
	7.2

	2008
	8097
	73678
	154.7
	31.4

	2009
	5459
	16331
	135.9
	8.6

	2010
	10040
	27283
	155.9
	17.5

	2011
	4607
	14021
	91.5
	9.6

	2012
	246
	149
	1.8
	0.2
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Figure 2-8. Annual suspended sediment loads at the five CREP monitoring stations
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Figure 2-9. Annual nitrate-N loads at the five CREP monitoring stations
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Figure 2-10. Annual ammonium-N loads at the five CREP monitoring stations
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Figure 2-11. Annual Kjeldahl nitrogen loads at the five CREP monitoring stations
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Figure 2-12. Annual phosphorus loads at the five CREP monitoring stations
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Figure 2-13. Annual dissolved phosphorus loads at the five CREP monitoring stations
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Figure 2-14. Annual ortho-phosphate phosphorous loads at the five CREP monitoring stations
Sediment and Nutrient Yields

To compare the different watersheds in terms of the amount of sediment and nutrient generated per unit area from each of the watersheds, the annual sediment and nutrient yields were computed by dividing the total annual load with the drainage area in acres for each of the monitoring stations.  The results are provided in table 2-8 for sediment yield, table 2-9 for nitrate-N yield, and table 2-10 for total phosphorous. Sediment yields range from a low of 0.12 tons/acre for station 302 in WY2004 to a high of 9.57 tons/acre for station 202 in WY2008. Because of the high level of variability from year to year the average sediment yield for the nine years of data collection are compared in figure 2-15. The stations are arranged in order of their drainage area, with the station with the smallest drainage area (202) on the left and the station with the largest area (301) on the right. As can be seen in the figure, on the average the stations with the smaller drainage areas (202 and 201) yield higher sediment (about 2.0 ton/acre) than the stations with the larger areas (302, 303, 301) that yield less than 1.15 tons/acre.


Nitrate-N yields vary from a low of 0.5 lbs/acre for station 201 in WY2012 to a high of 40.5 lbs/acre for station 202 in WY2010. For comparison purposes the average annual nitrate-N yield for the five stations is shown in figure 2-17. In general the stations with smaller drainage areas generate more nitrate per unit area than those with larger drainage areas, except for station 303 that is generating similar amounts as station 201 that has a smaller area. 

Total phosphorous yields vary from a low of 0.03 lbs/acre for station 201 in WY2012 to a high of 8.81 lbs/acre for station 201 in WY2008. For comparison purposes, the average annual total phosphorous yield for the five stations is shown in figure 2-18. Similar to the nitrate-N yield, the stations with the smaller drainage areas generate more total phosphorous per unit area than those with larger drainage areas.
Table 2-8.  Sediment Yield in tons/acre for the CREP Monitoring Stations
	CREP sediment yield (tons/ac)

	Water Year
	201
	202
	301
	302
	303

	
	
	
	
	
	

	2000
	0.41
	0.54
	0.62
	0.42
	0.60

	2001
	0.93
	1.25
	1.03
	1.01
	1.40

	2002
	3.26
	3.01
	1.48
	1.76
	1.25

	2003
	0.28
	0.24
	0.51
	0.69
	0.17

	2004
	0.74
	0.60
	0.17
	0.12
	0.31

	2005
	1.30
	1.06
	0.44
	0.37
	0.51

	2006
	0.25
	0.48
	0.19
	0.25
	0.16

	2007
	1.27
	1.31
	1.15
	1.01
	0.57

	2008
	7.92
	9.57
	0.97
	1.19
	0.46

	2009
	2.92
	2.12
	4.11
	3.78
	2.95

	2010
	5.38
	3.54
	3.44
	4.01
	2.63

	2011
	1.58
	1.82
	1.3
	1.57
	1.06

	2012
	0.01
	0.02
	0.10
	0.13
	0.06

	Avg.
	2.02
	1.97
	1.19
	1.25
	0.93


Table 2-9. Nitrate-N Yield in lbs/acre for the CREP Monitoring Stations

	CREP nitrate-nitrogen yield (lbs/ac)

	Water Year
	201
	202
	301
	302
	303

	
	
	
	
	
	

	2000
	2.6
	2.7
	6.2
	5.2
	9.2

	2001
	16.0
	20.2
	12.9
	12.4
	18.2

	2002
	19.2
	26.1
	9.6
	11.8
	14.5

	2003
	5.0
	7.7
	2.8
	4.0
	2.4

	2004
	9.9
	11.8
	3.6
	4.5
	8.1

	2005
	21.2
	28.3
	9.8
	9.2
	15.9

	2006
	4.2
	5.0
	4.0
	4.4
	6.4

	2007
	14.2
	21.2
	11.3
	12.0
	14.9

	2008
	23.2
	40.2
	12.5
	14.3
	12.9

	2009
	22.2
	35.3
	20.2
	20.2
	28.7

	2010
	23.6
	40.5
	20.0
	20.2
	33.2

	2011
	13.7
	23.8
	12.8
	12.7
	21.1

	2012
	0.5
	0.5
	1.7
	1.8
	3.1

	Avg.
	13.5
	20.3
	9.8
	10.2
	14.5


Table 2-10. Total Phosphorus Yield in lbs/acre for the CREP Monitoring Stations
	CREP total phosphorus yield (lbs/ac)

	Water Year
	201
	202
	301
	302
	303

	
	
	
	
	
	

	2000
	0.83
	1.48
	1.65
	1.25
	1.81

	2001
	0.95
	1.44
	1.84
	1.53
	3.28

	2002
	3.09
	4.17
	2.25
	2.92
	2.43

	2003
	0.34
	0.45
	0.86
	1.10
	0.47

	2004
	1.09
	0.97
	0.35
	0.29
	0.72

	2005
	1.93
	2.28
	0.96
	0.92
	1.05

	2006
	0.47
	0.42
	0.31
	0.41
	0.34

	2007
	2.00
	1.86
	2.20
	1.72
	1.35

	2008
	8.81
	8.16
	2.15
	2.53
	1.44

	2009
	2.62
	2.23
	5.50
	5.45
	4.87

	2010
	4.86
	4.53
	5.54
	6.35
	4.84

	2011
	1.86
	2.50
	2.04
	3.03
	1.94

	2012
	0.03
	0.06
	0.23
	0.24
	0.19

	Avg.
	2.2 
	2.4
	2.0
	2.1
	1.9
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Figure 2-15. Average annual sediment yield in tons/acre for the CREP monitoring stations
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Figure 2-16. Average annual nitrate-N yield in lbs/acre for the CREP monitoring stations
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Figure 2-17. Average annual total phosphorous yield in lbs/acre for the CREP monitoring stations

Additional CREP Data Collection Efforts

In addition to the CREP monitoring in the Court/Haw and Panther/Cox watersheds, that was initiated in 1999, several additional monitoring efforts have been initiated by the ISWS through the CREP project in order to provide additional information on the role BMPs in reducing sediment and nutrient yields and to better define the context of existing CREP data on a larger watershed scale.

