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Executive Summary 
 

(This section generally addresses Elements A, B, C, F and G of the nine element watershed planning 

process, including general watershed information and Hydrologic Unit Codes (HUCs) in the affected area, 

the list of 303(d) streams in the planning area, existing and proposed Total Maximum Daily Loads (TMDLs) 

and affected streams, pollutant load reductions necessary to meet designated uses in impaired streams, the 

essential management measures to achieve water quality goals, the identification and mapping of critical 

areas, a schedule for implementation of management measures, and methods for evaluating the success of 

the plan. All of these elements are addressed in more detail in subsequent chapters of the plan.) 

 

The James River (HUC 8-11010002) is a major tributary of the White River in southwest Missouri 

with a watershed of about 1,455 square miles. The James River and its receiving waterbody, Table 

Rock Lake, are extremely important to economic development, industry, agriculture, commerce, 

tourism and recreation in southwest Missouri as well as the entire Midwest. Population growth and 

widespread land development in the basin, as well as ongoing agricultural activities, have affected 

the quality of water resources. The following streams in the James River Basin are on the 303(d) 

list of impaired waters: James River, Crane Creek (waterbody ID 2382), North Branch Wilsons 

Creek (WBID 3811), Wilsons Creek, Pearson Creek, and Jordan Creek. In 1998, three segments 

of the James River (Segment 2347, 28 miles from Section 10, T24N, R24W to Section 8, T26N, 

R22W; Segment 2362, 26 miles, from Section 8, T26N, R22W to lake Springfield Dam; and 

Segment 2365, 4 miles, from Highway 65 to Section 24, T29N, R17W) were listed as impaired for 

excessive nutrients, extending from the river’s headwaters to its mouth on Table Rock Lake 

(http://dnr.mo.gov/env/wpp/waterquality/303d/docs/1998-303d-list.pdf) 

MDNR cited phosphorus from sewage treatment plants and runoff of phosphorus and nitrogen 

from urban and agricultural lands as factors contributing to water quality degradation in the James 

River Basin. Elevated nutrient levels in the James River, particularly phosphorus, have in the past 

decreased water clarity in Table Rock Lake due to excessive algae growth (MoDNR, 2004a). 

Eutrophication in the James River arm of Table Rock Lake and the potential detriment to tourism, 

recreation and economic growth were driving factors in the establishment of a nutrient TMDL in 

the James River in May 2001. EPA eventually approved a two-phase TMDL 

(http://dnr.mo.gov/env/wpp/tmdl/2347-2362-2365-james-r-record.htm) 

Phase I included the implementation of phosphorus removal at larger wastewater treatment 

facilities in the basin. Springfield’s Southwest Clean Water Plant (SCWP), the largest wastewater 

point source and nutrient loading source in the basin, completed its phosphorus removal upgrades 

in March 2001. Phosphorus removal upgrades were completed at all other major wastewater 

facilities in the basin by November 2007. Phase II of the James River TMDL primarily addresses 

the reduction of nutrient loadings from nonpoint sources (MDNR, 2001). 

http://dnr.mo.gov/env/wpp/waterquality/303d/docs/1998-303d-list.pdf
http://dnr.mo.gov/env/wpp/tmdl/2347-2362-2365-james-r-record.htm
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The Middle James River Sub-basin (HUC 10-1101000203) covers about 202 square miles in the 

north-central portion of the James River Basin. This sub-basin contains major portions of the 

rapidly urbanizing communities of Springfield, Republic, Battlefield, Ozark and Nixa. The Middle 

James River Sub-basin contains the Wilsons Creek Watershed (HUC 11-11010002030). This plan 

will address water quality conditions and impairments in the Wilsons Creek Watershed of the 

Middle James River Sub-basin. On the 2016 303(d) list, Wilsons Creek and its urban tributary 

Jordan Creek are listed as impaired by polycyclic aromatic hydrocarbons (PAHs). Wilsons Creek 

is also list for E. coli bacteria. The North Branch of Wilsons Creek is listed for zinc. These non-

nutrient impairments are not the foci of TMDL actions and will be addressed by the “Integrated 

Plan for the Environment,” currently under development by the city of Springfield, City Utilities 

of Springfield, and Greene County. The plan and its status can be reviewed at 

http://www.springfieldintegratedplan.com. The Integrated Plan and its incorporation into this plan 

is discussed in more detail in Chapter VI, “New Action Plan,” on page 95. 

Substantial efforts to reduce point and nonpoint sources of pollution have occurred in the James 

River Basin over the last several decades. As shown by monitoring data, upgrades to wastewater 

treatment plants have produced significant improvements to water quality in the James River and 

the James River arm of Table Rock Lake (MDNR 2004). In addition, a number of projects now 

completed or ongoing have focused on urban and agricultural land and the implementation of best 

management practices in the Wilsons Creek Watershed of the Middle James River Sub-basin. 

Many BMPs used to address nutrients may provide some E. coli reductions as well, especially 

those aimed at controlling livestock wastes.  

For the preparation of this plan, a SWAT model was used by OEWRI, an arm of Missouri State 

University, to estimate pollutant (sediment and nutrients) loading coming from land into streams 

in the Wilsons Creek watershed and the entire Middle James River Sub-basin. The first model 

focused on the Middle James HUC 10. This modeling indicated that at the outlet of the HUC-10 

watershed (as measured at the Boaz gage on the James River), 37% of the total phosphorus (TP), 

55% of the total nitrogen (TN), and 75% of the sediment were coming from the James River 

Headwaters HUC-10, upstream of the city of Springfield and the Middle James Sub-basin (see 

Appendix V). The model further showed that within the Middle James Sub-basin, 71% of the TP, 

16% of the TN, and 7% of the sediment were coming from Wilsons Creek. This indicated that 

Wilsons Creek was adding a disproportionate share of TP to the James River, but not TN or 

sediment. Therefore, the focus of further modeling and the focus on this watershed-based plan was 

on the Wilsons Creek Watershed. 

With information from the first model in hand, OEWRI constructed a refined model focusing on 

two of the three HUC-12 sub-basins within the Wilsons Creek watershed where the best data were 

available. Three sub-basins (Headwaters Wilsons Creek HUC 12-110100020301, Wilsons Creek 

HUC 12-110100020303, Terrell Creek (HUC 12-110100020302) make up the Wilsons Creek sub-

basin. For modeling purposes, Headwaters Wilsons Creek and Wilsons Creek were used. These 

were further divided into four sub-basins (see Figure 19). The average annual loads were calculated 

http://www.springfieldintegratedplan.com/
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for each smaller watershed within the sub-basin, and these areas divided into high, medium and 

low categories for pollutant loading. The areas or watersheds with the highest loads were 

selected as target areas for BMP implementation. Filter strips were used as management 

measures for pollutant loading reduction estimates in the refined model because these were already 

calibrated in the model input feature set. These “filter strip” Best Management Practices (BMPs) 

were used to simulate the effects of riparian zone protection, removal of impervious areas, 

impervious area disconnection and retrofitting of detention basins for water quality. Of course, 

filter strips are also an important agricultural BMP, so the modeling strategy would also account 

for loadings information on agriculture. The modeling methodology and results are discussed more 

fully in Chapter IV. 

The stakeholder group that developed the original 2010 plan for the Middle James River Sub-basin 

identified a range of BMPs, both structural and managerial, to be used in the urban and urbanizing 

portions of the sub-watershed. Urban BMPs were suggested because the stakeholders identified 

urban runoff as a primary area of concern. Physical BMPs recommended included rain gardens, 

rain barrels, detention basin retrofits, urban lawn fertilization plans, “green” streetscapes, and 

practices to improve and protect stream corridors and riparian areas.  

After further monitoring and evaluation of these practices on the ground, resource professionals 

and planners elected to focus more attention in this plan update on those BMPs that appear to be 

the most effective at stormwater volume reduction and water quality improvement. Agricultural 

BMPs were used to simulate nutrient and pollutant reduction from agricultural activities, primarily 

in the lower Wilsons Creek watershed. These discussions are covered in the BMP or “Management 

Measures” section of this report in Chapter V. For the purposes of BMP targeting, these more 

effective BMPs were modeled to estimate pollutant loading reductions that should occur from 

wider implementation. The four primary management measures under consideration in this plan 

are: 1) riparian zone protection/enhancement/restoration; 2) tree planting and other vegetative 

enhancements; 3) impervious area reduction and disconnection; and 4) detention basin retrofits.  

Costs of these BMPs were also estimated, and this information is found in Chapter VI. 

In addition, representatives of agricultural resource management agencies were consulted about 

the adoption of agricultural BMPs by landowners. Managed grazing systems, alternative watering 

systems, livestock exclusion and nutrient management were cited as examples of BMPs that have 

gained wider acceptance in recent years and that have also proven valuable in runoff reductions 

and water quality improvements. While agricultural BMPs are important, the majority of the 

sediment and phosphorus loading in the Wilsons Creek watershed has been shown to be derived 

from urban sources. However, agricultural uses are predominant in the southern portion of the 

Wilsons Creek watershed. Loading of sediment and nutrients from these areas will be addressed 

through the regular NRCS and MoDNR soil and water programs, including appropriate BMPs and 

cost-sharing programs. Summaries of USDA and Missouri Soil and Water Conservation BMP 

implementation programs in the Middle James Sub-basin are found on pages 84-85. To the extent 

possible, new agricultural BMPs will be targeted to the critical areas identified by OEWR in the 
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SWAT model, especially in sub-basin 4, which has the highest percentage of agricultural land use 

and the largest critical area in the Wilsons Creek watershed (see Figures 19-22, pages 57-60).  

Initial modeling in the sub-basin indicated that Wilsons Creek was contributing a disproportionate 

share of nutrients to the James River. This is due to a large urban influence in Greene and Christian 

Counties, but also to nutrient loading from the SCWP. The OEWRI-generated SWAT modeling 

focused on three sub-basins in the Wilsons Creek headwaters area, including the very urbanized 

Jordan, South and Fassnight Creeks. Modelling showed that these sub-basins were contributing 

excessive non-point source sediment and nutrients to Wilsons Creek and the James River. (See 

appendix IV for sub-basin maps). As can be seen in Table 1, Sub-basin 1, which includes Jordan 

Creek and Fassnight Creek, is estimated to currently be contributing 14.7 million pounds of 

sediment/yr., 9700 pounds/yr. of total phosphorus (TP), and 36,000 pounds/yr. of total nitrogen 

(TN). Sub-basin 2, South Creek, is contributing 15.2 million pounds/yr. of sediment, 13,800 

pounds/yr. of TP, and 60,000 pounds/yr. of TN. Sub-basin 3, the headwaters of Wilsons Creek, is 

contributing 46.6 million pounds/yr. of sediment, 38,000 pounds/yr. of TP, and 144,200 pounds/yr. 

of TN. 

Sub-

basin 

TP load 

(lbs./yr.) 

current 

TP load reduction 

required (lbs./yr.) 

TN load 

(lbs.yr.) 

current 

TN load reduction 

required (lbs./yr.) 

Sediment load 

(lbs./yr.) 

current 

1 9,700 7,500 36,000 0 14.7 million 

2 13,800 11,900 60,000 22,500 15.2 million 

3 38,000 27,200  0 46.6 million 
Table 1: Current loads of TP, TN and sediment in Wilsons Creek sub-basins and load reductions required to meet 

TMDL target concentrations. 

From the SWAT model, the modeled concentrations of sediment and nutrients were compared to 

the TMDL eutrophication threshold loads. It was determined that in order to meet the TMDL target 

values for in-stream nutrient concentrations, TP would need to be reduced by 7,500 lbs./yr. (77%) 

in Sub-basin 1, 11,900 lbs./yr. (86%) in Sub-basin 2, and 27,200 lbs./yr. (72%) in Sub-basin 3 

(Table 1). In order to meet the TMDL target value for TN, there would need to be no reductions 

in Sub-basins 1 and 3, but there would need to be a 22,500 lbs./yr. (37%) reduction in Sub-basin 

2. For these reasons, the primary emphasis of this plan will be management measures aimed at 

reducing TP and sediment (since TP is often adsorbed onto sediment particles, which can rapidly 

erode from destabilized urban streambanks) in the targeted Sub-basins. Because of the large 

reductions that will be necessary to achieve the TMDL target values in the affected streams, this 

plan will focus on long-term incremental changes in water quality rather than creating expectations 

of large reductions over relatively short time periods. Large or rapid reductions over short time 

frames in the complicated world of urban water quality management would be unrealistic and most 

likely unachievable. 

Primary goals and objectives of this planning effort are discussed in the Introduction, Chapter 1. 

The primary goal of this plan is to improve water quality in the Wilsons Creek watershed, but not 

necessarily to fully restore it. Identified sub-goals are to 1): improve water quality in the targeted 
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sub-basins by implementing management measures that reduce yields of sediment and TP; 2) 

reduce stream erosion and sedimentation by focusing on riparian zone protection and 

enhancement; 3) facilitate the adoption of sustainable development practices by watershed 

residents and responsible management entities in the targeted sub-basins and 4) develop effective 

evaluation procedures to measure the success of the management measures implemented. More 

specific objectives for achieving these goals are shown in table 1 in the Introduction on page 18, 

along with milestones and timelines. Interim goals, objectives, milestones and timeframes (5 year 

increments) are shown in Table 10, page 101, and Table 11, page 103. Two of the primary BMPs 

emphasized in this plan are detention basin retrofits and riparian area protection and restoration, 

including bank stabilization. Since reliable local data on loading reduction estimates for these BMP 

types are available, they have been used in calculations of total load reductions and progress toward 

meeting TMDL targets if plan goals are met. This does not mean that loading reductions will not 

be obtained from meeting the other goals of the plan—only that these BMP types have 

performance values that appear to be quantifiable. 

Although this plan contains goals and objectives related to the reduction of nutrient and sediment 

concentrations in Wilsons Creek, the TMDL in-stream nutrient target concentrations actually 

apply to the James River, the receiving stream for Wilsons Creek. It is not anticipated that the 

nutrient concentration targets for the James River will be achieved in Wilsons Creek and its 

tributaries, particularly below the Springfield Southwest Clean Water Plant, where the discharge 

limit for phosphorus is higher than the TP TMDL target level in the James River, and the discharge 

of the treatment plant comprised the bulk of the flow of Wilsons Creek below that point. Further, 

modeling has shown that the headwater streams of Wilsons Creek (Jordan Creek, Fassnight Creek, 

and South Creek) cannot be expected to meet the James River in-stream target nutrient 

concentrations within 20 years, even with the widespread application of BMPs.  

One of the primary BMPs to be implemented in this plan is the protection and restoration of 

riparian zones, including bank stabilization and re-vegetation where necessary. Healthy riparian 

zones are the first line of defense for streams and probably the most important management 

measure for protecting water quality. Because of the effects of urbanization and agricultural 

practices, much of the riparian zone in the Wilsons Creek Watershed has been removed or 

diminished in size or condition. The critical nature of vegetated riparian zones to stream health has 

been well established.  

A primary goal for this plan is to secure a large portion of the riparian area along Wilsons Creek 

in some form of permanent protection, most commonly through conservation easements. Within 

this riparian zones, an objective is to restore vegetative cover and health of the riparian zone to the 

extent possible with native trees and forbs, and remove or reduce nuisance invasive species that 

diminish habitat and lessen erosion protection. Another objective is to protect and/or restore at 

least 100 feet on both sides of the stream to a healthy condition, with banks well protected from 

erosion. However, reduced setbacks and narrower protected corridors may be necessary in many 

locations due to topography and existing property lines, roads, and other constraints in fully 
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developed areas. The SWAT model identified the riparian zones to be targeted first for protection: 

These areas are along Wilsons Creek proper, Jordan Creek, Fassnight Creek and South Creek. 

However, refined monitoring or modelling programs in the future or priorities identified during 

the Integrated Plan for the Environment process may also be used to identify key areas needing 

protection. Table 1 on page 18 and Table 9 on page 100 provide specific load reduction and water 

quality goals for riparian protection and restoration. The twenty-year goal for this BMP type is to 

reduce TP loading into Wilsons Creek by 1,400 lbs/yr., TN by 2,100 lbs./yr., and sediment by 

3,900,000 lbs./yr. These reductions will help to meet the water quality concentration goals in 

Wilsons Creek of 0.459 mg/l TP, 6.28 mg/l TN, and 293 mg/l for sediment (TSS). 

The second major BMP-enhancing approach identified in the plan is the retrofitting of existing, 

standard stormwater detention structures into extended detention, water quality improvement 

basins. Retrofits of existing large detention basins has been identified as a “low hanging fruit” in 

terms of providing water quality protection with a low cost to benefit ratio. Since these basins are 

already installed, there is no need to secure additional land for the retrofit. SWAT modeling has 

identified “hot spots” in terms of sediment and nutrient loading in the sub-basins mobeled. OEWRI 

monitoring has also provided technical data on the performance and pollutant removal capabilities 

of retrofitted basins. The “hot spot” areas will be overlain in a GIS with existing detention basin 

locations to determine “restoration opportunity areas (ROAs),” basins with potentially high retrofit 

benefit to cost ratios. Larger basins will be targeted initially for retrofits to provide treatment 

sooner because they have larger drainage areas, for larger volumes of stormwater runoff treated 

and higher removal efficiencies of pollutants. 

The city of Springfield has been investigating detention basins for potential water quality retrofits 

as part of the “Integrated Plan for the Environment.” Two retrofit options are being investigated. 

The first option is to re-configure the outlet structure to achieve additional water quality treatment, 

referred to as extended detention. This allows more time for sediment and attached nutrients, such 

as phosphorus, to settle out. The second option examined downsizing the outlet structure but also 

improving the infiltration rate of the basin and adding landscaping to the basin floor and berms 

including trees, shrubs and perennials. This second option improves stormwater infiltration and 

treatment but also increases the amount of maintenance that will be required in the future. 

There are about 1,500 detention basins within the city of Springfield, the vast majority of them 

privately owned and maintained. Based upon a cursory examination of these basins, it appears that 

the ones constructed between 1995 and 2005 lend themselves best to retrofitting. That is because 

these basins would be large enough to detain and treat runoff from the 90th percentile storm for 24 

to 48 hours. 178 basins were built within this time frame, with 49 of them located within the 

Wilsons Creek watershed. These basins would collectively treat runoff from 909 acres.  

Estimates of sediment and pollutant removal rates from retrofitted basins have come from two 

sources. From May 2012 to April 2015, OEWRI conducted monitoring of two basin retrofits in 

the city of Springfield—one at Drury University, the other at Missouri State University (OEWRI, 
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2015a). Basins were monitored for 22 to 26 months prior to the retrofits, and for 7 months after. 

This study concluded that retrofitting decreased TSS loads from 70 to 78% and TP loading from 

66-75%. For its study of the effects of basin retrofits, the city of Springfield used the Center for 

Watershed Protection’s Urban Stormwater Retrofit Practices CWP Manual 3 (August 2007) to 

determine pollutant removal capabilities. Using the CWP’s stated removal efficiencies, the 49 

basins in the Wilsons watershed, if totally retrofitted, should collectively be able to remove about 

275 pounds of phosphorus per year.  