During September of 2006 in response to significant CREP enrollments and an intensive restoration effort by the Natural Resources Conservation Service (NRCS), two additional monitoring stations (table 2-11) were installed in the Cedar Creek watershed, located in the Spoon River basin (figure 2-18). Station 306 is located on the right descending bank of the mainstem of Cedar Creek where it intersects CR 000 E in Fulton County (border with Warren Co). The second gage, station 305, is located near the left descending bank of Swan Creek, a major tributary of Cedar, where it flows beneath CR 000 E Fulton County, approximately 2.1 miles south of the Cedar Creek (306) gage. 
Table 2-11. Additional CREP Monitoring Stations in the Spoon River Watershed

	Station ID
	Name
	Drainage area
	Location
	Watershed

	
	
	
	
	

	305
	Swan Creek
	98.1 sq mi

(254 sq km)
	N 40.67700

W 090.44391
	Spoon River

	
	
	
	
	

	306
	Cedar Creek
	 146.2 sq mi

(379 sq km)
	N 40.70847

W 090.44540
	Spoon River

	
	
	
	
	

	RG39
	Rain Gage 39
	NA
	N40.79145

W090.49999
	Spoon River
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Figure 2-18. Locations of monitoring stations in the Cedar and Swan watersheds
Both watersheds are located in the Galesburg Plain physiographic region. The topography is flat to gently rolling and the soils are primarily loess. Stream channels and associated floodplains are heavily dissected with stream channels commonly being incised into the floodplain. Both watersheds are mostly rural with agriculture the predominant land use. Pasture and woodlands are also common due to the topography introduced by the dissected stream channels.
Both gages became operational near the end of WY2006 (9/15/2006) and are instrumented and operated as are all CREP gages, in accordance to the CREP QAPP (Appendix A). Both stations utilize a pressure transducer to determine stage, log data on a 15 minute time step and are equipped with an ISCO automated pump sampler slaved to the stage sensor in order to augment manual discrete sampling efforts. Thirty-eight and thirty-three discharge measurements have been collected at stations 305 and 306 respectively in an effort to establish a reliable rating in as short a time as possible. Based on provisional data, summary statistics for suspended sediment concentration data is provided in table 2-12.
In addition to the two streamgages the ISWS has installed a recording raingage immediately east of CR1500E and approximately 0.5 mi north of CR1100N in Warren Co. The raingage is a modified Belfort equipped with a linear potentiometer, in order to provide a digital output, and can be operated throughout the year. Raingage deployment and maintenance as well as the download and reduction of precipitation data can be found in the CREP QAPP (Appendix A).

ISWS field staff began suspended sediment sampling at two U.S. Geological Survey (USGS) gages located on the mainstem of the Spoon River on 3/29/2004. Samples are collected weekly at both sites with additional samples collected during runoff events. Sampling at London Mills (05569500) is done from the Route 116 bridge where the USGS gaging station is located. Sediment sampling at Seville (05570000) is done approximately 1 mile downstream of the current USGS gage location on State Route 95. Current USGS sediment data are also collected at this location. As of 9/30/12, 568 samples have been collected at London Mills while 521 samples have been collected at Seville. Summary statistics for suspended sediment concentration data collected through WY2012 are presented for each station in Table 2-13.
Table 2-12. Suspended Sediment Concentration Data (mg/L) 
for Swan and Cedar Creeks

	
	
	Swan (305)
	Cedar (306)

	
	
	
	

	Count (number)
	
	3515
	3623

	Mean
	
	380.1
	471.3

	Max
	
	7872.6
	8101.8

	Min
	
	1.99
	1.59

	Median
	
	137.1
	132.6

	25th Percentile
	
	49.3
	51.0

	75th Percentile
	
	416.3
	462.7


Table 2-13. Suspended Sediment Concentration Data (mg/L) for London Mills and Seville

	
	
	London Mills (05569500)
	Seville (05570000)

	
	
	
	

	Count (samples)
	
	568
	521

	Mean
	
	296.1
	293.1

	Max
	
	4952.7
	4730.7

	Min
	
	1.91
	3.93

	Median
	
	116.0
	122.2

	25th Percentile
	
	49.9
	58.8

	75th Percentile
	
	285.7
	266.7


3. Land Use Practices

Land Cover
The Illinois River Basin is nearly 16 million acres with a diverse range of land covers.  The extent of these land covers is illustrated in figure 3-1 using the Land Cover of Illinois 1999-2000 inventory (Luman and Weicherding, 1999). This database is a product of a cooperative, interagency initiative between the U. S. Department of Agriculture National Agricultural Statistics Service (NASS), Illinois Department of Agriculture (IDA), and Illinois Department of Natural Resources (IDNR) to produce statewide land cover.  The database contains 23 land cover that are grouped into 5 categories:  agricultural land, forested land, urban land, wetland, and other.  The agricultural land category lists corn, soybeans, winter wheat, other small grains and hay, winter wheat/soybeans, other agricultural land, and rural grassland due to the times of year the satellite imagery was taken.

The Illinois River Basin is dominated by agricultural land, comprising of 77% of the basin (figure 3-2).  Corn and soybean acreage accounts for most of the agricultural land cover.  Urban and forested land are the next highest with 10% and 9%, respectively.  This is attributed to the areas of Chicago and surrounding urban communities, as well as the City of Peoria.  Wetlands, surface water, and other combine to 4% of the remaining acreage in the Illinois River Basin.  The Spoon and Sangamon River watershed area is 30% of the Illinois River Basin and the Spoon River watershed is a third of the size of the Sangamon River watershed.  As can be seen in figures 3-3 and 3-4, the Spoon and Sangamon River watersheds show similar trends in land cover as the Illinois River Basin.  Agricultural land cover, especially corn and soybeans, accounts for over 80% of the land area in each watershed.  The largest difference between the Spoon and Sangamon watersheds is the Spoon has 10% more forested land cover than the Sangamon.  Otherwise, they are similar in all other categories.

Land Use Practices

Outside of natural factors such as the physical settings and climate variability, land use practices are the main driving factors that affect watershed’s hydrology, erosion, sedimentation, and water quality. It is therefore important to document and analyze changes in land use practices in a given watershed to properly understand and explain changes in its hydrology, water quality, and the erosion and sedimentation process. The Illinois River basin has undergone significant changes in land use practices during the last century. These changes have been used to explain degradation in water quality and aquatic habitat along the Illinois River. In recent years, there have been significant efforts at the local, state, and federal level to improve land use practices by implementing conservation practices throughout the watershed. The Illinois River CREP is a course of major state and federal initiatives to significantly increase conservation and restoration practices in the Illinois River basin.


Historical agricultural land use practices and the recent conservation efforts including CREP are briefly discussed in the following paragraphs.
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Figure 3-1. Land cover of the Illinois River Basin (Luman and Weicherding, 1999)
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Figure 3-2.  Land cover acreages in the Illinois River basin

[image: image21.emf]C

o

r

n

S

o

y

b

e

a

n

s

W

i

n

t

e

r

 

W

h

e

a

t

O

t

h

e

r

 

G

r

a

i

n

s

W

i

n

t

e

r

 

W

h

e

a

t

/

S

o

y

b

e

a

n

s

O

t

h

e

r

 

A

g

R

u

r

a

l

 

G

r

a

s

s

l

a

n

d

U

p

l

a

n

d

 

F

o

r

e

s

t

P

a

r

i

t

i

a

l

 

C

a

n

o

p

y

/

 

S

a

v

a

n

n

a

h

C

o

n

i

f

e

r

o

u

s

 

F

o

r

e

s

t

H

i

g

h

 

D

e

n

s

i

t

y

 

U

r

b

a

n

L

o

w

/

M

e

d

 

D

e

n

s

i

t

y

 

U

r

b

a

n

U

r

b

a

n

 

O

p

e

n

 

S

p

a

c

e

S

h

a

l

l

o

w

 

M

a

r

s

h

D

e

e

p

 

M

a

r

s

h

S

e

a

s

o

n

a

l

l

y

/

T

e

m

p

 

F

l

o

o

d

e

d

F

l

o

o

p

l

a

i

n

 

F

o

r

e

s

t

S

w

a

m

p

S

h

a

l

l

o

w

 

W

a

t

e

r

S

u

r

f

a

c

e

 

W

a

t

e

r

B

a

r

r

e

n

/

E

x

p

o

s

e

d

0

10,000

20,000

30,000

40,000

300,000

400,000

500,000

600,000

L

a

n

d

 

C

o

v

e

r

,

 

a

c

r

e

s


Figure 3-3. Land cover acreages in the Spoon River watershed
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Figure 3-4. Land cover acreages in the Sangamon River watershed

Historical Agricultural Land Use Trends in Illinois


To provide a historical perspective to changes in land use practices in the Illinois River basin, we have compiled and analyzed historical land use data from different sources for the whole state. The earliest land use data is based on the Illinois Agricultural Statistics (IAS) records. The IAS data shows that in 1866 approximately 23 percent of the state’s land area was in agricultural crop production (figure 3-5).  In 2006, agricultural production has increased to 65 percent of the state’s land. From 1866 through to the 1920s, crop production increased from 8 to 18 million acres mostly due to a three-fold increase in small grain (wheat, oats, and hay) acreage.  In the 1920s small grain acreage began to decline in favor of soybeans.  Essentially, from this period to present, a steady reversal in acreage has occurred between small grains and soybeans such that current soybean acreage is the same as was small grains were in the 1920s.  From 1866 to 2006, total Illinois land area in crop production increased by more nearly tripled from 8 to 23 million acres.  The dominant crops in 1866 were corn and small grains, whereas corn and soybeans (row crops) acreage was 93 percent of the total crop acreage in 2006.  During the period of record (1866-2006), corn acreage has remained fairly steady at 9.3 million acres.  Corn was harvested on 4.9 million acres in 1866 but increased to the long-term average acreage by 1881.  Acreage peaked in 2005 at 12.1 million acres and was 11.3 million acres in 2006. From 1925 to 2006 crop acreage increased by 23 percent.

In 1925, IAS began delineating agricultural crop production data by county, rather than as a state total, which allows for the estimation of crop acreage by basins.  The Illinois River Basin (IRB) is nearly half of the Illinois land area, and occupies over 18 million acres when the watershed area in the states of Indiana and Wisconsin are included.  Figure 3-6 shows similar trends in crop production as was seen for the State of Illinois.  In 1925, 51 percent (9.4 million acres) of the IRB land area was in crop production while in 2006, 56 percent (10.3 million acres) 
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Figure 3-5.  Acreage of agricultural land uses in State of Illinois (1866-2006)
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Figure 3-6. Acreage of agricultural land uses in Illinois River basin (1925-2006)

was in crop production.  The same reversal of small grain and soybean acreage is also seen.  Corn acreage is fairly steady for the period of record, averaging 4.8 million acres, increasing from 4.4 to 6.0 million acres from 1925 to 1976, and slightly decreasing to 5.5 million acres in 2006.  Total IRB watershed area in crop production increased by 9 percent from 1925 to 2006 which is smaller than the 23 percent increase for the whole State of Illinois during the same period.


The Spoon River watershed is one of ten major tributaries to the Illinois River with a drainage area of 1.2 million acres (6.5 percent of the IRB drainage area).  From 1925 to  , watershed area in crop production increased from 54 to 66 percent.  Figure 3-7 shows that the trends in corn, small grains, and soybeans are also similar.  Corn and small grain acreage was 0.64 million acres in 1925 and in 2006 corn and soybeans were 0.75 million acres.  Corn acreage increased by 0.19 million acres from 1925 to 1976 and then decreased by 0.09 million acres through 2006.  The total Spoon River watershed area in crop production increased by 22 percent during 1925-2006 period and is only slightly below that of the increase in the State of Illinois and higher than the 9 percent increase for the IRB.


The Sangamon River watershed has a drainage area of 3.4 million acres (18.5 percent of the IRB drainage area).  From 1925 to 2006, watershed area in crop production increased from 67 to 78 percent.  Figure 3-8 shows that the trends in corn, small grains, and soybeans are also similar to the IRB.  Corn and small grain acreage was 2.2 million acres in 1925 and in 2006 corn and soybeans were 2.6 million acres.  Corn acreage increased by 0.37 million acres from 1925 to 2006.  The total Sangamon River watershed area in crop production increased by 17 percent during 1925-2006 period and is below that of the increase in the State of Illinois and higher than the 9 percent increase for the IRB.
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Figure 3-7.  Acreage of agricultural land uses in Spoon River watershed (1925-2006) 
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Figure 3-8. Acreage of agricultural land uses in Sangamon River watershed (1925-2006)
Overall, total crop acres within the Sangamon and Spoon River watersheds steadily increased from 1925 to the early 1980s and then remained steady through 2006.  The Illinois River Basin and the entire State of Illinois show the same trend for total crop acres.
Conservation Practices

There has been a significant increase in the implementation of conservation practices in Illinois in recent years with CREP making a major contribution. IDNR has established different programs to document and track conservation practices in Illinois. The major initiative is known as the Illinois Conservation Practices Tracking System (ICPTS). The ICPTS is developing “a comprehensive database documenting the precise location, nature, and planned duration of conservation practices being implemented through Illinois CREP as well as other conservation incentive programs within the Illinois River basin,” (State of Illinois, Department of Natural Resources, 2002). The database will be very useful for assessing and evaluating the effectiveness of different programs in meeting their objectives. The land use data from the database will be used along with the sediment and nutrient data being collected under the monitoring program to evaluate how conservation practices are influencing sediment and nutrient delivery to the Illinois River. Two examples of information and data on land use are shown in figures 3-9 and 3-10
Figure 3-9 shows the location of approved Illinois CREP contracts from the USDA and state of Illinois from 1999 through 2007. With this type of information it will be possible to identify areas where there has been significant participation in the CREP program and where changes in sediment and nutrient delivery should be expected. The information will provide important input data to the watershed models that are being developed to evaluate the impact of 
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Figure 3-9. State and Federal CREP contract locations.
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Figure 3-10.  Acres of conservation practices installed in Court and Haw Creek watersheds over time
land use changes on sediment and nutrient delivery. It is also possible to extract much more detailed land use information as shown in figure 3-10 where the total acres in conservation practices are provided for small watersheds like Court and Haw Creeks on annual basis. The data shows the significant rate of increase in conservation practices in the Court and Haw Creek watersheds since 1997. This type of data will be extremely useful for assessing and evaluating the effectiveness of CREP and other conservation practices.