However, data collected by OEWRI on the two basins actually retrofitted indicated that retrofitted 

basins in the geologic, topographic and developmental conditions found in Springfield should 

remove an average of 1.1 pounds of TP, 4.4 pounds of TN, and 2,112 pounds of sediment per acre 

treated. The average TP removal efficiency from the CWP data was over 10 pounds per acre 

treated. For the purposes of this plan, the more conservative estimates derived from the OEWRI 

data were used, since these should be more relevant to the actual soil and site characteristics of the 

Springfield urban area. Using the OEWRI data, and assuming that 20 basins will be retrofitted 

over 20 years with an average drainage basin size of 3 acres; and assuming that the larger basins 

within “hot zones” will be targeted in the implementation strategy, the total removal of TP 

expected over the 20 years of the plan was 66 pounds/year. Similarly, the OEWRI retrofit treatment 

data and basin characteristics were used to calculate loading reductions for TN and sediment. The 

loading reductions and anticipated water quality benefits from retrofitting 20 detention basin are 

shown in Table 1 on page 18 and Table 9 on page 100.   

From the OEWRI modeling, the current loading of TP, TN and sediment in the Wilsons Creek 

watershed have been estimated at  68,000 pounds per year, 915,000 pounds per year, and 46.6 

million pounds per year, respectively. To meet the TMDL target concentrations in the three sub-

basins of Wilsons Creek modeled, OEWRI estimated that TP would need to be reduced by 46,600 

pounds and TN by 22,500 pounds. If in 20 years 20 basins are retrofitted and 300 acres of riparian 

area restored in the three basins modeled, these loading reductions would represent about 4% of 

the TMDL target load reduction for TP and 13% of the target load reduction for TN. Obviously, 

even with widespread applications of BMPs in the Wilsons Creek watershed, it will take many 

years to realize the TMDL target levels in headwater streams of Wilsons Creek and in Wilsons 

Creek itself. 

The non-nutrient impairments identified in Jordan Creek and Wilsons Creek have not yet been 

clearly defined, and there are no extant TMDLs related to these impairments. Therefore, these 

impairments are given a lower priority in this plan until TMDLs are written and/or pollutants more 

precisely identified and quantified.  Problems with hydrocarbon contamination in Jordan Creek 

(from Fulbright Spring), polycyclic aromatic hydrocarbons (PAHs) in urban stream sediments, and 

the other potentially impairing substances and conditions as described in the “Watershed 

Conditions” chapter of this plan (Chapter III, beginning on page 32) will be addressed initially 

through the “Integrated Plan for the Environment” currently being prepared by the city of 

Springfield, Greene County and City Utilities of Springfield, with the support of MoDNR and 
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EPA. When approved by all parties, the Integrated Plan will become an integral part of this 

watershed-based plan. If specific impairments or TMDLs are in effect in the future, this plan will 

be modified to include management measures and programs to address those impairments.  

The success of the plan will be evaluated in two primary ways—through further tweaking and 

enhancement of the SWAT modeling capabilities, and through more focused water quality 

monitoring and more accurate load calculations and load reduction estimates in the future. More 

accurate load determinations may depend on the addition of flow gaging stations on Wilsons Creek 

below the Springfield Southwest Clean Water Plant, and possibly on additional gaging stations on 

the headwaters of Wilsons Creek.  Secondary measures of the success will include the number and 

size of management measures implemented or riparian zones under permanent protection. The 

management measures to be implemented and the meeting of milestones and timeframes are 

outlined in Table 1 the Introduction. 
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Chapter I – Introduction 
 

Scope and strategy of plan 

 

The purpose of this plan is to update and modify the existing Middle James River Sub-basin plan 

into a Wilsons Creek Watershed-based plan. The goals, objectives and action steps contained in 

the original Middle James River Sub-basin Plan will be evaluated and updated. This plan outlines 

a strategy of goals and action steps for further restoring and protecting water quality in the Wilsons 

Creek watershed of the Middle James River Sub-basin. Restoration is needed for surface waters 

that do not meet Missouri’s state water quality standards. Protection is needed for waters that 

currently meet water quality standards, but are threatened by existing and/or potential sources of 

pollution and therefore are in need of protection from future degradation. The strategy embodied 

in the plan is to deliver a stakeholder-derived document that updates the current plan, focuses 

planning efforts on the highly urbanized Wilsons Creek Watershed, and guides future efforts to 

improve water quality in the watershed. The plan will also serve as a reference document for 

organizations and agencies having responsibility for seeing that the goals and objectives in the 

plan are met.  

The process of developing this updated and re-focused plan was driven by a large group of 

stakeholders representing diverse backgrounds and interests. The original plan was developed over 

two years through a series of focused meetings held in the Middle James River sub-basin. The plan 

that has been developed for the Wilsons Creek Watershed is meant to be a “living” document, in 

that changes will most likely be needed in the future as conditions change or as new information 

becomes available. Adjustments may also be required to meet newly identified needs or to address 

new water quality problems that may arise. This plan update includes adjustments that have 

become necessary in the period from 2010 until the present, as additional water quality and BMP 

monitoring has occurred and modeling has been performed, providing better estimates of BMP 

performance and the effects of these measures on pollutant loading reductions.  

This watershed-based plan update will prove valuable for identifying and quantifying pollutant 

sources, identifying BMPs to be implemented to reduce non-point source (NPS) pollution, setting 

reasonable and realistic timelines for implementing BMPs, and establishing evaluation and 

monitoring programs to determine the success of implemented BMPs, projects and programs. 

Having a clear, reasonable and straightforward plan will help to ensure the success of future 

watershed projects and determine where future efforts need to be focused. The plan should also 

assist other organizations, agencies and public entities in their water quality related efforts and 

provide insight for the creation of realistic budgets for future watershed projects. In effect, the plan 

should act as a road map to prioritize efforts for reduction of NPS pollution in the Wilsons Creek 

Watershed and, ultimately, improve the quality of all the water resources throughout the James 

River Basin. 
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The plan is laid out in chapters corresponding to action steps in its development. Since this 

document will serve to some extent as an “update” to an existing plan developed in 2010, the 

history of the planning effort to date will be discussed in the Introduction. This discussion includes 

goals that were set during the initial stakeholder meetings and discussions of what types of BMPs 

were recommended for implementation, and why. Also in the Introduction will be a brief 

description of the goals and objectives of this plan update, and why these may have changed 

somewhat from the original 2010 plan. The last section of the Introduction will include a brief 

description of the nine elements of watershed planning as outlined by EPA. For clarity, this section 

will then refer the reader to the chapter of the plan where these elements of watershed planning 

have been addressed. 

Subsequent chapters will discuss the setting of the Wilsons Creek Watershed, an updated 

assessment of the water quality conditions and impairments identified in the watershed, the 

identification of critical areas and target areas for BMP implementation, the types of BMPs that 

will be needed to meet water quality goals, the new action plan for meeting the target goals, the 

costs of implementing the needed BMPs and potential sources of funding, and finally, how 

progress toward fulfilling the goals and objectives of the plan will be evaluated. 

 

History of Planning Process 

 

The establishment of a nutrient TMDL in the James River in 2001 called for the initiation of a 

planning process in order to address the problem of excessive loading of nutrients to the river. 

The JRBP, a non-profit 501-c-3 organization, facilitated the development of the original Middle 

James River Sub-basin Management Plan, completed in 2010. The James River Basin (HUC 

8-11010002) is large and complex, with a wide variety of land-uses and watershed conditions. 

In order to facilitate the development of more useful, focused and specific watershed plans for 

all parts of the basin, it was divided into six Sub-basins: The Upper James, Middle James, 

Finley, Lower James, Flat Creek, and James River Arm of Table Rock Lake.  

 

Because the Middle James River Sub-basin was previously identified as the most highly 

nutrient-impacted portion of the basin, and was also the most developed and urbanized portion 

of the basin, it was chosen as one of the first two Sub-basins in which to initiate the planning 

process, the other being the Finley River. Sub-basin plans were developed through a 

stakeholder driven process that included input from a group of stakeholders from various 

backgrounds representing a wide diversity of interests. (The list of stakeholders is included as 

Appendix I. 

  

Stakeholders met four times during the planning process, from November 2006 through May 2007. 

First, a preliminary stakeholder committee meeting was held to go over what a watershed 
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management plan should contain, and to broadly discuss issues and concerns. At this meeting 

resource professionals presented background information to the stakeholders on land use, 

population growth trends, potential management practices, demographics, waterbody conditions 

and water quality standards. The James River Basin TMDL report, other water quality studies, and 

information on pollutant sources, both point and nonpoint, were also presented and discussed. 

Stakeholders then discussed what types of data should be collected for further analysis. 

At the second stakeholder meeting, concerns were further discussed and revised based on the 

information presented. Preliminary goals were then developed. At the third meeting, these 

preliminary goals were refined and more specific objectives and targets were established. These 

included more detailed management objectives with specific target values. Stakeholders reviewed 

existing programs and policies, discussed new management options, prioritized areas where 

additional efforts were needed and determined if practices could produce quantifiable nutrient load 

reductions. In addition, the stakeholders developed lists of management activities and proposed 

BMPs and milestones for the watershed management plan. An estimation of financial and technical 

needs was developed as part of the working document for review by stakeholder committees. A 

fourth stakeholder committee meeting was held to review the draft watershed management plan 

and finalize the document.  

 

Water quality improvement goals developed by the stakeholders fell into short-term goals, those 

that could be achieved in less than 5 years, and long term goals, which would be more feasibly 

achieved in 5 to 10 years. The plan’s goals were clearly and simply stated, as they were intended 

to encourage participation by the public, thereby increasing the plan’s chances for success. 

Stakeholders stressed that the plan was meant to be revised and changed over time to reflect 

changes in water quality status, watershed population, land-use dynamics and emerging water 

quality concerns. 

 

In order to achieve the goals and milestones developed in the original plan, stakeholders decided 

that more specific action steps were needed. The Stakeholder Committee decided to focus the plan 

on a few goals that they considered the most important and/or readily attainable, rather than trying 

to address all of the water quality problems in the watershed at the outset. Based on their 

knowledge and assessment of impairments caused by the prevalent land-uses and population 

growth patterns in the sub-basin, the stakeholders developed two primary water quality concern 

statements that they felt captured the most serious problems in the sub-basin. Stakeholders then 

drove the discussion toward what types of activities would be needed to address the identified 

concerns. This approach was meant to simplify the plan and produce a document that could be 

easily understood and used by watershed residents as wells as by urban planners and watershed 

professionals. 

   

The committee decided to focus their attention on two primary action steps: 

1) Reduce stormwater run-off from older pre-BMP and new developments 

2) Reduce erosion and sediment across the watershed from old and new 
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developments 

In order to create realistic and measurable goals for the plan, current nutrient loading estimates 

and potentially feasible load reductions were presented by OEWRI. These loading estimates were 

based on current land uses. The full explanation for the load estimating process and findings can 

be reviewed in Appendix II. Load reduction estimates were based on the proposed BMPs 

developed by the stakeholders for the Middle James River Sub basin and were focused primarily 

on NPS of nutrients from urban areas.  

 

After receiving nutrient loading calculations and load reduction estimates from OEWRI, 

stakeholders stated that they wished to achieve a 25% load reduction goal. This goal initially had 

no time frame for achievement, but seemed to be a conservative target, and was thought to be 

achievable using current management practices and technologies. However, loadings estimates 

from OEWRI based on this recommended reduction goal suggested that even if 100% of the urban 

area was treated with BMPs, the TMDL target concentration would not be met (Figure 1). One 

major problem was that little information was available about actual load reductions from BMPs 

installed in the unique soil and geologic conditions characteristic of the Ozarks (described on pp. 

29-31 of this plan), as opposed to some other areas of the country where BMP performance has 

been more thoroughly evaluated.  

Due to the lack of specific BMP pollutant removal information, BMP reductions of 30%, 40%, 

and 50% were modeled by percentage of urban land treated. This allowed managers the ability to 

forecast reduction scenarios based on BMP performance and the anticipated amount of land to be 

treated. Model results from each scenario can be seen in Figure 1. This chart shows average TP 

concentration with an estimated BMP efficiency plotted against the percentage of treated urban 

area. In this way, the average concentration that would be achieved and its relationship to the 0.075 

mg/L TP TMDL target concentration could be determined. For example, this chart shows that if 

the BMP was able to reduce TP loads by 50%, then 70% of the urban area would need to be treated 

in order to meet water quality target concentration of 0.075 mg/L. 

These results suggest mitigation of NPS of TP from urban areas can reduce annual TP loads, but 

these BMPs should be considered only part of the solution. These reduction estimates were also 

made with the assumption that point sources within the basin will continue to have static outputs 

of nutrients, which may or may not hold true. Results from these scenarios showed that more 

effective BMP performance would result in more manageable amounts of urban land that would 

be need to be treated in order to meet TMDL targets. Expanding the watershed planning process 

to include other land use categories to receive BMPs was also considered. The stakeholder 

committee suggested that this might in fact be more productive in reaching water quality goals in 

the future. 
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Figure 1: TP Concentrations and Percentage of Land Treated vs. BMP Efficiency 

Stakeholders suggested that in order to protect and improve water quality of the Middle James 

River Sub-basin, BMPs would need to become much more widely understood and applied through 

education, voluntary adoption and regulatory enforcement. The group developed a list of BMP 

types that they felt would be needed to reduce nutrient loadings from urban nonpoint sources: 

1. Soil erosion prevention on construction sites and new developments through the use of 

runoff retention, vegetation, effective silt retention fences and minimal soil disturbance. 

2. Provide education on low-impact development practices to prevent non-point source 

pollution. 

3. Riparian corridor restoration and soil retention through planting of trees and shrubs and 

maintenance of natural vegetative cover along river and stream banks. 

4. Prevention of commercial and business nutrient runoff through education and 

constructed rain gardens, detention basins and bioswales. 

5. Reduction of nutrient runoff from residential lawns through soils tests, fertilizer 

application plans, rain gardens and detention basins. 

6. Work with city and county regulatory bodies to change ordinances and enforce BMPs 

for development. 

7. Gradual remediation of failing residential onsite wastewater treatment systems through 

both education/incentives and regulation such as time-of-sale inspections. Connecting homes to 

sewer systems would offer another option for reducing loading from onsite systems. 
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Based upon the available BMP information and these broad goals, the stakeholder committee 

determined that specific objectives would be developed aimed at reducing the volume of 

stormwater runoff from developed areas. These objectives would build upon existing programs 

and partnerships, such as those between watershed organizations (particularly in the area of 

education), responsible management entities (especially stormwater management entities already 

addressing urban runoff, such as Greene County, Christian County, Springfield, Ozark, Nixa and 

Republic), and natural resource agencies (e.g. NRCS, Soil and Water Districts, MoDNR, Missouri 

Department of Conservation (MDC)).  

 

JRBP was directed to continue working with partners such as local cities and counties in the 

promotion and adoption of better practices such as rain gardens, rain barrels, bioswales and low-

impact development. Agencies and organizations would also work together to strengthen 

ordinances requiring sediment and erosion control for construction sites and water quality 

measures for runoff from developed areas. Watershed organizations such as the JRBP would play 

a continuing role in the education and training of engineers, landscapers, inspectors and contractors 

in the areas of stormwater quality improvement and low-impact development. BMPs focusing on 

streambank stabilization and riparian zone protection and restoration would be stressed as part of 

land development and water quality protective strategies. The stakeholder committee then 

developed lists of preferred BMPs to help meet these objectives.  

 

Using a STEP model, OEWRI developed a map showing the priority areas for BMP 

implementation (Figure 2). These priority areas are mainly located within rapidly developing areas 

of the sub-basin and along urban and urbanizing streams. It should be noted that the “priority 

areas” for BMP implementation developed for the 2010 plan do not correspond to the “critical 

areas” identified by modeling as part of this plan update.  Where possible, incentives were 

suggested in the 2010 plan as ways to encourage application of BMP’s by area stakeholders. 

However, areas within the jurisdiction of stormwater management entities now require the 

installation of some of the BMP types identified in the 2010 plan, through the applications of 

National Pollutant Discharge Elimination Systems (NPDES) stormwater permits. The installation 

of these BMPs, although now required in some places by permits and ordinances, will help to meet 

the goals and milestones contained in the original NPS watershed plan. 

 

Since 2010, most of the action steps identified in the original plan have been placed into practice. 

These practices are fully described in Chapter V, “Management Measures.” Many entities have 

contributed time, effort and funding to the completion of goals and milestones from the 2010 plan. 

For the purposes of preparing a plan update focused on the Wilsons Creek Watershed, the JRBP  

assumed responsibility for determining how well stakeholder groups, organizations and agencies 

have progressed toward the meeting of milestones developed during the original planning process. 

In order to evaluate the benefits and challenges of implementing the water quality BMPs listed as 

goals in the orignal plan, JRBP staff members in 2015 and 2016 met with representatives of the 

major stake-holder groups, including both urban and agricultural resource managment entities. 
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During these meetings, discussions were held on the programs and practices now being 

administered and the challenges encountered in the implementaiton of these or additional BMPs.  

 

This update will not only review the progress toward the fulfillment of the 2010 goals, but will 

also provide a forum for discussions of challenges and obstacles discovered during the efforts to 

meet the original goals. It will also provide a framework for re-defining goals for the plan update 

and for developing projects and programs for future water quality improvements in the basin.  

Based on preliminary SWAT modeling by OEWRI of the Middle-James River Sub-basin, it was 

determined that Wilsons Creek, a rapidly urbanizing watershed within the Sub-basin, was 

contributing a disproportionate share of pollutants to the James River, and therefore this watershed 

should be the focus of planning and restoration efforts. Therefore, the basis for this watershed-

based plan became directed toward the Wilsons Creek Watershed element within the sub-basin. 

 

Goals and Objectives of Plan 

 

The overall goals of this watershed-based plan update are to (1) improve the quality of impaired 

waters within the Wilsons Creek Watershed, working in concert with the Springfield-Greene 

County Integrated Plan for the Environment, to improve overall water quality in the James River  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Priority Areas Identified in the 2010 Plan 
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Basin, (2) guide the implementation of future programs and practices in ways that address 

impairments most efficiently and effectively, and (3) provide direction for multiple agencies, 

organizations and political entities as they apply measures to improve water quality. More specific 

goals and objectives have also been developed in order to ensure success in meeting the three 

overarching goals stated above. These goals and the objectives of the watershed-based plan update 

are shown in the following table (Table 1), along with milestones to be measured in meeting the 

objectives. It should be mentioned that the achievement of the TMDL target levels established in 

the James River for nutrients are likely not achievable in Wilsons Creek and its tributaries. Rather, 

the goal is to reduce nutrient loading in Wilsons Creek and its tributaries in order to help achieve 

the James River TMDL nutrient concentration goals.   