The Water Survey is analyzing changes in conservation practices in the Illinois River Basin since the initiation of CREP in 1998.  The conservation practices data is compiled by the IDNR and USDA-FSA.  The CREP conservation practices installed in the entire Illinois River Basin, as well as a more detailed conservation practice database for the four intensively monitored watersheds, is being analyzed to investigate relationships between sediment loadings and changes in conservation practices.   Overall, IDNR reports that as of August 2007, 125,030 acres have been awarded by USDA-FSA CREP program with over 8,000 acres pending approval.  The State of Illinois CREP program has awarded 78,288 acres with approximately 4,500 acres pending in county Soil and Water Conservation offices.  More detailed information on CREP acres is available through 2005 with analysis of 2006-2007 in progress.  Therefore, below are some statistics of the conservation practices through 2005:
Illinois River Basin

· Conservation practice acres within the Illinois River Basin (IRB):

· The IRB has approximately 153,000 acres of conservation practices installed since 1999.  

· The majority of the CREP acres (91 percent) are located in the Illinois River Valley and the La Moine, Sangamon, Spoon, and Iroquois River subwatersheds.  

· There are 16 different conservation practices (table 3-1) being used in the IRB CREP program.  Five of the 16 practices account for 94 percent of the total CREP acres.

· Wetland restoration (CP23) is the most used conservation practices covering nearly 38 percent of the total CREP acres in the IRB.  This is followed by riparian buffer (CP22), permanent wildlife habitat, noneasement (CP4D), filter strips (CP21), and hardwood trees (CP3A) at 25, 15, 11, and 5 percent, respectively.

· Conservation practice acres within each subwatershed:

· Distribution of conservation practices installed varies between subwatersheds.

· Wetland restoration is the dominant conservation practice in the Illinois River Valley and the La Moine, Iroquois, and Kankakee River subwatersheds (47, 65, 52, and 45 percent, respectively).

· In the Sangamon River subwatershed 32 percent of the conservation practices were riparian buffers and 25 percent in permanent wildlife habitat (noneasment).

· In the Spoon River subwatershed, the dominant conservation practices installed were wetland restoration and riparian buffers at 29 and 30 percent of the total CREP acres.

Table 3-1.  Description of Conservation Practices Used in the Illinois River Basin CREP

	Practice code
	Practice description

	
	

	CP1
	Establishment of permanent introduced grasses and legumes

	CP2
	Establishment of permanent native grasses

	CP3
	Tree planting

	CP3A
	Hardwood tree planting

	CP4B
	Permanent wildlife habitat (corridors), noneasement

	CP4D
	Permanent wildlife habitat, noneasement

	CP5A
	Field windbreak establishment, noneasement

	CP8A
	Grass waterways, noneasement

	CP9
	Shallow water areas for wildlife

	CP11
	Vegetative cover - trees - already established

	CP12
	Wildlife food plot

	CP16A
	Shelterbelt establishment, noneasement

	CP21
	Filter strip

	CP22
	Riparian buffer

	CP23
	Wetland restoration

	CP25
	Rare and declining habitat


CREP Monitoring Watersheds

Court/Haw Creeks (Knox County)

· The Court and Haw Creek watersheds have a total of 1896 acres of conservation practices installed under CREP and CRP.  These acres are located in the watershed area being monitored by the ISWS at three separate locations (figure 1-2).  Court Creek (301) has 767 acres, North Creek (302) has 323 acres, and Haw Creek (303) has 806 acres.  

· Almost 70 percent of the conservation practice acres in the Court (301) and North (302) watersheds are riparian buffer, wetland restoration, and filter strips.  Permanent wildlife habitat, riparian buffer, and filter strips account for 61 percent of the conservation practices in the Haw (303) watershed.

· Most of the conservation practice acres in the three watersheds were installed between 1999 and 2002 (figure 3-10).

Panther/Cox Creeks (Cass County)

· The Panther and Cox Creek watersheds have 887 acres of conservation practices.

· Approximately 147 acres (16 percent) have been installed above the two ISWS streamgages.
· Panther (201):  129 acres

· Cox (202):  18 acres

· Nearly all the conservation practices installed in the watershed upstream of Panther (201) has been riparian buffers (126 acres) funded by CREP.

· The 18 acres of conservation practices installed above Cox (202) were cool/warm season grass/shrubs and grass waterways funded by CREP, CRP, and WHIP (Wildlife Habitat Incentives Program).

Variability and Trends in Precipitation and Streamflow 


Results of a short-term monitoring program have to be viewed with respect to the climatic and hydrologic conditions under which the data was collected. Under ideal conditions, which rarely happen, the monitoring period would include a combination of wet, dry, and normal climatic conditions that represent the range of variability in climatic and hydrologic conditions in the watershed. The influence of climatic and hydrologic conditions on the data collected has been taken into consideration, especially when different datasets collected at different times and conditions are combined or compared. The Illinois River basin, as any major watershed, has experienced significant variability in precipitation and streamflow over the last century and recent periods. Data collection for the CREP program started in 1999 to provide a perspective as to how the current monitoring period compares to the long-term variability of precipitation and stramflows within the Illinois River basin. Historical precipitation and streamflow data are analyzed and presented in this segment of the report. 


Climate and hydrologic records from the past 100 years in Illinois show considerable long-term variability.  These variabilities and trends were analyzed for two stations on the Illinois River and six tributary stations in the Illinois River basin (figure 3-11). Figure 3-12 
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Figure 3-11. Location of streamgaging stations with long-term data used 
in the analysis of variability and trends
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Figure 3-12. Ten-year average precipitation and streamflow, 

Illinois River at Peoria-Kingston Mines 

compares average precipitation and streamflow for the Upper Illinois River watershed since the 1880s, as expressed in moving 10-year average values.  Similar comparisons are shown in figures 3-13 to 3-18 for the Fox, Kankakee, Spoon, Sangamon, LaMoine, and Macoupin subwatersheds, respectively, but for shorter time periods as limited by the available gaging records. Figure 3-19 for the entire Illinois River Basin (at the Valley City streamgage) is nearly identical to figure 1 except for the period of record.  The 10-year average precipitation and streamflow values plotted in figures 3-12 to 3-19 represent the approximate midpoint of the 10 years; for example, the value for 1995 represents the average for 10 years from 1990-1999, the value for 1996 represents the average for the 10 years 1991-2000, and so forth.  Streamflow values are expressed in inches of water spread uniformly over the entire watershed such that average streamflow can be compared directly with precipitation for the concurrent period.  Streamflow values in figure 3-12 are computed from flow and stage records at Peoria prior to 1940 and at Kingston Mines since 1940.  