 

Primary Goal Objective Milestone/Schedule Water Quality 
Improvement Goal  

Improve water quality in 

the targeted sub-basins; 

reduce sediment by 

8.7%, TP by 2.2%, and 

TN by 0.26% in the 

Wilsons Creek 

watershed as measured 

at the Brookline gage  

within 20 years 

 

 

 

 

 

 

 

 

Develop overlay map of 

restoration opportunity areas 

(ROAs) where management 

practices can be inserted 

Within 1 year (2017) 

 

 

 

 

 

 Reduce sediment loading by 

4,040,300 lbs./yr  

Within 20 years  

 

 

 

 

 Reduce concentration 

of sediment from 

current level of 321 

mg/l to 293 mg/l (see 

Table 11, page 103) 

Reduce  TP loading by  by 

1,470 lbs./yr. 

Within 20 years  

 

 

 

 

Reduce concentration 

of TP from 0.470 mg/l 

to 0.459 mg/l (see 

Table 11, page 103) 

Reduce TN loading by 2,346 

lbs.yr. 

Within 20 years Reduce concentration 

of TN from 6.31 mg/l 

to 6.28 mg/l (see Table 

11, page 103) 

Detention basin retrofits 

 

 

20 retrofits located within 

“hot zones” (shown in red 

in Figure 21) within 20 

years (2036) 

Reduce sediment by 

126,700 lbs/yr, TP by 

66.0 lbs/yr, and TN by 

265.0 lbs/yr (see Table 

Y) 

Riparian easement protection, 

enhancement and restoration 

300 acres of riparian zone 

restored and/or protected 

within 20 years (2036) 

 Reduce sediment by 

3,900,000 lbs/yr, TP by 

1,410 lbs/yr, and TN by 

2,100 lbs/yr. (See Table 

Y) 

Tree planting and 

revegetation 

 

5,000 new trees planted in 

“hot zones” and riparian 

areas within 10 years  

 

Removal of impervious areas 

 

Impervious area reduced 

by 5 acres in 10 years 

(2026) 
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Facilitate sustainable 

development by working 

with residents and 

cities/counties on 

allowing/promoting 

green development 

practices 

 

 

 

 

 

 

Engage private property 

owners in better practices, 

especially nutrient 

management, rain gardens 

and rainwater harvesting 

 

 

1,000 residential or 

commercial plans for soil 

testing, fertilizer use, 

rainwater harvesting 

and/or rain gardens 

implemented within 10 

years (2026) 

 

Work with cities to 

incorporate ordinances 

encouraging green 

infrastructure practices 

2 responsible 

management entities with 

new or enhanced 

ordinances within 5 years 

(2021) 

 

Work with cities to secure 

dedicated, long-term funding 

for stormwater management 

Help to secure sustainable 

funding for at least one 

community within 5 years 

(2021) 

 

Improve understanding 

of water quality  

conditions and pollutant 

sources, and evaluate 

effects of management 

measures 

 

Improved SWAT modelling 

 

 

 

Improve and re-run 

SWAT model within 5 

years (2021) 

 

 

 

 

Long-term water quality 

monitoring; use existing 

monitoring programs to the 

extent possible 

Develop more focused 

monitoring to refine the 

modelling of “hot zone” 

locations, loading rates and 

loading reductions 

Evaluate water quality 

and loading in targeted 

sub-basins annually or at 

a minimum of every 3 

years 

Install 2-3 additional 

gaging stations in the 

Wilsons Creek watershed 

within 2 years (2018) 

 

 

 

 

 

 

 

Develop and manage water 

quality database as a central 

repository of data for the 

watershed 

Develop database 

framework and populate 

it with existing, readily 

available data within 1 

year. Update database at 

least annually 

 

Develop evaluation tools to 

measure the effectiveness of 

education and outreach 

Develop effective 

evaluation tools within 1 

year (2017) 

 

Develop and implement tools 

to identify and prioritize 

sources of nutrients, sediment 

and effective solutions 

Develop tools within 1 

year; identify priority 

sources, evaluate one or 

more potential solutions 

within 2 years (2018) 

 

 

Table 1: Goals, Objectives, Milestones and Load Reductions, Wilsons Creek Watershed 
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In order to achieve these goals and objectives, the plan will establish a process and plan for 

implementing BMPs in the watershed, and will encourage and support the wider adoption of 

specific water quality BMPs that are considered the most cost-effective for reaching the stated 

overall goals and objectives. To some extent, this will be a change from the original 2010 plan, 

which was developed with less information about the performance of specific BMPs and using an 

older modelling procedure. In practice, some of the BMP types stressed in the original plan have 

not proven to be as effective at improving water quality as originally envisioned. Economic 

conditions have also changed in the interim period, which has affected the development process 

and so, to some extent, the process of urban BMP implementation. 

Since 2010, JRBP personnel have held discussions with stakeholders about the performance and 

effectiveness of the BMPs recommended in the original 2010 plan, as well as problems that have 

been encountered in administering BMP programs and barriers to wider implementation of BMPs. 

For this reason, some of the stated BMP “goals” from the 2010 plan have been revised in this 

update. The installation of rain gardens, for example, will be retained as an objective in this plan, 

but not as a primary BMP for water quality improvement unless certain conditions are met. 

Monitoring by OEWRI of the performance of rain gardens in one residential subdivision indicated 

very little runoff volume reduction or water quality improvement. These 17 gardens collectively 

received only about 2% of the subdivision’s runoff. Obviously, if rain gardens had treated a larger 

portion of the subdivision’s runoff, results would differ. However, it may not be an effective 

strategy to use public funding to install rain gardens on individual properties unless they are all 

constructed as parts of an integrated “treatment train” in the runoff management plan of a given 

project. This money might be better used for retrofitting large regional detention basins into water 

quality basins, which have been shown by monitoring to provide greater volume reduction and 

water quality benefits than individual rain gardens. 

Rain barrel programs are another “goal” identified in the original 2010 plan. Rain barrels are in 

demand by the public and are a great educational tool, but at individual sites do little for stormwater 

volume reduction or water quality improvement. In spite of this, rain barrel programs contribute 

greatly to citizen education and involvement. The idea of using rainwater rather than drinking 

water for some household uses contributes to an enhanced ethic of water conservation. Contacts 

made through rain barrel programs are also often the first step in an ongoing relationship between 

landowners and watershed organizations and resource agencies. For this reason, the JRBP is now 

administering a rain barrel rebate program.   

Large cisterns, as opposed to rain barrels, could provide measurable effects on stormwater volumes 

if widely applied. Using harvested rainwater for landscape watering is a first priority in 

establishing the practice, particularly in commercial or institutional settings. Another use for 

harvested water gaining wider attention and application in both commercial and residential 

settings, and which is now allowed by changes in city codes, is for flushing toilets.  For these 

reasons, rainwater harvesting will still be promoted and supported in this plan update, and 

watershed organizations and resource agencies will be encouraged to offer technical and financial 
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assistance, potentially through additional cost-sharing programs. However, for purposes of load 

reduction calculations, rainwater systems will not be included. These and other specific BMP-

related objective will be further discussed in the chapter on BMPs (Chapter V). 

Since the 2010 plan was developed, all of the stormwater management entities in the Wilsons 

Creek Watershed (Greene County, Christian County, Springfield, Republic, Ozark and Nixa) now 

require some type of water quality BMPs for new development. There are still no requirements for 

BMPs on existing development in these jurisdictions, although the city of Springfield has placed 

requirements on re-development. Most of these stormwater-related activities fall under 

requirements of NPDES permits, although specific regulatory requirements differ among entities. 

Therefore, a goal in the original plan that called for “mandatory BMPs on all new development” 

has largely been met. 

Some of the local stormwater management entities have also been actively involved in buying 

floodplain and sinkhole properties, but mainly to prevent property damage from flooding. In some 

cases, these floodplain or sinkhole properties contained structures that were subsequently removed 

and in most cases, riparian or sinkhole buffer areas were revegetated and restored. These actions 

help to meet a “goal” of the 2010 plan to “acquire and preserve undeveloped riparian corridor, 

floodplain and sinkhole properties.” These buyouts will continue to be encouraged as a good use 

of public funds for water quality protection and restoration. However dedicated, long-term sources 

of funding for property acquisitions, as well as for routine inspection and maintenance programs, 

was consistently identified by responsible management entities as a critical need. 

Local stormwater management entities are on the “front line” in terms of installing measures that 

will improve runoff quality from developed and developing areas. Most of the urban area in the 

watershed is within the jurisdiction of one of these management entities, which typically require 

management measures rather than relying on voluntary adoption of BMPs. Therefore, goals in this 

update have shifted somewhat from “mandating” urban BMPs to helping existing jurisdictions 

administer programs that provide the most cost-effective management measures in terms of 

reducing targeted pollutants, and also helping responsible management entities secure dedicated, 

long-term sources of funding for stormwater management programs. 

The objective-setting process embodied in this plan has been driven largely by new monitoring of 

BMP performance, new estimates of BMP costs, and the pollutant reduction modelling performed 

by OEWRI as part of this planning effort. Overlaying the SWAT modelling data identifying “hot 

spot” critical areas within watershed sub-basins with local urban geographic information system 

(GIS) mapping showing detention facilities and riparian zone conditions will help to target 

management practices to where they will be the most cost-effective at pollutant removal. Specific 

BMP objectives and load reduction goals and strategies will be discussed in the chapter on Critical 

Areas, Target Areas and Load Reductions Methodology. 
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The Nine Elements of Watershed Planning 

 

The USEPA has identified nine elements that are critical to the development of a successful 

watershed management plan. These elements are listed below. Under each element, the reader can 

find the part of this plan update that addresses that element. In this way, readers can easily 

determine how well this plan addresses each of the elements. 

A. Identify the causes and sources or groups of similar sources that will need to be controlled 

in order to achieve the load reductions estimated in this watershed-based plan (and to 

achieve any other watershed goals identified in the watershed-based plan, as discussed in 

number 2, below. Sources that need to be controlled should be identified at the significant 

subcategory level with estimates of the extent to which they are present in the watershed. 

General watershed information and HUC information is discussed in the Executive 

Summary and in Chapter II, “Watershed Setting.” The list of 303(d) listed streams and 

reasons for listing are found in Chapter III, “Watershed Conditions.” Discussions of 

TMDLs in the watershed and pollutants addressed are found in Chapter III, “Watershed 

Conditions.” The identification of point sources and their impacts are found in Chapter III, 

“Watershed Conditions.” NPS sources of pollution that are addressed in the plan are found 

in Chapter III, “Watershed Conditions.” The current loads for all pollution sources being 

addressed are found in Chapter III, “Watershed Conditions.” Streams that need protection 

and impacts threatening them are found in Chapter III, “Watershed Conditions.”  

B. Estimate the load reductions expected for the management measures described under 

number 3, below, recognizing the natural variability and the difficulties in precisely 

predicting the performance of management measures over time. Estimates should be 

provided at the same level as in number 1, above. The load reductions needed to meet 

designated uses in impaired streams are found in Chapter III, “Watershed Conditions” and 

in Chapter IV, “Critical Areas, Target Areas, and Load Reductions Methodology.” The 

source of load reduction information is from the James River TMDL, discussed in Chapter 

III, “Watershed Conditions.” from preliminary modeling by OEWRI found in Chapter 1, 

“Introduction,” and from Chapter VI, “New Action Plan.” The load reduction expected 

from the BMPs and the ability of these reductions to meet water quality standards are 

discussed in chapter VI, “New Action Plan.”    

C. Describe the NPS management measures that will need to be implemented to achieve the 

load reductions estimated under number 2, above, as well as to achieve other watershed 

goals identified in this watershed-based plan, and an identification (using a map or 

description) of the critical areas in which those measures will be needed to implement the 

plan. The BMPs and management measures needed to be implemented to achieve water 

quality goals are discussed in Chapter VI, “New Action Plan.” Critical areas have been 

identified and mapped by OEWRI. This information is found in Chapter IV, “Critical 

Areas, Target Areas and Load Reductions Methodology.” Watershed areas have been 

prioritized for implementation. This information is found in Chapter IV, “Critical Areas, 
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Target Areas etc.” BMPs have been critically targeted to produce the greatest 

improvements in water quality. This information is found in Chapter V, “Management 

Measures.” The projected BMPs have been quantified, and this is found in Chapter VI, 

“Management Measures.”  

D. Estimate the amounts of technical and financial assistance needed, associated costs, and/or 

funding sources and authorities that will be relied upon, to implement this plan. As sources 

of funding, states should consider the use of their Section 319 programs, State Revolving 

Funds, USDA’s Environmental Quality Incentives Program (EQIP) and Conservation 

Reserve Program (CRP), and other relevant federal, state, local and private funds that may 

be available to assist in implementing this plan. Estimates of planning and implementation 

costs of BMPs are found in Chapter VII, “Financial and Technical Assistance.”  

Information on how these cost estimates were determined are found in Chapter VII, 

“Financial and Technical Assistance.” Potential funding sources for BMPs and 

management programs are found in Chapter VII, “Financial and Technical Assistance.”   

E. Include an information/education component that will be used to enhance public 

understanding of the project and encourage their early and continued participation in 

selecting, designing and implementing the NPS management measures that will be 

implemented. Strategies to inform and engage stakeholders from the original plan are 

discussed in Chapter V, “Management Measures” and in the plan update in Chapter VI, 

“New Action Plan.” A discussion of the evaluation process for educational activities is 

found in Chapter VI, “New Action Plan.”  

F. Develop a schedule for implementing the NPS management measures identified in this 

plan that is reasonably expeditious. The schedule for implementing the BMPs and 

management measures is found in Chapter VI, “New Action Plan.”   

G. Provide a description of interim, measureable milestones for determining whether NPS 

management measures or other control actions are being implemented. Milestones for 

anticipated completion of implementation measures is found in Chapter VIII, “Evaluations 

of Watershed Plan Implementation and Water Quality Improvements.” A description of 

how those who are implementing the plan can evaluate progress is found in Chapter VIII, 

“Evaluations of Watershed Plan, etc.”   

H. Develop a set of criteria that can be used to determine whether loading reductions are being 

achieved over time and substantial progress is being made towards attaining water quality 

standards and, if not, the criteria for determining whether this watershed-based plan needs 

to be revised or, if a TMDL has been established, whether the TMDL needs to be revised. 

This is found in Chapter VIII, “Evaluations of Watershed Plan Implementation and Water 

Quality Improvements.” 

I. Provide a monitoring component to evaluate the effectiveness of the implementation efforts 

over time, measured against the criteria established under number 8, above. This is found 

in Chapter VIII, “Evaluations of Evaluations of Watershed Plan Implementation and Water 

Quality Improvements.” 
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Chapter II—Watershed Setting; Wilsons Creek Watershed of the Middle 

James River Sub-basin 

 

(This Chapter addresses primarily Element A, the identification and sources of impairment, including the 

applicable HUC information) 

 

The James River drains a portion of the Springfield Plateau, a 10,300 square mile subarea of the 

Ozark Physiographic Province. The headwaters of the James River originate at just over 1740 feet 

above sea level in Webster County, Missouri and the river then flows generally southwesterly 

through Greene, Christian and Stone Counties to its outlet in Table Rock Lake south of Galena, 

Missouri (Figure 3). There are approximately 289 miles of streams with permanent flow in the 

basin, 74 miles of intermittent streams, and numerous losing streams, particularly in the central 

part of the basin. Streams in the basin are characterized by narrow valleys, rock and gravel 

substrates and relatively high gradients. Karst topography is prevalent in the basin, with numerous 

caves, sinkholes and losing streams. 

The James River Basin covers approximately 931,050 acres (1,455 square miles), including 

portions of eight counties (Stone, Christian, Barry, Lawrence, Greene, Webster, Wright, and 

Douglas). Major land uses in the basin include agriculture, forestry and urban and suburban 

development. Land-uses change significantly from the upper, easternmost end to the lower, 

southwestern end of the basin (Figure 4). Agricultural uses, primarily cattle on pastures 

interspersed with small patches of timber, predominate in the upper basin. In the middle section of 

the sub-basin near the cities of Springfield, Ozark and Nixa, urban and suburban uses predominate.  

About fifteen miles south of Nixa agricultural uses predominate again and continue southward. 

Near Table Rock Lake, forests on steep slopes and low-density residential uses are the most 

prevalent. 

The Middle James River Sub-basin (10 digit HUC 110100002) encompasses an area of over 

129,141 acres (202 square miles) in the central portion of the James River Basin (Figure 5). Within 

the Middle James River Sub-basin is the Wilsons Creek Watershed (11 digit HUC 11010002030). 

Within this watershed is the most urbanized area of the James River Basin, including almost 90% 

of the metropolitan area of Springfield. Portions of several rapidly growing communities, 

including the second and third largest cities in the basin, Nixa and Ozark, are also within this 

watershed. Springfield, the largest urban center in the Wilsons Creek watershed and the James 

River Basin, has a population of about 160,000 (2010 census). Significantly, rapid growth is also 

occurring outside of the major cities. The two counties containing the Wilsons Creek Watershed, 

Greene and Christian, are among the fastest growing in the state. Projections of growth from 2000 

to 2030 range from 37.2% in Greene County to 141.4% in Christian County (Missouri Office of 

Administration, 2013). 
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Figure 6 shows the population density in people per square mile from the 2010 census. High and 

low-density urban land-uses dominate in the areas around Springfield, Republic, Nixa and Ozark. 

Headwater areas are largely urbanized, in contrast with the James River Basin as a whole. The 

highest population densities are in the downtown areas of Springfield and Republic, with densities 

decreasing gradually outward from these urban centers. Population changes between the 2000 and 

2010 censuses, however (Figure 7), show that the greatest proportional increases in population in 

the sub-basin have occurred to the west and southwest of Springfield, west of Nixa in Christian 

County, and north of Ozark in Christian County. These high growth areas indicate sections of the 

sub-basin where land disturbance and development activities are currently concentrated and 

continuing at a rapid pace. 

  

 

Figure 3: James River Basin and Sub-basins 
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Figure 4: Land-use/Land cover in the James River Basin 

  

Figure 5: The Middle James River Sub-basin 
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The national economic slowdown beginning in 2008 changed development patterns in the Wilsons 

Creek Watershed significantly. New housing starts slowed dramatically. According to planning 

and development professionals, these changes also affected the pace and quality of the 

development review and approval processes. Many development professionals in the fields of 

engineering and development design, for example, no longer had sufficient work and sought 

employment elsewhere. As a result, in recent years, as the pace of development increased again, 

plans received by local planning and development agencies were prepared by persons with less 

experience, and therefore were often of less than desirable quality. This situation has required some 

“re-education” on the part of development agencies related to what is expected in plans as far as 

water quality measures are concerned.      

Population increases will likely continue into the future, further changing land-use characteristics 

and hydrologic and pollutant loading dynamics. Growth of the counties and communities has 

greatly increased demands on the river for drinking water and wastewater assimilation, including 

both publicly owned treatment works as well as onsite waste water systems. The James River is a 

major recreational resource, a very popular fishing and canoeing stream, and recreational uses 

continue to increase. Growth and development, as well as recreational uses and agricultural 

practices, have placed stresses on the quality of surface and groundwater from polluted runoff and 

onsite wastewater infiltration as well as leaks and spills of toxic and hazardous substances. 

 

 

Figure 6: Population Density in the Middle James River Sub-basin 
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Figure 7: Population Change in the Middle James River Sub-basin 

In the Middle James River Sub-basin and Wilsons Creek Watershed, agricultural land is rapidly 

being converted to urban uses (Figure 8). For many years, this has led to concerns related to the 

increasingly detrimental effects of stormwater runoff.  Runoff can create hydrologic changes that 

are detrimental to streams, including bank erosion, channel destabilization and widening and 

downstream sedimentation. Runoff can also become polluted with a variety of materials deposited 

in the urban environment. NPDES stormwater permits for Springfield, Ozark, Nixa and Greene 

and Christian counties are now directed toward protecting rivers and streams in the basin from the 

effects of urban runoff. Outside of urban areas, in the southern and western portions of the sub-

basin, grass and pasture land-uses still predominate, interspersed with small areas of cropland. 

High density forest cover is found primarily along streams and in the southernmost portion of the 

sub-basin. 

Major tributaries of the James River located within the Middle James Sub-basin are Wilsons Creek 

and Terrell Creek. Terrell Creek is located southwest of the Springfield urban area and has a 

watershed that is largely in agricultural uses. Limited water quality monitoring in Terrell Creek 

indicates that water quality remains generally good. Wilsons Creek is of importance as it is the 

receiving waterbody for Springfield’s Southwest Clean Water Plant (SCWP), the largest 

discharger of wastewater in the sub-basin and in the entire James River Basin. Wilsons Creek is 

on the 303(d) list for both point source and urban non-point source pollution. Several smaller urban 

streams in the Wilsons Creek Watershed including South Creek, Fassnight Creek and Jordan 

Creek, are also negatively influenced by stormwater runoff.  
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Figure 8: Land-use/Land Cover in the Middle James River Sub-basin 

 

Geology and Soils 

 

The Wilsons Creek Watershed lies primarily in the Springfield Plain physiographic province. This 

region is underlain for the most part by Mississippian age limestone, with deeper and older units 

of dolomite and shale (Figure 9). Rivers and streams in the James and Finley river headwater 

areas, and in the lower James River, have incised into the older, underlying sandstone and 

dolomite units. Solutional weathering of carbonate rocks in the sub-basin leaves behind previously 

imbedded chert fragments, which from the bulk of the bed load of the area’s streams (Jacobson 

and Primm, 1994). Most of the stream beds in the watershed are comprised of chert cobbles and 

gravel, although some reaches are underlain by bedrock. 

 

Carbonate rocks of the sub-basin are fractured and subterranean openings have been enlarged 

through solution by downwardly percolating rainwater. The resulting karst topography is 

characterized by the numerous springs, caves, losing streams, and sinkholes, which act as conduits 

between surface runoff and groundwater (Petersen et al., 1995). Sinkhole formation is greatest on 
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the relatively flat inter-basin divides in the Springfield-Nixa-Ozark urban areas. These geologic 

attributes affect both the quantity and quality of water resources in the sub-watershed.  

 

Larger streams in the Ozarks are sustained through dry summer months by springs. Prolonged 

inputs of groundwater from springs provides streams with longer periods of flow than in similarly-

sized watersheds in non-karstic areas. Springs are therefore important to the sustained flows and 

the ecological functioning of streams. However, springs are easily contaminated and may also 

contribute pollutants to streams. In particular, springs input relatively high levels of nitrogen, since 

nitrogen compounds are largely soluble. This is in contrast with phosphorus, which exists in the 

environment mostly in less soluble forms that tend to adsorb onto sediment particles. 

 
Upland soils in the watershed are largely alfisols and ultisols, which formed under deciduous 

forests, mostly from residuum of local limestone (Petersen et al., 1995). Common soil associations 

in the watershed include Springfield Plain soils, such as the Tonti-Goss-Alsup and Wilderness-

Tonti series, and soil groups characteristic of the Ozark Highlands, such as the Reuter-Moko-

Clarksville series (Figure 10). These soils are moderately to strongly weathered and tend to have 

abundant residual clays such as kaolinite and illite, as well as iron and aluminum oxides. Most 

soil units in the watershed have a high potential for nutrients and other dissolved constituents to 

be leached into groundwater. The spatial distribution of soil series associations in the Springfield 

Plain reflects the geological controls in the region, primarily bedrock type. Soil properties such as 

drainage characteristics, permeability, and assimilative capacity greatly affect the quantity and 

quality of surface runoff. 
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Figure 9: Geology of the James River Basin 

 

 

 
Figure 10: General Soil Types of the James River Basin 

 

 

 

Geology and soils have long been known to contribute to the potential for pollution of ground and 

surface water in the James River Basin. Due to certain soil and geologic conditions, for example, 

onsite wastewater systems often perform poorly in the sub-basin. Where tight clay layers (e.g., 

fragipans) are prevalent, sewage infiltration rates are slowed and pollutants may leach to surface 

water. In soils that are very shallow or have high chert contents, wastewater from septic tank 

lateral fields may seep largely unfiltered into groundwater. The Wilsons Creek Watershed also 

contains some areas of highly erodible soils and areas where soils are relatively resistant to 

erosion. These highly variable characteristics of soils mean that individual site evaluations are 

necessary to ensure the proper functioning of onsite wastewater systems and other potentially 

polluting activities. 

 

Climate and Hydrology 

 

Climate for the Wilsons Creek Watershed is temperate, with an average annual temperature of 
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59
o
F and average annual precipitation of 40 inches (Adamski et al., 1995). Thirty year monthly 

average temperatures at the Springfield Regional Airport range from approximately 30
o
F in 

January to near 80
o
F in July. Monthly average precipitation starts to rise in late winter and peaks 

in late spring with 4.5 to 5 inches of rainfall in May and June. Relatively high average rainfall 

totals also occur in the months of September and November with between 4.5 and 5 inches. January 

and February receive the lowest average precipitation totals for the year with around 2 inches of 

rainfall per month. Understanding these typical peak rainfall periods will help with BMP planning. 

 

Five of the nine USGS gaging stations in the James River Basin are located in the Middle James 

River Sub-basin (Figure 11). Three of the sub-basin’s stations are on Wilsons Creek, one is on 

South Creek, and one is on the James River near Boaz at the southern end of the sub-basin. The 

James River station at Springfield, just upstream of the sub-basin, has more than 50 years of 

recorded data, while the other stations in the sub-basin have less than 17 years of record. 

Recordings at these stations are not necessarily continuous throughout their periods of record.  

 

 
 

Figure 11: USGS Gaging Stations in the Middle James River Sub-basin 

 

The drainage area above each station is shown in Table 2, ranging from just over ten square miles 

on South Creek to 462 square miles on the James River at Boaz. Mean monthly discharge data 

from these stations show the highest average runoff occurs between March and May, 

corresponding to the spring wet season, and the lowest average discharges occur between July 

and October (Table 3). Stations that do not follow this pattern are found in the lower sections of 

the Wilson Creek watershed, which is highly urbanized and heavily influenced by discharges 
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from the Springfield Clean Water Plant (SCWP). Additionally, only short periods of record are 

available for the Wilson Creek watershed stations. 

 

Peak discharges are shown for each station in Table 4. This chart includes the James River at 

Springfield, which is located just upstream of the Middle James Sub-basin. The James River 

station at Boaz, the station on South Creek, and two of the three Wilsons Creek stations recorded 

peak discharges during the extremely wet July of 2008. The record flood at the James River station 

near Springfield occurred during July 2015, with a discharge of over 50,000 cubic feet per second 

(cfs). Prior to the 2008 and 2015 storm events, the highest floods on record for the two longest 

continually recording stations along the James River were during the floods of 1993. The flow 

peak during the 1993 floods was ~41,000 cfs near Springfield and ~73,000 cfs at Galena. While 

three established stations with non-continuous periods of record were established in the basin, they 

were not recording in 1993. Until the floods of 2008 and 2015, the highest floods on record for 

the non-continually recording and recently established stations resulted from locally intense storm 

events in July 2000 and May 2002.   

 

The region’s base flow hydrology is largely controlled by karst features such as sinkholes, springs 

and losing/gaining sections of stream. The linkages among these features contribute to the 

ephemeral and intermittent properties of most Ozark streams as well as inter-basin water transfers. 

An important distinction, however, is that stream flows measured at Wilson Creek near Brookline 

(07052152) and James River near Boaz (07052250) are influenced by releases from the 

Springfield Southwest Clean Water Plant (SCWP), as mentioned above. This is especially true 

during low flow periods, when wastewater discharges contribute a high proportion of the flow 

below Springfield. The 90% exceedance flow for Wilson Creek increases from 0 cubic feet per 

second (cfs) above the SCWP to 34 cfs below. The 34 cfs at Brookline is over half the flow 

recorded at Boaz (67 cfs) for the 90% exceedance discharge. 

 

Station # Station Name 
Drainage  

Period of Record 
Area (mi2) 

07052000 
Wilson Creek at 
Springfield, MO 

17.8 
May 1932-Nov. 1939, June 
28, 1973-Sept. 22, 1977, June 
4, 1998-present 

07052100 
Wilson Creek near 
Springfield, MO 

31.4 
Sept. 21, 1972-Sept. 30, 1982, 
May 28, 1998-present 

07052120 
South Creek near 
Springfield, MO 

10.5 May 29, 1998-present 

07052152 
Wilson Creek near 
Brookline, MO 

51.0 July 10, 2010-present 

07052250 
James River near Boaz, 
MO 

462 
Sept. 23, 1972-Oct. 1, 980, 
Oct. 1, 2001-present 
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Table 2: USGS Gaging Stations in the Middle James Sub-basin and Periods of Record 

 

 
 
 

 
 

Station # Station Name 
Mean Monthly Discharge (ft3/s) 

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. 

07052000 
Wilson Creek at 
Springfield, MO 

17.5 16.5 22.6 24.1 28.6 31.0 18.6 11.9 29.9 14.8 16.1 12.7 

07052100 
Wilson Creek 
near Springfield, 
MO 

14.6 14.7 31.0 29.5 35.3 31.0 18.2 10.2 18.5 16.8 18.1 11.6 

07052120 
South Creek near 
Springfield, MO 

2.63 3.34 7.77 5.98 8.43 5.28 4.35 2.33 4.01 5.84 2.02 2.67 

07052152 
Wilson Creek 
near Brookline, 
MO 

63.4 57.4 81.4 87.1 95.7 89.2 58.2 48.9 64.0 57.5 52.7 49.4 

07052250 
James River near 
Boaz, MO 

282 466 379 478 530 1,016 885 826 622 374 207 336 

 
 

Table 3: Mean Monthly Discharges at Wilsons Creek and James River Gaging Stations 

 
 
 
 

Station # Station Name 
Peak Discharge 

(ft3/s) 
Date 

07050700 
James River near 
Springfield, MO 

50,900 July 19, 2015 

07052000 
Wilson Creek at 
Springfield, MO 

6,750 July 12, 2000 

07052100 
Wilson Creek near 
Springfield, MO 

6,410 June 13, 2008 

07052120 
South Creek near 
Springfield, MO 

2,870 July 12, 2000 

07052152 
Wilson Creek near 
Brookline, MO 

9,530 June 13, 2008 

07052250 
James River near  
Boaz, MO 

41,900 March 19, 2008 

07052500 
James River near 
Galena, MO 

85,100 March 19, 2008 

 
Table 4: Peak Discharges at Wilsons Creek and James River Gaging Stations 
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Biology 

 

Every watershed contains a unique balance of animal and plant life resulting from its geology, 

hydrology, soils and other biotic and abiotic factors.  The James River Basin enjoys a diverse mix 

of species, both aquatic and terrestrial. Seventy-one species of fish have been collected in the 

James River and its tributaries and spring (MDC website). Common sport fish include smallmouth 

bass, largemouth bass, spotted bass and channel catfish. With the karst topography found in the 

James River Basin, including Wilsons Creek, caves and underground streams are common, 

providing habitat for rare and in some cases threatened species like grotto salamanders, bristly 

cave crayfish and Ozark cavefish. Riparian, surface water and groundwater habitats are negatively 

impacted by lack of riparian vegetation, excessive nutrients, streambank and channel erosion, 

overgrazing and clearing of land for urban development (MDC website). 

Several organisms in the James River Basin are threatened or endangered. This status can be due 

to a variety of causes, but habitat loss is often a key element.  Water typically plays a vital role in 

habitat. For example, the water quality of springs greatly affects the quality of streams in karst 

regions. Springs provides base flow to Ozark streams that would otherwise be dry in summertime. 

Aquatic biology may be adversely affected by water quality and hydrologic changes as well as 

habitat degradation. The status of endangered and threatened species living in a watershed is 

important information for a watershed plan, as these species often serve as sensitive indicators of 

the overall effectiveness of water quality measures and implemented practices and improvements.  

The Missouri Department of Conservation’s Natural Heritage Database (MDC, 2008a) and the 

Missouri Fish and Wildlife Information System (MDC, 2008b) were used to identify species that 

are threatened or endangered on a state and/or federal level in the James River Basin.   

Group Common Name Scientific Name Location (by County)* 

Mammals Black-tailed jackrabbit 

Gray Bat   

Indiana Bat 

Lepus californicus 

Myotis grisescens 

Myotis sodalist 

Br,Ch,Dg,Gr,Lw,St,Wb,Wr 

Br,Ch,Gr,Lw,St,Wb,Wr 

Br,Ch,St,Wr 

Birds Bachman’s Sparrow  

Bald Eagle   

Barn Owl   

Greater Prairie Chicken 

Interior Least Tern  

Northern Harrier  

Peregrine Falcon  

Aimophila aestivalis 

Haliaeetus leucocephalus 

Tyto alba 

Tympanuchus cupido 

Sterna antillarum 

Circus cyaneus 

Falco peregrinus 

Br,Dg,Gr 

Br,Ch,Dg,Gr,St,Wr 

Br,Lw,Gr 

Lw 

Gr 

Gr,Lw 

Ch,Gr,Lw 

Reptiles Yellow Mud Turtle Kinosternon flavescens Br 

Amphibians Ozark Hellbender Cryptobranchus alleganiensis Dg 

Fishes Longnose Darter  

Niangua Darter  

Ozark Cavefish 

Percina nasuta 

Etheostoma nianguae 

Amblyopsis rosae 

St 

Gr,Wb 

Br,Gr,Lw,St 

Mussels Scaleshell Leptodea leptodon Wr 

Plants Geocarpon   

Missouri Bladderpod 

Geocarpon minimum 

Lesquerella filiformis 

Gr,Lw 

Ch,Gr,Lw 

*County Abbreviations:  Br-Barry, Ch-Christian, Dg-Douglas, Gr-Greene, Lw-Lawrence, St-Stone, Wb-Webster, Wr-Wright 
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In this watershed-based plan, the biological and ecological values of healthy riparian corridors will 

be stressed. Not only do vegetated stream corridors help to filter pollutants from runoff, prevent 

erosion and protect water quality, they also provide habitat and food sources for a variety of life 

in and along the stream. A healthy corridor consists of native vegetation that local wildlife is 

adapted to using in its environment. Therefore, for maximum ecological benefits, corridors should 

be restored with a diversity of native vegetation. Healthy corridors are also beneficial for reducing 

flood damages in urban streams and holding banks against higher flows. For these reasons, 

protecting and re-establishing riparian corridors will be a focus of the plan, and will help to reduce 

pollutants in urban streams as well as restoring some of the ecological vitality of the stream. 
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Chapter III – Watershed Conditions 

 

(This Chapter will address several components of Element A, including the identification of causes and 

sources of impairment, the James River nutrient TMDL, pollutants identified as impairing other 303(d) 

streams, point sources and their impacts on the Middle James Sub-basin, nonpoint sources of pollution to 

these waterways, the current loads of pollutants (TP, TN and sediment) in urban streams in the Wilsons 

Creek watershed, and other pollutants threatening these and other waterways, including springs)  

 

Introduction 

 

Because water quality monitoring has been conducted in the James River Basin and Wilsons Creek 

at many sites and for many years (at some sites as long as fifty years), an abundance of data exists 

to shed light on where water quality problems have occurred in the past or are still occurring. A 

data gap analysis for the James River Basin completed in 2007 by MEC and OEWRI summarized 

this data and its relevance to the impairments suggested by MDNR and other entities. The gap 

analysis also observed that there was a concentration of data collection at USGS gaging sites, and 

that areas of the watershed outside of these established, long term monitoring sites were largely 

uncharacterized. Never-the-less, the available data clearly showed that levels of nutrients in the 

river had risen with development and particularly with increasing amounts of wastewater 

discharging into the basin. Monitoring of nutrients completed by OEWRI and MDNR further 

suggested that nutrient levels were above the “eutrophic threshold,” the values above which algae 

growth would become excessive, in parts of the basin downstream of urban and wastewater 

influences. However, nutrients from agriculture in the basin were also mentioned as adding to 

excessive algae production and eutrophication. 

In addition to the problems with nutrients, monitoring has uncovered problems with bacteria, 

sediment, and toxic constituents in some parts of the basin. Toxicity and loss of biodiversity, for 

example, have been suggested by MDNR as impairments in Wilsons Creek and its very urbanized 

tributary, Jordan Creek. This toxicity could be related to individual chemical constituents, such as 

PAHs or other organic chemicals, or could be more related to changes in hydrology and 

sedimentation from urban runoff. More recent toxicity sampling, however, had indicated no toxic 

effects in these streams, and there have been suggestions of removing them from the 2016 proposed 

303 (d) list.  

One spring in downtown Springfield uncovered during re-development and thought to be the “long 

lost” Fulbright Spring has been found to contain hydrocarbons, probably breakdown products from 

gasoline. Pearson Creek, in the James River Basin upstream of the Wilsons Creek Watershed, has 

been found to contain high levels of E. coli bacteria. Some springs in the sub-basin have also been 
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found to contain consistently high levels of E. coli, and discharges from these springs may affect 

bacterial levels in receiving streams. 

Studies conducted by the USGS in Texas and elsewhere indicated that erosion of coal-tar sealant 

coatings on parking lots may represent the primary contamination source of PAHs to urban 

streams. In 2012, OEWRI conducted a baseline study of PAH sources and concentrations in stream 

and pond sediments in Springfield, in the Wilsons Creek Watershed (Pavlowsky, 2012). Seventy-

two samples were collected at 58 different sites in both urban and rural settings, including stream 

channels, stormwater basins, wet ponds and parking lots. PAHs were detected at all 49 sites within 

the city of Springfield or in streams draining urban areas. Although not all of the samples were 

collected from locations where sediment-dwelling organisms live (e.g., parking lot sediments), the 

results were compared to sediment quality guidelines for aquatic life protection. This comparison 

found that 36% of the samples were within the threshold effect concentration range for sediment 

dwelling organisms and 51% were in the toxic range, exceeding the probable effects concentration 

(PEC) of 22,800 ug/kg. Twelve (25%) sites had PAH concentrations exceeding five times the PEC. 