Figure 3-12 shows that precipitation and streamflow in the Upper Illinois River watershed from 1970 to 1995 were considerably higher than at any other time in the 20th Century.  Prior to 1895, precipitation for the Illinois River watershed is estimated from a small set of gaging records dating back to 1870.  These precipitation records show that there was a decade of high precipitation in the late 1870s and early 1880s similar in magnitude to high precipitation amounts during 1970-1995.  A comparison of 10-year average precipitation and streamflow amounts clearly shows that streamflow has been very closely related to concurrent precipitation throughout the past 125 years, with a correlation coefficient (r) of 0.958.  
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Figure 3-13.  Ten-year average precipitation and streamflow, Fox River at Dayton
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Figure 3-14.  Ten-year average precipitation and streamflow, Kankakee River at Momence
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Figure 3-15.  Ten-year average precipitation and streamflow, Spoon River at Seville
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Figure 3-16.  Ten-year average precipitation and streamflow, Sangamon River at Monticello
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Figure 3-17.  Ten-year average precipitation and streamflow, LaMoine River at Ripley
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Figure 3-18.  Ten-year average precipitation and streamflow, Macoupin Creek near Kane
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Figure 3-19.  Ten-year average precipitation and streamflow, Illinois River at Valley City


Precipitation and streamflow trends shown in figure 3-12 are consistent with regional trends that have affected northern Illinois and much of the upper Midwest (Knapp, 2005).  Statistical analyses of long-term streamflow records by Knapp (2005) using the Kendall tau-b trend statistic indicate that streamgage records in northern Illinois, eastern Iowa, and Minnesota all exhibit increasing trends in average streamflow (figure 3-20).  Conversely, long-term flow records in the southern two-thirds of Illinois generally do not show significant increases in streamflow.  


Figures 3-13 to 3-18 illustrate that trends in precipitation and streamflow vary across the Illinois River watershed.  Increasing trends are particularly evident in the Upper Illinois River watershed and its two primary tributaries, the Fox and Kankakee River (figures 3-13 and 3-14).  In contrast, the Macoupin, LaMoine, and Sangamon River subwatersheds, in the southern portion of the Illinois River basin, show much less or no overall trend in precipitation or streamflow — even though these records show considerable variation in precipitation and streamflow from decade to decade.  The Spoon River watershed, having an intermediate location, shows an increasing trend in flow amount, but to a lesser degree than the Fox and Kankakee River watersheds located farther to the north.  In all cases, there is a strong correlation between average precipitation and streamflow.   


The significance of the trends is identified using the Kendall tau-b statistic.  The Kendall tau-b statistical test provides a quantitative measure of trend, with a coefficient value of 0 indicating no trend and a value of 1 indicating an absolute increasing trend.  For the 93-year flow 
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Figure 3-20.  Locations of long-term streamflow gages (at least 89 years of record) 

showing statistically significant trends in mean annual flow 

in the eastern United States (from Knapp, 2005)

records dating back to 1915, a coefficient value greater than or equal to 0.115 indicates an increasing trend at a 90 percent confidence level, and a value greater than or equal to 0.162 indicates an increasing trend at a 98 percent confidence level.  Table 3-2 shows the Kendall Tau-b trend coefficients computed for two time periods, 1915-2007 and 1970-2007.  The 1915-2007 trend analyses for the Fox, Kankakee, and Upper Illinois (Peoria-Kingston Mines) flow records show increasing trends with very high levels of confidence.  The 1915-2007 trend analysis for the Spoon River record shows an increasing trend, with roughly a 94 percent level of confidence.  The flow records for the tributaries located farther south in the watershed do not show a significant trend (having less than an 80 percent level of confidence).  The 1915-2007 trend coefficient for the Illinois River at Valley City is not shown because the flow record does not date back to 1915.  


Although flow records from the northern half of the Illinois River watershed display an general increasing trend over their full period of record, a closer look indicates: 1) there was a geographically widespread and sizable jump in average flow amount between the 1960s and 1970s (this jump also occurred in the southern part of the basin to a lesser extent); and 2) for most locations there has been little or no additional increase since the 1970s.  In fact, for most 
Table 3-2.  Kendall Tau-b Trend Statistics for Flow Records 

on the Illinois River and Major Tributaries

	
	Kendall Tau-b coefficient value

period-of-record used in the analysis

	Streamgage record
	1915-2007
	1970-2007

	Fox River at Dayton
	 0.294
	-0.135

	Kankakee River at Momence
	 0.316
	-0.007

	Illinois River at Peoria-Kingston Mines
	 0.315
	-0.144

	Spoon River at Seville
	 0.127
	-0.127

	Sangamon River at Monticello
	 0.087
	-0.081

	LaMoine River at Ripley
	 0.075
	-0.166

	Macoupin Creek near Kane*
	-0.009
	-0.081

	Illinois River at Valley City**   
	 ------
	-0.112


Notes:  

* The periods of record for the Macoupin Creek gage near Kane are 1921-1933 and 1941-2007.  

** The flow record at Valley City only extends back to 1939.  The trend coefficient for the 1939-2007 period at Valley City, 0.162, is somewhat less than the trend coefficient for Peoria-Kingston Mines for the same time period (0.192).  

locations, the average flows since 1995 have declined from the high flow levels that occurred from 1970 to 1995.  Table 3-3 presents the average annual precipitation and streamflow amounts for the Illinois River and its major tributaries over the past 12 years (1996-2007) and compares these amounts to those for earlier periods (1915-1969 and 1970-1995) and to the overall long-term record.  Except for the Kankakee River, the average flow from 1996-2007 for these rivers is much closer to the long-term average than it is to the higher flow amounts that were experienced from 1970 to 1995.  Thus, with the exception of the Kankakee River watershed, it is reasonable to conclude that other flow records collected throughout the Illinois River watershed over the 1996-2007 timeframe may represent conditions similar to their expected long-term average condition.  


Although it is not possible to predict how these trends will progress in the future, concerns expressed in previous decades regarding the potential for continued increases in flows throughout the Illinois River watershed (for example by Ramamurthy et al., 1989) for the time being may no longer be an issue.  If anything, there may be growing concerns that the occurrence of drought periods such as existed prior to 1970 may become more frequent.  This analysis does not specifically look at trends of flooding or low flows.  However, for long-term gaging records in the Illinois River watershed, Knapp (2005) found that trends in high flows and low flows tended to be coincident and proportional to trends in average flow.  