Large commercial and residential parking lots were found to be a major source of PAHs to streams 

and ponds in Springfield. A more detailed watershed-scale analyses showed that PAH 

concentrations in one watershed were strongly related to the percent of upstream area covered in 

sealed parking lots. A regression model approach indicated that a ban on parking lot sealants could 

decrease total PAH concentrations in stream and pond sediments by 80-90%. Non-nutrient related 

impairments such as PAHs will be handled through the “Integrated Plan for the Environment” 

being developed by the city of Springfield, Greene County, and City Utilities of Springfield.    

 

Monitoring 

 

Water quality monitoring has been conducted in the James River Basin for many years. Early on, 

much of the monitoring was focused on the effects of Springfield’s sewage on Wilsons Creek and 

its receiving waterbody, the James River. The first wastewater treatment facility in the sub-basin 

was built on Wilsons Creek in 1912. The plant site was changed and facilities were upgraded 

several times over the decades, including the first extended aeration plant in 1959, but poor 

treatment due to overloading and other factors invariably led to water quality declines in Wilsons 

Creek and the James River over the years. Major fish kills occurred in these two streams in 1954, 

1960 and 1966, all at times of low flow in the James River. Low dissolved oxygen and bottom 

sludge deposits were common occurrences at that time (Harvey and Skelton, 1968). 

In 1977, the city of Springfield constructed a new and expanded treatment facility at the southwest 

location on Wilsons Creek. Dissolved oxygen levels in the James River improved, but levels of 

TP and TN in Wilsons Creek also increased (Berkas, 1982). In 1991, Pulley et al. (1998) detected 
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toxicity in Wilsons Creek downstream of the Springfield Clean Water Plant (SCWP), but this could 

have resulted from the effects of both treated wastewater and urban runoff. 

In the 1990s, excessive nutrients, primarily from treated wastewater, became the focus of concern 

in the James River and its receiving waterbody, Table Rock Lake. The National Water Quality 

Assessment (NAWQA) program summarized results from over 600 samples taken at two sites on 

the James River downstream of Springfield. From 1964 to 1987, both sites showed strong upward 

trends in both TP and TN. Borchelt (2007), surveying sites in the upper White River Basin, 

including several in the James River Basin, found a strong correlation between nutrient 

concentrations and wastewater discharges. A data gap analysis completed by OEWRI and MEC 

in 2007 found that TP mean values in the James River at sites downstream of Springfield and 

Wilsons Creek trended from a high of 1.5 mg/l in 1969 (before phosphorus removal at the SCWP), 

to 0.1 mg/l TP in 2004 (after P removal was added at the SCWP). 

A baseflow “snapshot” survey of 70 sites in the James River Basin conducted in July 2013 included 

5 sites on Wilsons Creek and Rader Spring, the largest spring in the Wilsons Creek Watershed. 

All of the sites on Wilsons Creek exceeded the TMDL target level for TN (1.5 mg/l), with the 

highest levels of TN found in the James River Basin in Wilsons Creek. Four of the sites on Wilsons 

Creek exceeded the TMDL target level of TP (0.075 mg/l), and a 5th site on the James River a few 

miles downstream of its confluence with Wilsons Creek also exceeded the target (Bullard, 2014).  

Stomwater monitoring became commonplace with the issuance of MS-4 stormwater permits for 

the urbanizing entities in the sub-basin: the cities of Springfield, Nixa, Ozark, Battlefield and 

Republic, and Greene and Christian Counties. In 2002, the city of Springfield became the recipient 

of the first NPDES Phase I MS-4 permit issued in the state. The city of Springfield now routinely 

monitors stormwater quality at sites in the Wilsons Creek Watershed; Jordan Creek, just upstream 

of its confluence with Fassnight Creek, Wilsons Creek north of Sunshine (U.S. 60), and South 

Creek at FF Highway. The city also monitors stormwater quality on Ward Branch, just upstream 

of its confluence with the James River (Figure 12, numbers 9-12). In addition, the city annually 

conducts biomonitoring on two urban streams, in the fall and spring. In the fall of 2014 and spring 

of 2015, this biomonitoring was conducted on Wilsons Creek. 

In addition to the city of Springfield’s four stormwater monitoring sites, nine sites in the sub-basin 

are routinely monitored by other responsible management entities. Three sites on James River 

tributaries are monitored near the city of Battlefield. The city of Republic monitors two sites on 

Schuler Creek southeast of the city; Nixa monitors two sites on unnamed tributaries of the James 

River; and Christian County monitors two sites, one on Terrell Creek and the other on an unnamed 

tributary of the James River north of Nixa and Ozark.  
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Figure 12: City of Springfield MS-4 Stormwater Sampling Sites 

 

In addition to stormwater quality and quantity monitoring, OEWRI has conducted performance 

monitoring of BMP demonstrations as part of special projects. BMP types monitored include rain 

gardens, detention basin retrofits and riparian restoration projects. This monitoring has allowed 

resource managers to access locally derived data in order to assess the performances of BMPs in 
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reducing pollutant loading, stream degradation and water quality impacts from land disturbance 

and development. 

 

Impairments 

 

The Wilsons Creek Watershed is affected by human-induced activities such as farming and 

livestock raising, dairying, lawn fertilizing, erosion, pet waste runoff, septic seepage and urban 

runoff. These activities increase nutrient pollution as well as soil erosion in the watershed. 

Impervious surfaces such as roads, parking lots, sidewalks, building rooftops, and the compacted 

soil of lawns collect nutrients and other urban contaminants from vehicles, yard waste, soil erosion, 

fertilizer and animal waste. Some of the associated contamination is washed by runoff into nearby 

streams, making urban areas major contributors to water pollution. Some urban pollutants may 

also be toxic to aquatic life, whether found in the water column or in sediments. 

Exposed soils containing nutrients, especially phosphorus, can be carried by runoff from exposed 

stream banks, overgrazed pastures, row-cropped areas and construction sites. Streams in 

urbanizing areas, such as those in the Wilsons Creek Watershed, tend to contain more sediment or 

become “muddier” after rainstorms than their similarly sized rural or undeveloped counterparts. 

Eroding banks of destabilized urban streams have been found to be a major contributors to nutrient 

loading in urban watersheds. Sediment carried into streams can fill channels, causing the stream 

to spread out and cut laterally across floodplains. Streambank erosion is accelerated when trees 

and vegetation are removed from the riparian areas to make room for agriculture or development. 

Sediments often carry attached nutrients, especially phosphorus, which contributes to 

eutrophication problems downstream.  

Ozark creeks and streams like those in the Wilsons Creek Watershed typically have cobble or 

gravel bottoms. In undisturbed settings, these angular bottom materials are open-structured and 

well-aerated, providing a suitable and stable environment for aquatic life. Sedimentation from 

upstream erosion can cause infilling of bottom substrates, reducing habitat spaces and oxygen 

circulation and depleting the fauna, especially macroinvertebrates. These organisms form the basis 

of Ozark stream food chains, so higher organisms such as game fish are also negatively affected 

by sedimentation. Excessive sedimentation is therefore a major factor affecting aquatic ecosystem 

health in the James River and its tributaries, especially the highly urbanized Wilsons Creek 

Watershed. 

As impervious surfaces have increased in the Wilsons Creek Watershed with development, so have 

concerns from increasing volumes of storm water runoff.  The largest urban area in the watershed 

is the city of Springfield. The area within the city limits is estimated to be about 30% impervious, 

and about half of this impervious area, equaling about 8,000 acres, is directly connected to other 
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impervious areas. The total volume of urban runoff for the city in 2015 was estimated to have been 

over 1 billion cubic feet, or 7.5 billion gallons (City of Springfield MS-4 Annual Report, 2015).  

Monitoring conducted by the city of Springfield as part of its MS-4 stormwater permit indicates 

that during first flush conditions, Jordan Creek has the highest concentrations of TP and sediment 

(TSS) of any of the city’s stream monitoring sites. Baseflow TP concentrations measured since 

2009 on Jordan Creek, Wilsons Creek and Ward Branch do not exceed the TMDL target value of 

0.075 mg/l. The site on Jordan Creek did have the highest baseflow TP geomean (0.07 mg/l). TN 

during baseflow conditions exceeded the TMDL target value of 1.5 mg/l at all of the city 

monitoring sites. In this case, Jordan Creek had one of the lowest TN baseflow geomeans (1.90 

mg/l). First flush stormwater samples for TP and TN since 2009 at all of the city’s stormwater 

monitoring sites show no strong trends over that time period. Microtox toxicity testing at city 

stormwater sites in 2015 showed that only one site, on South Creek, had potential toxicity.      

The Wilsons Creek Watershed has about equal proportions of urban versus agricultural land-uses. 

Cattle raising is prevalent in the southern portion of the watershed. Questions invariably arise as 

to how the loading of nutrients in urban runoff compares to the amount in agricultural runoff. 

Cattle grazing on pastures, as is prevalent in this watershed, tends to create lower sediment and 

nutrient yields to runoff than other agricultural activities, such as row cropping. However, cattle 

grazing concentrated in riparian zones has definitely caused bank erosion, soil compaction, and 

the release of sediment, bacteria and nutrient-laden runoff, and there are some areas within the 

Wilsons Creek watershed with row-crop agriculture.  

A few studies are beginning to shed light on nutrient loading associated with urban versus 

agricultural land uses. Water quality monitoring of the James River at Springfield (USGS gaging 

site upstream of the Middle James Sub-basin) was conducted as part of a master’s degree project 

completed in 2009. Agricultural uses predominate in the 637 square kilometer watershed upstream 

of this site. The researcher concluded that 0.02 kg of TP/sq.km./yr.  was being discharged at this 

site, and 0.54 kg of TN/sq.km./yr.(Hutchinson, 2010). At the gaging site on upper Pearson Creek 

at YY highway, 0.04 kg of TP/sq.km./yr. and 1.47 kg. of TN/sq.km./yr. was being discharged. 

This 54.4 square kilometer watershed is in mixed uses, with agricultural uses predominating above 

the gaging site. On Wilsons Creek at Scenic Avenue (USGS gaging site just upstream of the 

SCWP), 0.07 kg. of TP/sq.km./yr. and 0.70 kg. of TN/sq.km./yr. was being discharged. The 46.1 

sq.km. watershed above this point is almost entirely in urban uses.  

These results indicate that more urbanized watersheds are delivering significantly greater amounts 

of TP than agricultural watersheds, but not necessarily greater amounts of TN. In fact, the 

estimated TN delivered at the Pearson Creek site is twice the amount delivered into the heavily 

urbanized Wilsons Creek at Scenic. These results help to justify focusing attention on reducing 

nutrients in urban runoff. However, agriculture is still a major part of the picture in the Wilsons 

Creek Watershed, so efforts to reduce nutrients and other pollutants arising from agricultural land-

uses should also be increased.   
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There are a total of sixty-five NPDES permitted point-source discharge locations in the Middle 

James River sub-basin, with a concentration of sources in the Wilsons Creek Watershed. These 

include both municipal and non-municipal wastewater treatment facilities, as well as industrial 

discharges (Figure 13).  A list of these permitted sources can be found in Appendix III. All 

permitted point-sources are required to meet discharge standards in order to comply with NPDES 

permits.  Monitoring of these facilities and sites takes place regularly as a part of this permit and 

updated information can be found in monitoring reports kept by MDNR. These reports contain 

discharge limits for pollutants and records of compliance by the permitted facilities. 

 

 

Figure 13: NPDES discharges in the Middle James River Sub-basin 

 

There is only one municipal wastewater treatment facilities discharging into Wilsons Creek, 

Springfield’s Southwest Clean Water Plant (SCWP).  This is also the largest wastewater discharger 

in the James River Basin, with an average daily flow of 33 million gallons per day (MGD). It 

accounts for approximately 50% of the point-source discharge for the entire James River Basin 

(MEC, 2006).  The SCWP has monthly nutrient limits of 0.5 mg/L TP and 2.0 mg/L on nitrogen 

as ammonia. In monthly sampling, the SCWP routinely averages 0.35 mg/L TP and 2.0 mg/L 

nitrogen as ammonia.  High TP levels at the USGS gaging station at Boaz were significantly 

reduced after upgrades to the SCWP in 2001 (MEC, 2006) (Figure 14). The annual geometric 

mean TP concentration at Boaz typically exceeded 0.4 mg/L between 1993 and 2000.  After the 
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upgrade in 2001, annual geometric mean TP concentration dropped well below 0.2 mg/L between 

2001 and 2004.  

 

Figure 14: TP Discharge to Wilsons Creek Before and After Upgrades at the SWWTP. 

 

Another potentially major source of pollution in the suburban and rural areas of the Wilsons Creek 

Watershed is on-site wastewater systems. The effective functioning of onsite wastewater treatment 

systems depends on the ability of soil to absorb and filter pollutants in the effluent from the septic 

tank or primary/secondary treatment tank. Problems stem from the lack of suitable soil in many 

parts of the watershed, including shallow, rocky soils over fractured bedrock. Septic systems in 

shallow, humus-depleted soils with poor absorption rates can release significant amounts of 

nutrient pollution into watersheds. Nitrogen compounds from septic systems are largely soluble 

and so move readily with water, often leaching into groundwater and contaminating wells and 

springs.   

Studies conducted in Greene County in the 1980s indicated that large numbers of onsite septic 

systems contributed to groundwater contamination. Based on optical brightener monitoring of 75 

springs, 60% of onsite wastewater systems were estimated to be contributing detectable levels of 

pollutants to groundwater (Aley and Thomson, 1984). In this study, failures were found to be more 

common in areas underlain by the Elsey Formation. Elsey residuum and its derived soils contain 

high quantities of chert, making them highly permeable. The Elsey is found at the surface mainly 
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in eastern Greene County, upstream of the Wilsons Creek Watershed, but other soils in the sub-

basin also have high chert contents. 

Failing septic systems in the James River Basin are consistently identified as major concerns by 

residents. This problem has been brought to their attention largely as a result of actions by local 

watershed groups. With population growth continuing in the Wilsons Creek Watershed and large 

numbers of homes being built in previously rural areas, higher treatment standards for onsite 

wastewater systems are needed and are increasingly being required. Actions at the state and local 

levels have led to improvements in the siting, design, installation and maintenance of new onsite 

wastewater systems. However, there have been few concerted efforts to better define the scope 

and scale of existing onsite wastewater problem in the watershed. Focused monitoring for optical 

brighteners in springs or bacterial source tracking programs might help to more clearly define 

onsite wastewater contributions to groundwater and surface water contamination.  

The two counties sharing parts of the Wilsons Creek Watershed, Greene and Christian, now have 

programs to ensure that new onsite systems are installed properly. However, there is a need to 

better manage onsite programs in order to replace old or failing systems. One way to accomplish 

this is to require inspections at the point of sale of the home, as is now required in some counties. 

This provides an opportunity to identify and replace systems that are failing to surface water or 

groundwater, or that have tanks that leak or absorption fields that are plugged or leaking to 

groundwater. Septic system pump-outs and educating homeowners about proper onsite system 

maintenance are also important ways to ensure that systems function properly. There is not enough 

information available regarding the loading of nutrients to surface waters by onsite wastewater 

systems to be used in loading calculations or models. Microbial contamination of ground and 

surface water by poorly functioning onsite systems is probably the largest water quality concern. 

The JRBP septic system pump-out program has been in place since 2006, and should be continued 

provided funding is available.   

 

Nutrients 
 
The James River was placed on the 303(d) list of impaired waters in 1998 due to excessive 

nutrients, particularly phosphorus. Excessive nutrient loading in streams occurs in association with 

areas of urban and agricultural development from nonpoint sources (NPS), as well as from point-

sources (PS) such as wastewater treatment plant discharges. Wastewater discharges, whether from 

treatment facilities or onsite systems, are rich in nutrients from human fecal matter, a byproduct 

of digestion.  

Cultural eutrophication, the adverse effects of excess nutrient inputs on surface water, is an issue 

confronting many of the developed regions of the U. S. The effects of cultural eutrophication can 

include the following: 
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 Proliferation of nuisance algae, harmful algae blooms (potential toxicity) and 

the resulting unsightly and harmful bottom deposits; 
 Turbidity due to suspended algae and the resulting unsightly green color; 

 Dissolved oxygen depletion resulting from decomposition of overabundant algae and 

other plants; 

 Organic enrichment when algal blooms die off, which perpetuates the cycle of 

excessive plant growth, and;

 Ecosystem and species population structure changes



The James River nutrient TMDL approved in 2001 had a stated goal of reducing benthic algae in 

the James River and Table Rock Lake to less than 100 mg of algal mass per square meter of 

substrate (MDNR, 2001). In-stream target limits for TN and TP were set at 1.5 mg/l and 0.075 

mg/l, respectively, to be determined during baseflow conditions. These targets were intended to 

reduce phosphorus (TP) loading in the James River at Galena (just upstream of its confluence 

with Table Rock Lake) from an estimated 850,000 pounds per year in 2001 to 155,000 pounds 

per year, and TN from 5.4 million pounds per year in 2001 to 3.1 million pounds per year. 

 

Under typical growth conditions, algae have relatively well defined elemental and nutrient 

requirements. Typically, TN:TP ratios less than 10 are considered nitrogen-limiting and TN:TP 

ratios greater than 20 are phosphorus-limiting (Smith et al., 1999). Average TN:TP ratios indicate 

that the James River Basin is phosphorus limited. In March 2001, the City of Springfield 

completed phosphorus removal upgrades to the SCWP. These upgrades effectively altered 

portions of Wilson Creek and the James River downstream from the SCWP from a nitrogen to a 

phosphorus-limited system. Prior to enhanced phosphorus removal, all water quality stations 

downstream of the SCWP had TN:TP average ratios of less than 10. Subsequent to the upgrades, 

average ratios of TN:TP downstream of the SCWP ranged from 26.3 to 44.1. Average TN:TP 

ratios at monitoring sites in the James River Basin outside the influence of the SCWP ranged from 

14.4 to 527.6. 

 

Phosphorus reduction efforts by the City of Springfield are evident in annual geomean TP levels 

at the James River Boaz water quality station, located approximately 13.5 miles downstream from 

the SCWP (Table 5). This station represents one the most complete long-term TP monitoring 

stations in the entire James River Basin. TP levels at the Boaz station have been declining since 

the early 1970s. A significant decrease in TP levels and concurrent improvements in water clarity 

in Table Rock Lake coincides with the completion of phosphorus removal upgrades at the SCWP 

in 2001. The TP mean at Boaz from monitoring between 2002 and 2015 indicate a mean of 0.093 

mg/l, still slightly above the TMDL target load (Table 6).   
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Table 5: TP/TN Concentrations Pre and Post Upgrade at the SCWP (note: Count refers to the number of samples 

pre- and post-upgrade) 

 

 

Station # Station Name n Sample Years 
Mean 

TN (mg/L) 
Mean 

TP (mg/L) 
TN:TP 
Ratio 

07050700 
James River near 
Springfield, MO 

29 2008-20091 1.41 0.029 49.3 

07052000 
Wilson Creek at 
Springfield, MO 

8 
27 
30 

1999-20062 
2004-20053 
2008-20091 

1.97 0.123 16.0 

07052120 
South Creek near 
Springfield, MO* 

30 2012-20144 1.11 0.199 5.6 

07052152 
Wilson Creek near 
Brookline, MO** 

154 2002-20152 12.93 0.351 36.8 

07052250 
James River near  
Boaz, MO 

30 
86 

2008-20091 
2002-20152 

3.78 0.093 40.8 

 
* No base flow in stream 
** below Springfield’s Clean Water Plant 
1.  Hutchison, 2010 
2.  USGS (downloaded from www.usgs.gov)  
3.  Miller, 2006 
4.  Owen et. al, 2015 

 

Table 6: TN and TP Means at Wilsons Creek and James River Monitoring Stations 

 
From the 2007 data gap analysis, Wilsons Creek had the highest observed TP geomeans in the 

James River Basin, with values ranging from 0.165 mg/L above the SCWP to 0.343 mg/L 

approximately four miles below the plant. The elevated levels of TP in Wilson Creek were likely 

due to the station’s close downstream proximity to the Springfield urban area and the SCWP 

effluent. More recent monitoring of Wilsons Creek at the station below the SCWP, including data 

from 2002 to 2015, indicates that TP levels have remained about the same since the completion of 

the SCWP upgrades, at a mean of 0.351 mg/l (Table 6).  TP geomeans in the James River from 

the 2007 gap analysis were lowest upstream of the Wilson Creek confluence and the Springfield 

city limits, where geomeans ranged from 0.020 mg/L to 0.038 mg/L. TP geomeans in the James 

River downstream of the confluence with Wilsons Creek ranged from 0.103 mg/L to 0.162 mg/L. 

  

Site Number Station Name Pre-Upgrade Post-Upgrade Pre-Upgrade Post-Upgrade Pre-Upgrade Post-Upgrade

7052152 Wilson Cr. nr. Brookline, MO 4.8 37.0 105 84 9/2/1992-1/23/2001 3/7/2001-7/22/2004

7052160 Wilson Cr. nr. Battlefield, MO 6.6 30.7 54 49 9/21/1993-1/23/2001 3/29/2001-6/17/2004

2375/2.4 Wilson Cr.4.3 mi.bl. WWTP 7.9 26.3 48 17 9/21/1993-1/23/2001 3/29/2001-1/2/2004

2375/1.0 Wilson Cr. at Wilson Rd. 9.3 44.1 61 53 9/2/1992-1/23/2001 3/29/2001-1/2/2004

2362/8.1 James R. West of Nixa 8.0 34.6 70 42 9/2/1992-2/20/2001 3/9/2001-1/2/2004

7052250 James R. nr. Boaz, MO 6.4 43.1 95 23 7/10/1973-11/8/2000 3/7/2001-7/21/2004

2362/2.6 James R. at Shelvin Rock 5.0 35.7 5 36 6/4/1993-11/2/1993 8/22/2001-8/27/2003

2347/27.4 James R. at Hootentown Acc 9.0 31.4 47 18 9/2/1992-1/23/2001 3/29/2001-1/2/2004

7052500 James R. at Galena, MO 9.6 32.6 62 116 6/4/1993-2/6/2001 3/6/2001-9/16/2005

Notes: The Pre and Post-Upgrade refers to the phosphorus removal upgrade completed at the Springfield SW WWTP in March 2001.

TN:TP (Average) Count Period of Record
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The 2007 data gap analysis indicated no apparent temporal trend for TN based on annual geomean 

concentrations at the James River station near Boaz. Although annual TN geomean values varied 

between years, the data did not indicate any upward or downward trends over the observed period 

of record. The available TN period of record for the Boaz station spanned from 1973 to 2004; 

however, no TN data are available from 1978 through 1991. Based on more recent monitoring, 

including data from 2002 through 2015, the mean TN levels at the Boaz station on the James 

River was 3.78 mg/l, over twice the TMDL target level. 

 

As with phosphorus, the highest levels of TN in the James River Basin have been observed in 

Wilson Creek (Table 6). TN means in Wilson Creek ranged from 1.97 mg/l above the SCWP to 

12.93 mg/l at the Brookline station, below the SCWP. It should be noted that the site upstream 

of the SCWP remains above the TN target level. The elevated TN levels at the Brookline station 

suggests that wastewater effluent significantly influences nitrogen levels in Wilson Creek and 

the James River. From the 2007 data gap analysis, TN geomeans along the James River ranged 

from 0.35 mg/l at its most upstream station to 4.1 mg/l at Shelvin Rock MDC access, well below 

the confluence with Wilsons Creek. Only four of the 27 water quality monitoring stations in the 

James River Basin had interquartile ranges below the suggested TMDL target value. The greatest 

concentrations of TN were observed in the vicinity of Springfield, Nixa, and Ozark; however, 

TN levels outside the influence of urban areas were also largely above the TMDL target value.  

 

Stormwater has been identified as a significant contributor of nutrients to urban streams. 

According to the city of Springfield’s MS-4 stormwater permit report published in 2009, several 

storm events exceeded the TP TMDL target level of 0.075 mg/l and all but two of the baseflow 

samples exceeded the Total Nitrogen (TN) target level (1.5 mg/l). Monitoring from 2009 to 2015, 

reported in the city’s December 2015 MS-4 report, indicated that TP baseflow geomeans for Jordan 

Creek, Wilsons Creek and Ward Branch, in the Middle James River Sub-basin, did not exceed the 

TMDL target value. However, the TN geomeans for these sites did exceed the target value. 

According to the 2015 report, first flush samples for TP and TN did not show any significant trends 

since 2009. The report concluded that Jordan Creek should be a high priority watershed for the 

implementation of BMPs since it had the highest concentrations of nutrients and sediment in first 

flushes compared to other city streams. 

 

SWAT modelling by OEWRI indicated that three sub-basins in the Wilsons Creek watershed were 

contributing excessive non-point source sediment and nutrients to Wilsons Creek and the James 

River, primarily via stormwater runoff. Sub-basin 1 (Jordan Creek and Fassnight Creek) is 

estimated to currently be contributing 14.7 million pounds of sediment/yr., 9700 pounds/yr. of 

total phosphorus (TP), and 36,000 pounds/yr. of total nitrogen (TN). Sub-basin 2 (South Creek) is 

contributing 15.2 million pounds/yr. of sediment, 13,800 pounds/yr. of TP, and 60,000 pounds/yr. 

of TN. Sub-basin 3 (headwaters and lower Wilsons Creek) is contributing 46.6 million pounds/yr. 

of sediment, 38,000 pounds/yr. of TP, and 144,200 pounds/yr. of TN. At the outlet of Sub-basin 

3, the total point and non-point source TP load was estimated at about 68,000 pounds. Of this, 
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about 37,000 lb. (56%) of the TP was from nonpoint sources, while 30,000 lb.  (44%) was from 

the SCWP.   

In order to meet the TMDL target values for in-stream nutrient concentrations, TP would need to 

be reduced by 7,500 pounds (77%) in Sub-basin 1, 11,900 pounds (86%) in Sub-basin 2, and 

27,200 pounds (72%) in Sub-basin 3. In order to meet the TMDL target value for TN, there would 

need to be no reductions in Sub-basins 1 and 3, and 22,500 pounds (37%) in Sub-basin 2. The 

model thus shows that nonpoint source-related TP accounts for a much higher percentage of the 

total load from sub-basin 3 when compared to TN, where the larger percentage comes from the 

point source. Given the TMDL thresholds for TP, the model shows that nonpoint source TP is a 

greater concern for water quality than TN. The model thus suggests that TP should be the primary 

focus of managing nonpoint sources of pollution in the Wilsons Creek watershed. 

 

Other pollutants 

 

E. coli bacteria is an indicator organism used in water testing. Their presence in water at high 

levels indicates fecal contamination and therefore the potential presence of pathogens. Sources of 

E. coli can include wild and domestic animals, domestic wastewater and sewer overflows. 

Bacteria can also derive from pet wastes, which can easily find its way into urban runoff, and 

from livestock, particularly when animals are concentrated near streams. 

 

MoDNR has developed E. coli criteria for Missouri’s recreational waters. The MoDNR 

designated E. coli whole body contact recreation (WBCR) criteria are 126 cfu/100 mL and 206 

cfu/100 mL for Category A and B waters1, respectively. The water quality criteria are expressed 

as a recreational season (April 1 – October 31) geometric mean. The James River is a Category 

A water with a whole body contact use designation. Wilson Creek is designated for Category B 

whole body contact recreation (Carnahan, 2005).  

 

E. coli are commonly found in high numbers in urban runoff and springs in the Wilsons Creek 

Watershed. Levels are typically low in Ozark streams at base flow. However, two water quality 

monitoring stations in Pearson Creek, just upstream of the Wilsons Creek Watershed, have been 

found to consistently contain E. coli levels at base flow in exceedance of WBCR standards. 

Springs also often contain high levels of these bacteria, in exceedance of standards, even at low 

flows. These bacteria may be contributed by onsite wastewater systems failing to groundwater, 

but may also be related to urban runoff or agriculture. Concentrations of cattle or other livestock 

in or near streams, especially losing streams, may contribute fecal bacteria to shallow 

                                                           
1 Category A applies to those water segments that have been established as public swimming areas allowing full and 

free access by the public for swimming purposes and waters with existing whole body contact recreational use(s). 

Category B applies to waters designated for whole body contact recreation not contained in Category A 
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groundwater. High numbers of E coli have also been found in some streams and lakes in the 

James River Basin with concentrations of waterfowl.  

 
From the 2007 data gap analyses, the annual E. coli geomean concentrations at the James River 

Boaz station did not suggest any temporal trend in E. coli concentration. The available E. coli 

period of record for the Boaz station spanned from 1997 to 2006; however, no E. coli data were 

available for 2002. E. coli geomean concentrations were greatest at monitoring sites located 

downstream of the City of Springfield in Wilson Creek, ranging from 138 cfu/100 mL to 462 

cfu/100 mL. Data from the 2007 gap analysis also showed a clear downward trend in E. coli 

concentrations at stations downstream in the James River. Wilsons Creek was placed on the 

303(d) list for E. coli in 2006. The 2016 303(d) list includes only the losing stream segment of 

Wilsons Creek as impaired for E. coli due to more than 10% of the samples exceeding the 

standard of 126 col./100ml for losing streams.   

 

Wilsons Creek and Jordan Creek were placed on the state of Missouri’s 303(d) list for 

“unknown toxicity” in 1998 and 2008 respectively, with the source of the impairments listed 

as “multiple point sources and urban nonpoint sources,” for Wilsons Creek and “urban nonpoint 

sources” for Jordan Creek. The listings were supported by a low diversity of macroinvertebrates 

in these urban streams. EPA developed and issued a TMDL for these streams in 2011 that 

focused on reducing stormwater as a surrogate for the unknown pollutants. As stated in the 

TMDL document, water quality monitoring has detected heavy metals, pesticides and other 

organic chemicals in the streams. Studies in 2003 by the USGS and 2009 by the EPA indicated 

low levels of pesticides, metals, polycyclic aromatic hydrocarbons (PAHs), and volatile organic 

compounds (VOCs) in water and semi-permeable membrane samples. The TMDL suggested 

that toxicity was most likely caused by “many different contaminants” that enter the stream 

during storm events. However, decreased biodiversity in urban streams can also be caused, in 

part, by changes in hydrology (e.g., extremely low flows during dry times) and sedimentation 

(e.g., infilling of substrates) common in urban and urbanizing streams. 

 

In February 2013, the U.S. District Courts vacated the TMDL for Wilsons Creek and Jordan 

Creek. Subsequently, Wilsons Creek and Jordan Creek were placed on the 2014 303 (d) list, 

with the impairing pollutants identified as polycyclic aromatic hydrocarbons (PAHs) in 

sediment, specifically benzo-a-anthracene, chrysene, benzo-a-pyrene and phenanthrene. The 

suspected sources of these chemical are listed as urban nonpoint sources. Wilsons Creek and 

Jordan Creek remain on the proposed 2016 303 (d) list approved by the Clean Water 

Commission for PAHs in sediment. In the 2016 listing, one additional PAH compound, 

fluoranthene, was added for both streams and benzo-a-pyrene was removed for Wilsons Creek. 

However, toxicity data collected by EPA in 2015 provided evidence that there are no toxicity 

issues in these streams. In their response to public comments on the 2016 303(d) list, MoDNR 

stated that this data is promising, but suggested the agency would like additional information 

and further evaluation of this data before delisting the streams.  
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The North Branch of Wilsons Creek was placed on MoDNR’s 2014 303(d) list for zinc 

concentrations in sediment. The city of Springfield commented that MoDNR needed additional 

biological or toxicity data before placing the stream on the 303 (d) list. MoDNR responded that 

it felt there was enough data to keep the North Branch of Wilsons Creek on the 2016 list, but 

that the stream would be prioritized for additional monitoring.  

 

Also appearing on the 2014 list was Ward Branch, a James River tributary discharging 

upstream of Wilsons Creek and draining much of the south portion of the Springfield 

metropolitan area. The listed “pollutant” was pH outside the allowable range. The city of 

Springfield notified DNR that since these samples were collected from “first flush” samples of 

stormwater, the results were not directly comparable to water quality criteria in the stream, 

which apply over a longer period. Also, the pH tests were not done immediately in the field per 

the EPA-approved protocol. The city subsequently provided more recent data indicating no 

impairment. Based on these comments, MoDNR has agreed to remove Ward Branch from the 

303 (d) list.   

 

Other contaminants of concern have occurred in the Wilsons Creek Watershed, and some are at 

levels that remain of concern. For example, hydrocarbon contamination has occurred in Jordan 

Creek from a spring or springs along its banks in downtown Springfield. The source of this 

contamination has not yet been located, but efforts to do so continue. This and other old industrial 

sites or “legacy” waste sites may continue to create significant water quality problems that will 

have to be addressed. 

 

Impairments identified in the Wilsons Creek Watershed have not been adequately defined or 

quantified or that are not currently the subject of TMDLs will be addressed through the Integrated 

Plan for the Environment currently being developed by the city of Springfield, Greene County and 

City Utilities of Springfield. Details of this planning process are discussed on page 90 of this plan. 

Since PAHs at industrial facilities have recently become regulated by EPA, these compounds will 

also be included in the Integrated Plan.   
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Chapter IV–Critical Areas, Target Areas and Load Reductions 

Methodology 
 

(In this chapter, elements B and C of the nine elements are addressed, including load reductions needed to 

meet designated uses of impaired streams, the SWAT modelling conducted by OEWRI, the critical areas 

for the application of management measure determined through modeling, and the management measures 

to be used in reducing pollution) 

Wilsons Creek (MO-2375) and its urban tributary, Jordan Creek (MO-3374), appeared on the 

state’s 2008, 2014 and proposed 2016 303(d) lists of impaired waters. Designated beneficial uses 

for both streams are livestock and wildlife watering, protection of warm water aquatic life, 

Category B whole body contact recreation and protection of human health (fish consumption). 

Fourteen miles of Wilsons Creek upstream of its confluence with the James River was classified 

as impaired and 3.8 miles of Jordan Creek upstream of its confluence with Wilsons Creek. Both 

segments were given a TMDL ranking priority of “medium.” 

The originally proposed TMDL for Wilsons and Jordan Creeks concluded that “many different 

contaminants” enter these streams during storm events, leading to toxicity and a loss of 

biodiversity. Elevated levels of water quality parameters have had negative effects on aquatic life 

in the streams. According to MDNR, these parameters include metals, nutrients, organic 

compounds, water temperature, decreased dissolved oxygen, suspended sediment, turbidity, 

polychlorinated bi-phenols (PCBs) and polycyclic aromatic hydrocarbons (PAHs). The draft 

TMDL identified stormwater volume flow reduction as the strategy to reduce pollutant loadings 

and undesirable biological effects in the streams.  

Both Wilsons Creek and Jordan Creek appeared on MoDNR’s 2016 proposed 303 (d) list of 

impaired waters. However, the city of Springfield pointed to more recent data collected by EPA 

showing reduced or no toxicity in these streams, and has also questioned some of the listing 

methodology. DNR has decided to leave the streams on the 303 (d) list, but has agreed to review 

the newer information and prioritize some stream segments for future study and for possible 

changes in future listings. The actual “pollutants of concern” for these water therefore remain the 

subject of debate. DNR has indicated a willingness to address these urban stream problems through 

a comprehensive plan rather than through the traditional TMDL approach. Therefore, these 

pollutants will not be addressed through the targeting of areas for reducing these pollutants. Rather, 

these and other identified impairments will be addressed by the Integrated Plan for the 

Environment currently under development by the city of Springfield, Greene County and City 

Utilities of Springfield.  

The pollutants of primary concern forming the focus of this plan update are phosphorus and 

sediment. This focus is based on water quality studies and modeling conducted by OEWRI as part 

of the plan development process. In order to target areas for pollutant load reductions, OEWRI 
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developed a locally applicable Soil and Waters Assessment Tool (SWAT) model. This model was 

used to identify potential pollution sources and provide load reduction analyses. Through the use 

of this model and its predictive abilities, resource managers will be better able to plan and locate 

BMPs. Work by OEWRI on the SWAT model included calibration with local climate data; 

utilizing hydrologic and land-use data specific to the sub-basin; quantifying load contributions of 

nutrients and sediment; identifying and prioritizing load contributions from sub-watersheds in the 

sub-basin; and evaluating the effectiveness of alternative BMPs at reducing pollutant loads. 

The SWAT model utilizes input options for climate, erosion, nutrients, land management and 

hydrology to predict the influence of land management practices on pollutant yields. Two separate 

components are used to simulate hydrologic processes—a land phase, which focuses on water 

masses, sediment and nutrients moving toward a stream reach; and a routing phase, which moves 

these inputs through the stream systems to the watershed outlet. Inputs into the model are organized 

by spatial characteristics. The “watershed” refers to the entire area represented by the model. “Sub-

basins” are subdivisions of the watershed connected by discharge and mass transport of sediment 

and pollutants. Sub-basins were further divided into many small hydrologic response units 

(HRUs), areas within the sub-basin with similar soils and land-use combinations.  