Table 3-3.  Average Annual Precipitation and Streamflow (inches) 

for Different Periods of Record

Precipitation

	Watershed
	1915-2007
	1915-1969
	1970-1995
	1996-2007

	Fox
	33.7
	32.6
	35.9
	34.4

	Kankakee
	37.0
	35.5
	39.5
	38.4

	Upper Illinois (Peoria)
	36.3
	35.2
	38.3
	37.1

	Spoon
	35.7
	34.9
	37.7
	34.8

	Sangamon
	38.9
	38.1
	40.7
	38.9

	LaMoine
	36.6
	35.8
	38.6
	35.9

	Macoupin
	37.4
	37.0
	38.6
	36.9

	Entire Illinois (Valley City)
	36.5
	35.6
	38.3
	36.6


Streamflow

	Watershed
	1915-2007
	1915-1969
	1970-1995
	1996-2007

	Fox
	  9.3
	  7.7
	12.1
	10.0

	Kankakee
	12.3
	10.9
	14.7
	13.5

	Upper Illinois (Peoria)
	10.2
	  8.8
	12.9
	10.8

	Spoon
	  9.1
	  8.0
	11.3
	  9.2

	Sangamon
	10.4
	  9.5
	12.4
	10.1

	LaMoine
	  8.7
	  7.7
	10.7
	  8.2

	Macoupin
	  8.4
	  8.1
	  9.1
	  7.8

	Entire Illinois (Valley City)
	  9.8
	  8.4
	11.7
	  9.5


4. Model Development and Application
The Illinois State Water Survey has been developing a watershed model for the Illinois River basin in support of the Illinois River Ecosystem project. In the initial phase, a hydrologic model of the entire Illinois basin has been developed and used to evaluate potential impacts of land use changes and climate variability on streamflow in the Illinois River basin. The model is based on the U.S. Environmental Protection Agency’s BASINS 3.0 modeling system. The Hydrologic Simulation Program – FORTRAN or HSPF (Bicknell et al., 2001) which is part of BASINS was used to simulate the hydrology of the Illinois River basin. The HSPF is a comprehensive and dynamic watershed model that also has the capability to simulate water quality and sediment transport.

To make the model applicable for assessing and evaluating the impact of CREP and other land use changes on water quality and sediment transport, the Water Survey has been developing the sediment transport and water quality capabilities of the HSPF model for the Illinois River basin. The initial effort has focused on the Spoon River watershed (figure 4-1) where two of the four intensively monitored watersheds, Court and Haw Creek, are located. Streamflow, sediment, and water quality data being collected at three monitoring stations are being used to calibrate and test the model for the Spoon River watershed. Once the calibration and validation process are completed for the Spoon River watershed, the model parameters can be used to develop models for other similar watersheds to simulate the hydrology, sediment transport and water quality under different climatic and land use scenarios. Over time, as land use practices change significantly as a result of CREP and other conservation practices, the models being developed will provide the tools to evaluate and quantify changes in water quality and sediment delivery to the Illinois River.

The progress in model development for the Spoon River watershed is discussed in the following sections.

HSPF Model


The HSPF model is a conceptual, comprehensive, long term continuous simulation watershed scale model which simulates non-point source hydrology and water quality, combines it with point source contributions, and performs flow and water quality routing in the watershed and its streams. The HSPF model simulates land-surface portion of the hydrologic cycle by a series of interconnected storages – an upper zone, a lower zone, and a ground-water zone. The fluxes of water between these storages and to the stream or atmosphere are controlled by model parameters. The model uses a storage routing technique to route water from one reach to the next during stream processes.
For sediment simulation, the surface erosion component of the HSPF model performs processes such as sediment detachment from the soil matrix in the pervious land segments during rainfall event, washoff of this detached sediment, scour of the soil matrix, and reattachment or compaction of the sediment. Storage and washoff of sediments from the impervious surfaces is
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Figure 4-1. Location of the Spoon River watershed

also considered. The sediment load and transport in the stream channel is dependent on the particle diameter, density, fall velocity, shear stress for deposition and scour, and erodibility. The noncohesive (sand) and cohesive (silt and clay) sediment transport is simulated in the model using different subroutines.


Nutrients in the watershed soil in the HSPF model are simulated either as attached to organic or inorganic solids, dissolved in the overland flow, or as concentrations in the subsurface flow reaching the streams laterally. For both nitrogen and phosphorous compounds, the processes simulated include immobilization, mineralization, nitrification/denitrification (nitrogen only), plant uptake, and adsorption/desorption. The nutrient loads from the watershed undergo further transformation in the stream reaches.
Model Input Data
The HSPF model requires spatial information about watershed topography, river/stream reaches, land use, soils, and climate. The hourly time-series of climate data required for hydrologic simulations using HSPF include precipitation, potential evapotranspiration (ET), potential surface evaporation, air temperature, dew-point temperature, wind speed, and solar radiation. The hourly precipitation data from the two ISWS gages, one each in Court Creek (ISWS31) and Haw Creek (ISWS32) watersheds, were used (figures 4-2 and 4-3). Daily precipitation data from the MRCC (Midwestern Regional Climate Center) gaging station at Galesburg (ID 113320) was also used after it was disaggregated into hourly data based on the hourly precipitation data from an ICN (Illinois Climate Network) station located in Monmouth (MON). The other time series of the climate inputs for the above three precipitation stations were obtained from the ICN station at Monmouth. Daily data from nine additional MRCC stations (figure 4-4) in or near the Spoon River watershed were also disaggregated into hourly data based on the hourly data from three stations at Peoria, Moline, and Augusta, as found in the BASINS database. These additional stations were used for the Spoon River watershed model.

For topographic inputs, the 30-meter Digital Elevation Model (DEM) raster dataset produced by the Illinois State Geological Survey (ISGS) and the United States Geological Survey (USGS) was used. The high resolution National Hydrography Dataset (NHD) developed by the USGS was used to provide stream/river reach information to the model. The land use data were obtained from the Illinois Department of Agriculture which is based on the satellite imagery of the State of Illinois acquired from three dates during the spring, summer, and fall seasons of 1999 and 2000. Land use in the study watersheds was classified as corn, soybean, rural grassland, forest, urban, wetland and other (figures 4-5, 4-6, and 4-7). The soils data were based on digitized County Soil Association Maps of the Knox County and the STATSGO dataset (figure 4-8). The soil type for various parts of the study watersheds were determined spatially from the digitized soils maps, but the parameters corresponding to the soil type were manually entered during development of the HSPF model.
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Figure 4-2. Schematic of the subwatershed and stream delineation, and precipitation

gages used for the Haw Creek model
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Figure 4-3. Schematic of the subwatershed and stream delineation, and precipitation

gages used for the Haw Creek model
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Figure 4-4. Schematic of the subwatershed and stream delineation, and precipitation

gages used for the Spoon River watershed model
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Figure 4-5. Land use in the Court Creek watershed
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Figure 4-6. Land use in the Haw Creek watershed
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Figure 4-7. Land use in the Spoon River watershed
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Figure 4-8. Soil types in the Spoon River watershed