In this case, the first “watershed” modeled was the Middle James River Sub-basin, a HUC 10 

component of the James River Basin. This sub-basin drains the majority of the city of Springfield 

and Greene County. About half of the sub-basin is in urban and suburban land uses. A total of 239 

water quality samples from USGS and OEWRI databases were used to calibrate the model. 70 of 

these came from the James River near Boaz gage (downstream end of the Middle James Sub-

basin); 109 were from the Wilsons Creek near Brookline gage (downstream of the SCWP), and 60 

were from the Wilsons Creek at Springfield gage (above the Springfield Southwest Clean Water 

Plant, SCWP). The model was set up in the fall of 2015 and some preliminary test runs were 

conducted during the winter of 2015-2016. 

Phase 1 results (December 2015) from SWAT nutrient load modeling indicated that the majority 

of the TP load at Boaz, on the James River downstream of Wilsons Creek and Springfield, comes 

from the area of the watershed below Lake Springfield Dam, including flow from Wilsons Creek 

and the city of Springfield. However, the majority of the TN originates in the watershed upstream 

of Lake Springfield, or the upper James River Sub-basin. 37% of the TP, 55% of the TN, and 75% 

of the sediment load at Boaz (downstream end of the Middle James Sub-basin), comes from the 

upper watershed above Lake Springfield.  

Modelling was further refined during the winter and spring of 2015-2016, with the focus on 

Wilsons Creek as a large contributor of nutrients and other pollutants to the James River. The final 

report on the SWAT modelling was issued on May 10, 2016 and is included as Appendix IV. For 

the refined model, the two HUC 12 watershed (Wilsons Creek and Headwaters Wilsons Creek, 

see figure 18) were subdivided into four sub-basins (figure 19). The outlets of sub-basins 1 (Jordan 

Creek and Fassnight Creek), sub-basin 2 (South Creek), and 3 (Upper and Main Wilsons Creek) 
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were located at USGS gaging sites and were used to calibrate the model. The SWAT model was 

calibrated using the SWATCUP software, a program used for sensitivity analysis, calibration and 

uncertainty analysis. Discharge from each sub-basin was calibrated using the USGS gage stations 

at a daily time-step. Sediment and nutrients were calibrated using 31 samples collected by OEWRI 

and USGS at the Wilsons Creek at Springfield gage since 2006. Due to limited data at the Wilsons 

Creek near Brookline gage and the karst hydrology problems at the South Creek gage, sediment 

and nutrients were only calibrated at the Wilson Creek near Springfield station in sub-basin 1. Due 

to the limited data available to calibrate the model, additional data collection at existing gages and 

the installation of additional gages is included as an objective. 

Modeling was completed in three phases: 1) modeling existing loads to compare to TMDL 

threshold concentrations; 2) identification of critical areas in the sub-basins contributing 

significantly to nonpoint source pollution, referred to here as “hot spots,” and 3) applying potential 

BMPs to those critical areas to determine the expected load reduction. Model results are displayed 

in maps showing the modeled concentrations of sediment, TP and TN for each Hydrologic 

Response Unit (HRU) generated by the model. A total of 90 different HRUs were identified within 

the four sub-basins. Land areas within the watershed contributing the highest yields of nonpoint 

source sediment, TP and TN were thus identified. 

The concentrations of sediment, TP and TN are displayed on maps as a rating system based on 

published TMDL target concentrations (0.075 mg/l for TP and 1.5 mg/l for TN). Ratings for 

sediment were based on the concentration values roughly representing quartile ranges. The rating 

system used four categories: low, moderate, high and very high, corresponding to the colors green, 

yellow, brown and red on the maps (figures 20-22). For sediment, low (green) is <50 mg/l, 

moderate (yellow) is 50-200 mg/l, high (brown) is 200-1,000 mg/l, and very high (red) is > 1,000 

mg/l. For TP, low (green) is < 0.075 mg/l, moderate (yellow) is 0.075-0.150 mg/l, high (brown) is 

0.150-0.600 mg/l, and very high (red) is > 0.600 mg/l. For TN, low (green) is < 1.5 mg/l, moderate 

(yellow) is 1.5-3.0 mg/l, high (brown) is 3.0-6.0 mg/l, and very high is > 6.0 mg/l. The areas of 

the sub-basins shown from modeling to have high or very high inputs of TP (> 0.15 mg/l) are 

identified here as “critical” areas for the targeting of BMPs. The areas from the model showing 

high or very high inputs of TN (> 3.0 mg/l) are identified as critical areas for targeting of BMPs. 

The sizes of the critical areas were determined from the SWAT model. Sub-Areas 1, 2 and 3 are 

primarily urban or urbanizing, while Sub-Area 4, in the southern portion of the Wilsons Creek 

Watershed, has a large percentage of its land in agricultural uses. The following table shows the 

acreage of land in each sub-area with a very high concentration potential for phosphorus in runoff 

(> 0.60 mg/l) and the acreage with a high potential for phosphorus (0.15 mg/l– 0.60 mg/l). 

Sub-basin Very high P loss (> 0.60 mg/l) High P loss (0.15 mg/l-0.60 mg/l)  

1 1,394 acres 6,729 acres 

2 1,654 acres 4,853 acres 

3 30 acres 4,780 acres 

4 2,050 acres 9,885 acres 
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Sources of high nutrients and sediment were identified by locating HRUs contributing the highest 

concentrations of pollutants in each sub-basin. BMPs were then applied in the model to these 

targeted critical areas or “hot spots.” The BMP used to reduce pollution in these areas was a 

vegetative filter strip, since this BMP option is already integrated within the SWAT model 

framework. This BMP type was chosen because it best simulates the disconnection of impervious 

surface in the urban environment and vegetative measures intended to reduce runoff and filter 

pollutants, from both urban and agricultural sources. Other potential BMPs will be compared with 

the values obtained using filter strips. Two vegetative filter strip widths of 3 m and 10 m were 

applied and simulated to get a high and low reduction value for each HRU. 

The modeling indicated that three sub-basins contribute excessive non-point source sediment and 

nutrient loads to Wilsons Creek and the James River. Sub-basin 1 (Jordan Creek and Fassnight 

Creek) is estimated to currently be contributing 14.7 million pounds of sediment/yr., 9700 

pounds/yr. of total phosphorus (TP), and 36,000 pounds/yr. of total nitrogen (TN) (Table 6). Sub-

basin 2 (South Creek) is contributing 15.2 million pounds/yr. of sediment, 13,800 pounds/yr. of 

TP, and 60,000 pounds/yr. of TN. Sub-basin 3 (headwaters and lower Wilsons Creek) is 

contributing 46.6 million pounds/yr. of sediment, 38,000 pounds/yr. of TP, and 144,200 pounds/yr. 

of TN. At the outlet of Sub-basin 3, the total point and non-point source TP load was estimated at 

about 68,000 pounds. Of this, about 38,000 lb. (56%) of the TP was from nonpoint sources, while 

30,000 lb.  (44%) was from the SCWP. 

Sub-basin 

TP load 

(lbs./yr.) 

current 

TP load reduction. 

required (lbs./yr.) 

TN load 

(lbs.yr.) 

current 

TN load reduction 

required (lbs./yr.) 

Sediment load 

current 

(lbs./yr.) 

1 9,700 7,500 36,000 0 14.7 million 

2 13,800 11,900 60,000 22,500 15.2 million 

3 38,000 27,200  0 46.6 million 

 

Table 6: Current loads of TP, TN and sediment in Wilsons Creek sub-basins and load reductions required to meet 

TMDL target concentrations. 

In order to meet the TMDL target values for in-stream nutrient concentrations, TP would need to 

be reduced by 7,500 pounds (77%) in Sub-basin 1, 11,900 pounds (86%) in Sub-basin 2, and 

27,200 pounds (72%) in Sub-basin 3. In order to meet the TMDL target value for TN, there would 

need to be no reductions in Sub-basins 1 and 3, but 22,500 pounds (37%) of TN would need to be 

reduced in Sub-basin 2. The model thus shows that nonpoint source-related TP accounts for a 

much higher percentage of the total load from sub-basin 3 when compared to TN, where the larger 

percentage comes from the point source. Given the TMDL thresholds for TP, the model suggests 

that nonpoint source TP is a greater concern for water quality than TN. TP should therefore be the 

primary focus of managing nonpoint sources of pollution in the Wilsons Creek watershed. 

For these reasons, the primary emphasis of this plan will be management measures aimed at critical 

areas for reducing TP and sediment (since TP is often adsorbed onto sediment particles) in the 

three sub-basins. The vast majority of land in these three sub-basins is urban or urbanizing. In sub-
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basin 4, which is the lower section of Wilsons Creek, much of the land in the center of the sub-

basin, between Republic and Battlefield, is in agricultural uses. This sub-basin also contains a 

critical area, which in this case would appear to be connected largely to agriculture. This plan 

update will include an emphasis on obtaining agricultural BMPs in this critical area by working 

through existing agricultural agencies.  

Because of the large reductions that will be necessary to achieve the TMDL target values in the 

affected streams, this plan will focus on long-term incremental changes in water quality rather than 

creating expectations of large reductions over relatively short time periods (e.g., 1 or 2 years). 

Large or rapid reductions over short time frames would be unrealistic and most likely 

unachievable. Also, the TMDL target for phosphorus and nitrogen apply in the James River, not 

directly in Wilsons Creek or its tributaries. Achieving the TMDL target concentrations for 

phosphorus (0.075 mg/l) in Wilsons Creek (especially below the Springfield Southwest Clean 

Water Plant, where the discharge limit for TP is above the TMDL target) and in its headwaters 

streams may not be possible, even with the wide applications of BMPs. Instead, the primary goal 

is to reduce nutrient and sediment loading in Wilsons Creek in order to help the James River meet 

its target TMDL concentrations.  

The model outputs suggest that nonpoint source TP is linked to sediment sources within the 

watershed. These sediment concentrations are relatively high when compared to previously 

determined values for Springfield area streams, which tend to be low when compared to 

Midwestern streams. However, average TSS concentrations found in the Wilsons Creek watershed 

were similar to values found in urbanized Johnson County, Kansas, and thus are comparable to 

measured values from other urban areas with similar climates and land-use histories.  

Since TP levels were relatively high compared to the TMDL threshold, with a large percentage of 

total load deriving from nonpoint source, those HRUs in the model with TP concentrations > 0.6 

mg/l were identified as critical areas in the sub-basin (figure 18). The model indicated that the 

HRUs with the highest concentrations of TP were found in sub-basins 1 and 2, with very few in 

sub-basin 3. Four  critical areas or “hot spots” producing relatively high concentrations of TP were 

identified: 

1. North branch of Jordan Creek upstream of Division Street (sub-basin 1, map Fig. 21). 

2. South branch of Jordan Creek upstream of National Avenue (sub-basin 1, map Fig. 22). 

3. Fassnight Creek upstream of Kansas Expressway (sub-basin 1, map Fig. 23). 

4. The entire South Creek watershed (sub-basin 2, map Fig. 24-25). 

Conclusions and recommendations from the modeling study and OEWRI report are as follows: 

1. Nonpoint source-related TP reduction should be the main focus of management efforts to 

improve water quality in Wilsons Creek. The model suggest that to meet the target load 

goal in the Wilsons Creek Watershed (The TMDL criteria), nonpoint loads of TP need to 
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be reduced 71 to 86% in the three sub-basins. Nonpoint TN loads are below the TMDL 

threshold in two of the three sub-basins (figure 19).   

2. Implementation of 3 to 10 meter BMP filter strips to all critical area “hot spots” identified 

by the model would reduce loads at the sub-basin 3 outlet by 15 to 21% for sediment, 10 

to 14% for TP, and 10 to 14% for TN.   

3. For the four critical area “hot spots” identified by the model in sub-basins 1 and 2, BMPs 

need to be applied that will disconnect impervious surfaces, detain runoff and increase 

infiltration of stormwater. 

4. Riparian corridor protection and restoration projects and conservation easements need to 

be implemented along the main channel of Wilsons Creek below Scenic Avenue. However, 

extending the corridor easements up into the tributaries would have an even greater impact 

on reducing nonpoint sources of sediment and TP, especially areas of relatively recent 

development where streams are just now starting to adjust to new hydrologic regimes. 

Implementing a riparian restoration and protection easement on Wilsons Creek from Scenic 

Avenue downstream to the SCWP would further reduce loads of sediment by an additional 

6 to 11% and TP and additional 3 to 5%.  

 

 

Figure 15. Location of HUC 12 watersheds and gaging stations in the Wilsons Creek Watershed 

Due to the limited data available to calibrate the SWAT model, watershed monitoring may need 

to be expanded and increased in order to further validate and refine modeling and to better 

understand loading rates and changes in loading from the implementation of additional 

management practices. It is anticipated that two or three more stream gaging/water quality 

monitoring stations may need to be added, with the location of these stations keyed to drainage 
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from specific “hot zone” high TP and sediment concentrations. For example, gaging/monitoring 

stations may become necessary on the headwaters of Wilsons Creek, Jordan Creek, Fassnight 

Creek or South Creek to better determine the contributions of these sub-basins to total loading of 

sediment and nutrients. In addition, if the actual contributions of pollutants at “hot zones” are 

identified, that information will be added to the next WMP update.   
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Figure 16. Sub-basins 1-4 used to calibrate the SWAT model. 
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Figure 17. Model results for sediment concentrations from individual HRUs. 
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Figure 18. Model results for TP concentrations from individual HRUs. 
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Figure 19. Model results for TN concentrations from individual HRUs.
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Chapter V–Management Measures 

 
(In this chapter, Elements C and E of the nine element plan are discussed. The proposed management 

measures from the 2010 planning effort are discussed with notes regarding specific objectives and 

barriers to the achievement of them. New and modified management measures for this plan update are 

discussed, as are measures to involve and educate stakeholders. Changes to these measures in the new 

plan are discussed in detail. It should be noted that most of the measures identified in the 2010 plan are 

carried through to the new plan, but with varying levels of emphasis.) 

 

Background information on the development of BMPs for the Wilsons Creek Watershed and 

implementation timelines for these measures are presented in this chapter. Based on recent input 

from each of the major stakeholders, progress toward achiveving the BMP objectives identified 

in the 2010 Middle James River Watershed-based plan will also be discussed. Changes in the 

watershed, including population growth rates, resource management personnel availability, 

economic factors, changes in demographics and other factors have influenced the degree of 

progress toward accomplishing the stated objectives. Revisions to the plan embodied in this 

update will reflect the results of that evaluation and stakeholder involvement process. 

 

BMP implementation in the 2010 Plan 

 

In the original 2010 watershed plan, two tables were presented to show the various BMPs and 

actions that the stakeholders felt were needed for each BMP objective. In this update, the format 

has been changed. Each BMP type identified in the 2010 plan will be dicussed separately, 

beginning with the physical BMP objectives for existing and new development, followed by the 

education objectives. Each section will describe progress toward achieving the objective as well 

as challenges and barriers to full achievement. 

 

Reduction Action 1: Reduce Stormwater from Existing Development 

 

Objective 1: Implement rain garden demonstrations: This objective has been met. About sixty rain 

garden demonstrations have been installed in the urban areas of Greene and Christian County, in 

both residential and commercial settings, since the 2010 plan was completed. Previous studies in 

the Springfield area have shown that a typical rain garden (about 500 sq.ft.) will remove 0.03 

pounds of TP per year, and 0.24 pounds of TN per year. Using these calculations, the 60 rain 

gardens installed as part of various projects in the James River Basin should remove about 1.8 

pounds of TP and 14.4 pounds of TN. Obviously, these are very small numbers in relation to the 

total loading of TP and TN in the basin.  
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Using Section 319 grant funds and other sources, local watershed organizations, cities and counties 

have installed many rain gardens in prominent locations (e.g., at libraries or churches). At a 

subdivision in Nixa, seventeen rain gardens were installed and runoff quality and quantity were 

closely monitored by the Ozarks Environmental and Water Resources Institute (OEWRI). Rain 

gardens were installed in 2009 and 2010 at the city of Battlefield offices, Kickapoo High School, 

and Greater Springfield Board of Realtors office in Springfield. A series of seven rain gardens 

were installed at the Hurley Baptist Church. In 2011, a rain garden was installed as part of a 

streetscape project east of Park Central Square in downtown Springfield. As part of the 

Springfield-Greene County Urban Watershed Stewardship Project (aka Big Urbie) grant, 17 rain 

gardens were installed at various locations including city properties, streetscapes, churches and 

school campuses.  

Being mostly in prominent locations, these rain garden demonstrations have served very well to 

publicly promote the idea of rain gardens. Rain garden demonstrations serve to educate the public 

about problems with urban runoff and illustrate a relatively simple method of improving runoff 

quality. If properly designed and managed, rain gardens can be points of pride for property owners 

and thus seen as property amenities, helping increase property values, as opposed to dry detention 

basins, which historically have been regarded as eyesores and liabilities. Although rain gardens 

are usually small (< 700 sq.ft.), they are typically designed to only capture and treat the first 

increment of runoff (1/2 to 1 inch), which is usually the most polluted. Rain gardens therefore have 

decided water quality benefits.  

To be effective in runoff quality management at the watershed scale, rain gardens must be widely 

applied as components of treatment trains, or used in tandem with other BMPs. Individual rain 

gardens, if receiving drainage from a small area such as a back yard, will remove a significant 

percentage of pollutants from that runoff and reduce stormwater volumes by a small but 

measurable amount. However, a few rain gardens used as isolated BMPs in a subdivision will 

make little difference to either overall stormwater quality or runoff volumes at the sub-watershed 

or catchment scale.  

As part of the Stormwater 319 project mentioned above, seventeen rain gardens were installed in 

one residential subdivision in Nixa. This is a large subdivision, and all of the gardens combined 

received only about 2% of the total runoff from the subdivision. Rain garden performance was 

closely monitored by the Ozarks Environmental and Water Resources Institute (OEWRI). That 

monitoring concluded that the effects of the rain gardens on runoff quality and volume at the 

catchment drainage outlet were negligible.  

Because of these factors, and in the absence of ongoing, long term programs to make sure that rain 

gardens on private property are properly maintained to retain functionality, rain garden programs 

using gardens as isolated, stand-alone BMPs cannot be relied upon for major stormwater 

improvements at the sub-watershed or catchment scale. Rain garden programs do remain important 

in the realm of education and outreach. Teaching homeowners about rain garden construction and 
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maintenance remain valuable services However, in the absence of more aggressive and 

comprehensive implementation programs, the provision of public funding for the installation of 

rain gardens on private property may not be the best use of limited funding.  

Objective 2: Retrofit existing subdivisions with stormwater BMPs. This objective was attained by 

the installation of the seventeen rain gardens in one Nixa subdivision as mentioned above. OEWRI 

monitored the performance of the rain gardens through fifty-two storm events and concluded that 

the reductions in pollutant levels at the subdivision drainage outlet, as well as the reduction in 

runoff volume, were negligible. In order to have significant effects on runoff qualities and 

volumes, BMPs installed in existing subdivisions presently without BMPs will need to capture, 

retain and infiltrate larger volumes of stormwater than were treated in this Nixa subdivision. 