Model Development

Based on the topographic and hydrographic data, the watersheds were subdelineated into smaller hydrologically-connected subwatersheds and stream reaches, and respective outlets. The Automatic Delineation procedure in BASINS with an option of ‘burning in’ existing streams was used. Subdelineation was done for representing spatially variable physical and other characteristics of a watershed in the HSPF model. The Court, Haw, and Spoon River watersheds were subdivided into 31, 25, and 42 subwatersheds, respectively (figures 3-2, 3-3, and 3-4). During subdelineation, outlets were specified in the models corresponding to the streamflow gaging/water quality monitoring stations on the North Creek (ISWS302), Court Creek (ISWS301), Haw Creek (ISWS303), and the USGS streamflow gaging station at Seville (USGS05570000) in the Spoon River watershed (figures 3-2, 3-3, and 3-4). The subwatersheds were further subdivided into Hydrologic Response Units (HRUs) based on land use, soil, and climate to account for the spatial variability of a basin’s physical and hydrologic characteristics at a finer scale. An HRU is an area within a watershed that is expected to have a similar hydrologic response to input of precipitation and evapotranspiration. Each HRU has a set of parameter values that must be determined through the calibration process to define runoff characteristics as well as loading of various constituents from that HRU. In the Court Creek watershed HSPF model, climate data from the Court Creek and Galesburg precipitation gages were input to different subwatersheds based on the proximity. Similarly, in the Haw Creek HSPF model data from the Haw Creek and Galesburg gages were input to various subwatersheds. In case of Spoon River watershed HSPF model, data from all ten MRCC stations were specified for different subwatersheds based on their proximity to the gages.
Model of the Court Creek watershed was developed first using two years (WY2001-WY2002) streamflow and sediment concentration data from the ISWS301 streamflow gage/WQ station on the Court Creek. Calibrated model parameters from this model were then used to populate the models of the Haw Creek and Spoon River watersheds. No further calibration of these two models was performed. Haw Creek watershed model was run for the same two year period as Court Creek watershed model and the model results were compared with the observed data from the ISWS303 gage on the Haw Creek. Since long-term climate and streamflow data were available for the Spoon River watershed, this model was run for 1972-1995 period using data from the USGS05570000 at Seville.
Modeling Results

Values of a large number of HSPF model parameters can not be obtained from field data and need to be determined through model calibration exercise. The Court Creek watershed model was calibrated to assign best possible parameter values to each HRU and stream reach so that the model simulated daily streamflows and pollutant concentrations similar to the values observed at the gaging/monitoring stations. Calibration of the hydrologic component of the model was followed by the calibration of the water quality component for the sediment concentration. Model was run for hourly time step. For the two year calibration period of WY2001-WY2002, percent volume error between the model simulated and observed streamflows at gages ISWS301 on the Court Creek and ISWS302 on the North Creek were 1.2% overestimation, and 3.5% underestimation, respectively. Comparisons of the daily streamflows simulated by the model for WY2001-WY2002 period with those observed at gages ISWS301 and ISWS302 are shown in figures 4-9a and 4-9b. The performance of this preliminary model is promising and overall the simulated streamflows follow the similar trend as the observed values. The timings and shape of the simulated streamflow hydrographs resemble the observed ones but some peak flows were underestimated by the model. In this study the model was not calibrated to match the individual stormflow events, rather it was calibrated to fit the long-term and daily data over the two year calibration period. Also, data from only two precipitation gaging stations, both near the boundary of the watershed (figure 4-2), were used to spatially represent the precipitation over the entire watershed. It is possible that rainfall measured for a particular event at one of the gages did not represent the rainfall that actually occurred in different parts of the watershed, thereby resulting in discrepancies between the observed and simulated streamflow hydrographs. Thus, more precipitation gaging stations will help improve the performance of the hydrologic model by more accurately simulating the stormflow hydrographs.

For sediment simulation by the model in the Court Creek watershed, parameters controlling soil erosion on the surface and sediment transport in the stream channel were calibrated. Comparison of sediment concentration simulated by the model and those observed at gages ISWS301 and ISWS302 are shown in figure 4-10 for the WY2001-WY2002 period. The simulated values generally followed the same trend as the observed sediment concentration values at both gages. Since most soil erosion occurs during extreme runoff events, some high sediment concentrations were underestimated by the model as a result of poor estimation of the stormflow peaks by the model during hydrologic simulations. 

Streamflow and sediment concentration simulation results from the Haw Creek watershed model are compared with the observed data as shown in figures 4-11 and 4-12, respectively. Similar results from the Spoon River watershed model are shown in figures 4-13 and 4-14. In this preliminary phase, the performances of these two models were similar to the calibrated model of the Court Creek watershed. Performance of these models can be improved in the future if climate, streamflow, and water quality data are available for more stations and longer time period to improve the model calibration.
[image: image47.emf]A) Gage ISWS301 on the Court Creek

0

500

1000

1500

2000

2500

0100200300400500600700

Days after 10/01/2000

Daily streamflow, cfs

Observed

Simulated


[image: image48.emf]B) Gage ISWS302 on the North Creek

0

200

400

600

800

1000

1200

0100200300400500600700

Days after 10/01/2000

Daily streamflow, cfs

Observed

Simulated


Figure 4-9. Results of model calibration for streamflow simulation for

the Court Creek watershed
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Figure 4-10. Preliminary results of model calibration for suspended sediment 
concentration simulation for the Court Creek watershed
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Figure 4-11. Comparison of observed and simulated streamflow by the Haw Creek watershed model developed using the calibrated parameters from the Court Creek watershed model
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Figure 4-12. Preliminary results for suspended sediment concentration from the Haw Creek watershed model developed using the calibrated parameters from the Court Creek watershed model
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Figure 4-13. Comparison of observed and simulated streamflow simulation by the Spoon River watershed model developed using the calibrated parameters from the Court Creek watershed model
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Figure 4-14. Preliminary results for suspended sediment concentration from the Spoon River watershed model developed using the calibrated parameters from the Court Creek watershed model
5. Analyses and Discussion
Sediment Loadings


Based on sediment records since 1980, the Illinois River on the average receives approximately 12 million tons of sediment annually from tributary streams (Demissie et al., 2004). About 55 percent of the sediment delivered to the river (6.7 million tons) is deposited in the river, backwater lakes, and side channels along the river. Most of this sediment is generated in the tributary watersheds to the Lower Illinois River, with the Spoon and LaMoine River watersheds as the highest per unit area generators of sediment among the major tributaries. The smaller tributaries draining directly to the river also contribute significant sediment. Controlling the erosion processes that are producing excessive sediment and reducing sediment delivery to the Illinois River will be a long-term effort, since sediment storage and mobilization along major rivers is a slow process. It will take some time to flush the sediment already in the system. In the initial phase of a restoration project, the major goal is to stabilize the system so that the erosion process is not accelerating and generating more sediment. The readjustment processes will take a number of years to reach a dynamic equilibrium condition where the natural processes of erosion and sedimentation are in balance. The long-term goal of the Illinois River restoration projects is to reach such a state where continued excessive sedimentation is eliminated.

To assess these processes, long-term monitoring is needed. The CREP program has been collecting sediment data at selected watersheds to supplement other monitoring programs. The data collection for the CREP program started in 1999 and has generated thirteen years of data. The annual sediment load data for each of the five CREP monitoring stations have been presented in chapter 2. Because of the short duration of data collection program, this data cannot yet be used to assess long-term trends. However, the short-term trends are shown in figure 5-1, where the sediment load per unit area was normalized by the runoff in inches to account for the variability of runoff from year to year.  Even though the extreme wet year 2008 stands out as the year with the highest yield (for Panther and Cox Creeks), the general trend for the other stations is a gradual decrease or no trend. Again, these are short term trends and any major climatic or hydrologic variability in the coming year could change the trends, as illustrated with the influence of 2008 on Panther and Cox Creeks. As we continue the monitoring program, the trends will be more clear and reliable as the duration of the monitoring period increases.
The data were also compared with historical data collected by the USGS for small watersheds in the Illinois River basin as shown in figure 5-2. As shown in the figure, the CREP dataset is consistent with the older dataset and will be used to develop improved sediment delivery estimates for small watersheds in the Illinois River basin and improve our assessment and evaluation capability. 


To assess long-term trends, data collected by the USGS and ISWS since 1980 were used to compute sediment delivery for the major tributaries to the Lower Illinois River. For the USGS data, sediment delivery from the three major tributary watersheds to the Lower Illinois River was computed for the downstream gaging stations near the outlet of the watersheds using the same methods developed by Demissie et al. (2004). The outflow of sediment from the Illinois River basin is measured at Valley City. The sediment loads and the corresponding water discharges for 
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Figure 5-1. Variability of sediment yield per inch of runoff for CREP monitoring stations
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Figure 5-2. Comparison of sediment load from CREP monitoring stations with historical sediment data 

for small watersheds by the USGS

five-year increments since 1980 are shown in figure 5-3.  The period 1991-1995 generally shows the highest sediment delivery to the Illinois River and the highest outflow from the Illinois River for the period under consideration, primarily because of the 1993 major floods. Since that period, sediment delivery from the tributaries and outflow from the Illinois River have generally been decreasing. If these trends continue into the future, there would be significant reduction in sediment delivery to the Illinois River.


Similar trends are also observed from the analyses of sediment data collected by the ISWS for the Benchmark Sediment Monitoring Program for Illinois Streams. The Benchmark Sediment Monitoring Program has been collecting weekly sediment data at selected monitoring stations throughout the state since 1980 (Allgire and Demissie, 1995). The data collected over that last 30 years have been processed and analyzed to observe trends in sediment concentrations and loads. Figures 5-4 to 5-6 show the trend in sediment load since 1980 for the Spoon River at Long Mills, LaMoine River at Ripley, and Sangamon River at Monticello, respectively. All three stations show a decreasing trend since 1980 even though the 2009 and 2010 annual loads are higher than the mean annual loads.

Nutrient Loadings

To assess long-term trends in nutrient loadings as conservation practices are implemented, the state has been collecting nutrient data at the five CREP monitoring stations where sediment data have been collected since 1999. Even though there are some low and high nutrient load years, the dataset is not long enough to assess long-term trends in nutrient loading. However, the short-term trends based on the data collected so far are shown in figures 5-7 and 
5-8 for nitrate-N and total phosphorous yields per inch of runoff respectively. The nutrient yield values were divided by the inches of runoff to partly remove the effect of the variability of runoff from year to year. As shown in figure 5-7, the nitrate-N yields do not show any significant trend except for the jump in yield from 2000 to 2001 for stations 201 and 202 and a gradual decline since 2006 for all stations. Figure 5-8 shows no significant trend for total phosphorous over the whole monitoring period except for the jump in yield in 2000 and 2008 for stations 201 and 202 and a significant drop for all the stations in 2012 due to the drought.
Long-term data collected by the Illinois EPA as part of their Ambient Water Quality Monitoring Network can, however, provide a fair indication of the general long-term trend in nutrient delivery to the Illinois River. Figure 5-9 shows annual nitrate-N yields in tons per square mile from the three major tributaries of the Lower Illinois River (Spoon, Sangamon, and LaMoine Rivers). Nitrate-N represents about 70 percent of the total nitrogen load in most of Illinois’ agricultural watershed, and thus is a good surrogate for total nitrogen load. As can be seen in the figure, the nitrate yields can range from almost zero during a drought year like 1989 to a high of about 11 tons per square mile during a major wet period like the 1993 flood year. Therefore, climatic factors do play a major role in nutrient transport and delivery. The most important observation that can be made for the figure is the slow decreasing trend of nitrate-N yield from the major tributary watersheds. Even though it is very difficult to measure how much impact the CREP program might have had, it is obvious that conservation practices in these watersheds, where most of the CREP lands are located, are making a difference in nitrogen delivery to the Illinois River.
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Figure 5-3. Sediment delivery from the three major tributary watersheds to the Illinois River

and sediment outflow from the Illinois River at Valley City
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Figure 5-4. Trends in sediment load at Spoon River at London Mills (after Crowder et al., 2008)
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Figure 5-5. Trends in sediment load at LaMoine River at Ripley, IL (after Crowder et al., 2008)
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Figure 5-6. Trends in sediment load at Sangamon River at Monticello, IL 
(after Crowder et al., 2008)
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Figure 5-7. Variability of nitrate-N yield per inch of runoff for CREP monitoring stations
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Figure 5-8. Variability of total phosphorous yield per inch of runoff 
for CREP monitoring stations
Figure 5-10 shows the total phosphorous yield from the same three tributary watersheds discussed in the previous figure. Annual phosphorous delivery ranges from a low of almost zero during the drought year 1989 to a high of almost one ton per square mile for the extreme wet year of 1993. The data also show how dependant phosphorous delivery is on climatic variability. Similar to the trends to the nitrate delivery, there is a slow but gradual decreasing trend in phosphorous yield from the Spoon and LaMoine Rivers, while there is a gradual increase from the Sangamon River. 


The trends in nutrient loads from the major tributaries are reflected in nutrients transported by the Illinois River. Analyses of the data from the two downstream monitoring stations, Havana and Valley City, are shown in figure 5-11 for nitrate-N and total phosphorous, respectively.  In general, the trend is a gradual decrease to no increase. These observations are extremely important as to nutrient delivery from Illinois streams to the Mississippi River and eventually to the Gulf of Mexico. Illinois had been identified as one of the major sources of nutrients to the Gulf of Mexico, and the fact that nutrient delivery from Illinois has not increased and is gradually decreasing is good news not only to Illinois but to the Gulf of Mexico, too.
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Figure 5-9. Annual nitrate-N loads for the three major tributary watersheds 

to the Lower Illinois River
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Figure 5-10. Annual total phosphorous loads for the three major tributary watersheds 

to the Lower Illinois River
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Figure 5-11. Nitrate-N and total phosphorous loads along the Lower Illinois River

6. Summary and Conclusions

As outlined in the Illinois River Basin Restoration Plan, the alternative of no-action in the Illinois River watershed will result in increased sediment delivery to the Illinois River and habitats and ecosystem would continue to degrade. However, recent data indicate that both sediment and nutrient delivery to the Illinois River have either stabilized or decreased as a result

of implementation of conservation practices in the watershed. With the knowledge that reduction in sediment delivery from large watersheds takes time to move through the system, the indication of stabilized sediment delivery shows progress is being made in restoring the Illinois River watershed. If the present trends continue for the next 10 to 15 years, sediment and nutrient delivery to the Illinois River will be significantly reduced, and lead to improved ecosystem in the river and tributary watersheds in the long-term. 
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