Retrofits may also need to incorporate additional BMPs in tandem. Retrofits might be better suited 

to larger potential BMPs, such as regional detention basins, which accommodate runoff from larger 

portions of the catchment and thus, if retrofitted into water quality improvement features, could 

have significant effects on pollutant removal and volume reduction.  

Objective 3: Host rain barrel program: Rain barrel programs have been created and promoted by 

JRBP, Watershed Committee of the Ozarks, the City of Springfield, Greene County Resource 

Management, and City Utilities of Springfield. Over 1,500 rain barrels and rain barrel kits have 

been sold by the JRBP and other organizations. Larger rainwater harvesting systems have also 

been installed in local communities. Through JRBP-sponsored projects, two 10,000-gallon cisterns 

collect roof water at the Ozark Community Center to irrigate landscaping. 10,000 gallons of 

rainwater are harvested and used onsite at the Green Circle Development, which was partially 

funded through a WQIP grant. Also using WQIP funds, a 3,000 gallon home cistern-based system 

was designed and installed as part of a residential demonstration project in Springfield. A large 

rainwater collection was also installed at the Darr Agriculture Center as part of the Big Urbie 

Project. 

Building codes have now been changed in some local jurisdictions to allow for expanded uses of 

harvested rainwater. This has been accomplished by changes in building codes dealing with “water 

reuse.” An ordinance change in Springfield allowed harvesting rainwater to be use commercially 

in flushing toilets, and another change allowed harvested rainwater to be used in residential toilet 

flushing. 

As with rain gardens, the rain barrel program is a great public education tool and a good way to 

introduce citizens to the idea of water conservation and the need to preserve public water supplies. 

Citizens who use and enjoy rain barrels will also be more likely to support more robust rainwater 

harvesting projects and other water quality-oriented programs in the future. The JRBP now has a 

program to encourage larger harvesting systems. A rebate of 50 cents per gallon is available, based 

on the system size. At the point when rain barrels are bought or made by homeowners, an 

opportunity is presented to educate them about water conservation and water quality in general. 



James River Basin 

JRBP P a g e  | 66 

However, as with rain gardens, isolated rain barrels do little to reduce volumes of stormwater or 

improve runoff quality.  

Large cisterns, on the other hand, may significantly reduce the volume of stormwater runoff at a 

particular site. Many large cisterns in a catchment area could have a measurable impact on total 

runoff volumes, since the water is retained and used at a time when runoff is negligible. Cities 

should consider rainwater harvesting programs as a way to conserve the public water supply. In 

the future, cities may even require harvesting for at least a portion of a landowner or property 

manager’s water needs, such as for landscape watering purposes. The city of Springfield, Greene 

County and City Utilities of Springfield are currently incentivizing rainwater harvesting through a 

rebate program. Other cities should explore ways to incentivize the collection of rainwater, which 

is difficult now from a financial standpoint because public water is so inexpensive at the tap.   

Objective 4: Construct detention basin retrofits: As part of the Big Urbie Project, three standard 

detention basins were retrofitted to become water quality improvement basins. These included a 

large detention basin at Greenwood School on the Missouri State University Campus; a smaller 

detention basin receiving parking lot drainage on the campus of Drury University; and a small 

detention basin serving a fire station in Springfield. Different retrofit techniques were used at each 

basin. OEWRI monitored the inlet-outlet performance the two basin retrofits at Missouri State 

University and Drury University. The monitoring data showed that the retrofitted basins both 

reduced stormwater volumes and improved water quality. As part of its NPDES MS-4 stormwater 

permit, the city of Springfield evaluated and prioritized regional detention basins for potential 

retrofits and have retrofitted four of these basins. In addition, as part of the Integrated Plan for the 

Environment, a Sustainable Return on Investment study has been completed to evaluate the 

potential for a large-scale detention retrofitting effort in Springfield that would include privately-

owned basins. 

Given the potential water quality improvements mentioned above, the retrofitting of existing 

standard detention basins to make them water quality facilities would seem to be a “low hanging 

fruit” in terms of favorable cost-benefit ratios for stormwater quality improvement. Since the 

basins are already in place, there is no need to acquire additional land. Surrounding landowners 

have already grown accustomed to the presence of the structure, so there is little interference with 

its operation (as opposed to rain gardens, which landowners may change or remove). Usually the 

retrofit costs are small in comparison to the original construction costs for the basin. Some 

maintenance is required after a retrofit (e.g., cleaning out sediment or cleaning outlet structures or 

screens), but this is fairly minimal. Most cities have large regional detention basins that could be 

retrofitted. This would be a matter or prioritizing areas where the most gains could be made 

compared to the retrofitting costs. 

Objective 5: Create urban lawn fertilization plans: In cooperation with its watershed partners, 

JRBP has carried out a very successful lawn nutrient management program since 2001. Over 1,300 

nutrient management plans have been written since then. The nutrient management planning 
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process provides an avenue to educate homeowners and farmers about the problems of nutrients 

in waterways and the water quality benefits of nutrient management. In the case of the JRBP 

program, there is personal contact with each of the program participants, who must complete a 

survey about their knowledge and views on water quality. This creates an avenue for sustained 

contact with landowners and opportunities to provide more information and education in the 

future. A lawn care folder with tips on nutrient management, pesticide use and other practices was 

developed as part of the program.  

JRBP currently has no nutrient management program in place for landowners. JRBP would like to 

reconstitute these programs, but they will need to be modified from their original form. 

Administering the lawn fertilization and urban nutrient management program was relatively 

inexpensive but very time consuming.  From 2001 until 2015, grants were used to cover the 

landowner’s costs for participation, including the soil tests. All that was required on the part of the 

participant was the completion of the survey. Landowners received a four year nutrient 

management plan created by the JRBP (plan development training provided by the NRCS) 

specifically tailored to their site, including recommendations for fertilizer applications. 

One problem with the program is that following the recommendations of the plan is voluntary and 

there is no follow-up to ascertain if said plan was actually followed. Therefore, it is difficult to 

develop reliable nutrient loading reduction estimates based on the residential fertilization plans. 

Another problem is that the nutrient management planning software needs to be updated, but no 

update exists since the software is no longer maintained. For example, there was no provision in 

the software to insert organic options. Also, soil testing at labs for organic content is more 

expensive.  

Objective 6: Create “green” streetscape demo: Three streetscape demonstration projects have been 

completed as part of grant funded projects on Park Central East and West, Campbell Avenue and 

Walnut Street in downtown Springfield, all in the Wilsons Creek Watershed. These streetscapes 

included rain gardens, pervious pavement, infiltration swales and trees. Each of these projects was 

completed as part of planned improvements for aging and deteriorating infrastructure.  

The public generally likes streetscape projects, as more green space is typically welcomed in the 

gray concrete urban setting. Trees and shrubs not only slow and filter and soak up runoff, but they 

provide oxygen and take up carbon dioxide as well. Having trees and other vegetation as part of 

streetscape projects thus provides multiple benefits from a single retrofit—much more than just 

new concrete or asphalt would provide. These projects are also very visible, providing 

opportunities for public education. 

All existing public infrastructure projects will need upgrading and repair at some point. The “low 

hanging fruit” is to make sure that stormwater BMPs and better practices are installed during the 

normal upgrading or re-development process. City officials need to consider this early in the 

planning and design process for infrastructure projects. Being ready with appropriate design 

criteria and general plans for these BMPs during the normal cycle of civic improvements is a good 
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strategy for urban water quality planners and engineers. The city of Springfield’s stormwater 

design criteria manual now has detailed specifications for green infrastructure for private 

development and public projects.   

Objective 7: Promote BMPs to residents of the Middle James Sub-watershed: Watershed 

organizations, resource agencies, cities and counties been promoting water quality BMPs to 

citizens of the Middle James Sub-basin for many years. Numerous rain gardens have been installed 

and hundreds of rain barrels and rain barrel kits sold. As part of grant-funded projects, a 

subdivision was retrofitted with rain gardens, the performance of which was monitored by 

OEWRI. Demonstration projects, especially those at prominent places like the city of Springfield 

municipal building, downtown Springfield streetscape projects, rainwater harvesting systems at 

the Ozark Community Center, and rain gardens at churches and offices and other commercial sites 

have all contributed toward public understanding of the need to manage stormwater and improve 

its quality. Many citizens have asked for these BMPs to be installed on their private property. 

On the other hand, cities and counties (e.g., Springfield and Greene County) are now “promoting” 

BMPs through NPDES MS-4 stormwater permits, which require water quality BMPs on many 

new developments as well as on certain re-development projects. The city of Springfield, for 

example, now requires that any development creating over one acre of impervious area must treat 

or reduce the first one inch of runoff. An ordinance change will soon require water quality controls 

on any development or re-development that disturbs greater than one acre. Since these BMPs are 

required in the development process, and all developers must obtain construction permits, this is 

the most effective way to make sure that water quality BMPs are implemented in urban areas, as 

opposed to relying on the voluntary adoption of practices by individual landowners. Urban 

planners and stormwater managers are in a good position to educate developers and their engineers 

early in the development review process about why BMPs are necessary and how they work. This 

could be the most effective “promotional” effort out there in terms of educating “residents.” 

On the agricultural side, the USDA as well as MoDNR’s Soil and Water Conservation Program 

offer cost-share assistance and technical advice to landowners on the installation of water quality 

BMPs on farm lands. This program is voluntary, however. In spite of improvements on the 

agricultural side, much of the agricultural land in the sub-basin is not enrolled in some type of 

better practice. From October 1, 2014 through September 30, 2015, the most popular NRCS 

conservation investment program in the James River Basin was the Conservation Stewardship 

Program, with almost 32,000 acres enrolled. This represents a little over 3% of the land in the 

entire James River Basin (931,000 acres). This indicates that agricultural BMPs with decided water 

quality benefits could to be more heavily promoted, provided additional federal revenue for cost-

share assistance could be obtained. Further, it is has proven difficult to punish “bad actors,” 

landowners whose poor agricultural practices and activities cause water quality problems in the 

sub-basin. 

Objective 8: Stream corridor improvement and protection: Since 1993, the city of Springfield has 
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invested over $16 million in voluntary acquisition of floodplains, sinkholes and other flood-prone 

areas, including over 200 acres of floodplain and riparian corridor along urban stream. As part of 

its James River Riparian Corridor Restoration Project, the JRBP enrolled about 300 acres along 

the James River into perpetual conservation easements, extending for about 8 miles along the river. 

Restoration projects were completed on parts of the corridor in need of this kind of work. 

According to OEWRI calculations, this amount of protected streambank reduces the load of 

nutrients entering the stream by 2,376 pounds/year. Riparian protection and restoration may thus 

be among those practices showing the most “bang for the buck” of all the BMPs in the watershed 

toolbox. 

While it has not been easy to get landowners to voluntarily enter into conservation easements, a 

few landowners owning large riverside properties have shown interest. Thus, relatively large 

sections of riverbank and significant stretches of stream zones have been protected. In the Wilsons 

Creek watershed, a large amount of public land is situated along the stream. Several of these areas 

need riparian improvements, which could probably be done more easily here than on private 

property. Cities and counties in the sub-watershed might also consider stream buffer ordinances, 

which would protect riparian land from the effects of development and disturbance. The city of 

Springfield, for example, has already included stream buffer requirements in its stormwater design 

criteria manual proposed for adoption in 2016. 

In July 2015, the city of Springfield with assistance from a 319 grant from the MDNR, began 

construction of the one-mile long South Creek channel restoration project, removing the concrete 

trickle channel and restoring the creek to a more natural condition. This work was intended to 

improve water quality and habitat quality for aquatic life and riparian-zone organisms. Native 

plants were used in this publicly-funded project. The JRBP is providing assistance by monitoring 

aquatic life and helping the city with education and outreach activities. 

 

 Reduction Action 2: Reduce Stormwater from New Developments 

 

Objective 1: Education provided to engineers, construction managers, landscape architects and 

others involved in new construction: The JRBP and other organizations and agencies in the sub-

basin have conducted activities related to this objective for many years. The “Ripple Effects” 

Conference held in Springfield in 2008, with 80 participants including city and county officials, 

developers, engineers, architects and students, focused attention on how best to incorporate LID 

strategies into development designs. The city of Springfield has held eight erosion/sediment 

control workshops for contractors and engineers since 2010, attended by about 200 local 

construction professionals. In 2014, the city also began requiring mandatory training sessions as 

part of the city land disturbance permitting process, with 161 attendees since then. As part of their 

everyday jobs, city and county planners and stormwater engineers now educate construction 

professionals during development review and plan approval processes. 
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Objective 2: Mandatory stormwater detention storage for all new developments: This objective is 

assumed to refer to detention requirements for flood control. Detention and BMP requirements for 

water quality are addressed in Objective 3. Springfield and Greene County have required 

stormwater detention storage to control flooding from new development for decades. More 

recently, other cities and counties have added detention storage requirements as development 

pressures have increased. At this time, detention storage or equivalent flooding reduction is 

required for all new development by cities and counties in the sub-basin. This objective has 

therefore been met. 

Objective 3: Mandatory detention and BMP requirements on new developments: This objective is 

assumed to refer to post-construction detention and BMP requirements for water quality, which is 

different from the detention requirements for flood control addressed in Objective 2. Post-

construction BMPs is MS-4 terminology that refers to permanent water quality BMPs on 

development projects, such as extended detention basins, vegetated filter strips, rain gardens and 

pervious pavement. Erosion and sediment control BMP requirements for construction sites are also 

discussed in this objective. NPDES MS-4 stormwater permits have now been obtained by all the 

cities and counties that have a population of 10,000 or greater or that are located in an urbanized 

area, which includes Ozark, Nixa, Republic, Battlefield and Greene and Christian counties, 

comprising the bulk of the Middle James River Sub-basin. Only a small portion of northern Stone 

County is included in the sub-basin, and this area is characterized by low-density residential and 

agricultural land-uses. All of these responsible stormwater management entities in the sub-basin 

now require some type of water quality BMP for new development. The city of Springfield is in 

the process of updating its stormwater design criteria manual for adoption. This manual specifies 

the post-construction water quality requirements for new development and re-development. It 

encourages and incentivizes low impact development and includes expanded and updated criteria 

and standards for green infrastructure. Some of the local responsible entities also have local 

programs to regulate erosion on construction sites, in addition to the state land disturbance permit 

program administered by DNR. Greene County has had a local grading permit program for many 

years. The city of Springfield implemented a local land disturbance permit program in 2009.  

Water quality requirements do differ somewhat between jurisdictions. For example, some 

jurisdictions require erosion and sediment control basins during construction, but these BMPs are 

not required as permanent features upon completion of the development project.  The city of 

Springfield, on the other hand, requires permanent water quality BMPs (normally a minimum of 

extended water quality detention) for the first one-inch of runoff for all developments that will 

produce greater than one acre of impervious area. As mentioned earlier, this will soon be changed 

to apply to any development that disturbs greater than one acre of land. This objective has therefore 

largely been met, but differences between programs may need to be evaluated and discussed.  

Objective 4: Acquisition and preservation of undeveloped riparian corridor, floodplain and 

sinkhole properties: Both the city of Springfield and Greene County have actively pursued land 

acquisition since 2010, as well as before. Although many of the acquisitions occurred to protect 
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properties from flooding damage, all have decided water quality benefits. Greene county property 

acquisitions for 2010-2015 included one sinkhole property (0.3 acre), and four floodplain 

properties (where dwellings were removed), totaling 6.25 acres. During the same time period, the 

city of Springfield acquired five sinkhole properties (totaling about one acre), and seventeen 

floodplain properties (totaling about three acres). In several of these cases, homes or other 

structures were removed and the filtration and buffering capacity of the sinkholes or floodplains 

restored or enhanced with the planting of vegetation. 

As part of the James River Riparian Corridor Restoration Project, conservation easements have 

been acquired (totaling nearly 300 acres) along the James River. Riparian restoration work has 

proceeded at several of these sites. Using a STEP-1 model, OEWRI has estimated that protecting 

and enhancing these areas has prevented 2,376 pounds of nutrients from entering the James River.  

Objective 5: Promote low impact development: The “flagship” LID project for the JRBP, and for 

commercial development in the Springfield region, was the Greene Circle Shopping Center on M 

Highway in south Springfield, in the Wilsons Creek Watershed. This demonstration project, 

partially funded through the WQIP Grant, achieved a platinum rating in LEED. Construction began 

in 2007 and included a vegetated “green” roof, pervious pavement parking lot, bioswales and a 

10,000 gallon cistern used for flushing toilets. A case study produced in 2009 on the project 

(“Green is Half the Story”) was printed and widely distributed by the JRBP and its partners. In two 

years of stormwater runoff monitoring, this highly pervious site produced zero runoff. Since its 

completion, Green Circle has been used for numerous field trips and workshops. The experience 

of approving a LID project was also helpful for Springfield planning officials, since this project 

served to facilitate and streamline the process of incorporating LID strategies into new 

development. Springfield and Greene County planning officials now discuss LID practices with 

developers and engineers early in the development review process. This, in effect, has become the 

“front line” for the promotion of LID. 

The “Ripple Effect” Conference, sponsored by the JRBP and held in Springfield in 2008, attracted 

80 participants including architects, engineers, developers and city and county officials. A survey 

conducted after the conference indicated that participants learned a great deal from the content and 

presentations. The JRBP has been promoting LID practices through many other channels, such as 

at the Chamber of Commerce Expo in 2010 and a field trip in 2008 for engineers and architects to 

sites where LID practices have been installed.  

In 2014, the city of Springfield completed the installation of LID techniques at the Government 

Plaza, at the parking lot and entrance to the Busch Municipal Building, in the Wilsons Creek 

Watershed. This exercise helped city planners and engineers to understand how LID practices can 

be used to retrofit existing development. The Government Plaza project is also highly visible to 

the public, so has the added value of educating citizens, developers and engineers about what LID 

practices are and what they look like. The city has also incorporated LID design strategies into 
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streetscape projects, with pervious pavement, rain gardens and bioswales. These practices are also 

highly visible and aesthetically pleasing to the public. 

Although there are now several LID projects in the Springfield area, this approach to development 

remains far from mainstream, especially in the private sector. The first private developers who 

wanted to use LID in Springfield were frustrated by what turned out to be a cumbersome review 

and approval process. City planners had to determine how LID could be accommodated within 

existing codes and regulations, which lengthened the review process. In some cases, the specific 

technical requirements of city codes and regulations actually discourage LID practices. Because 

many contractors do not yet appreciate or understand LID practices, construction bids may be 

higher to cover unforeseen delays or technical problems. Although most city and county officials 

are quick to point out that they do not discourage LID, methods to actively encourage or promote 

it vary among development review entities. The city of Springfield, in its stormwater design 

criteria manual, actually promotes the use of LID in development. But for more rapid and 

widespread adoption, LID needs to be better understood by a wider cross section of local architects, 

engineers and contractors; and more actively embraced and incentivized by local planning and 

development review authorities.     

 

Education  

 

During meetings held in 2007-8 for development of the 2010 watershed plan, stakeholders 

developed goals and objectives for education and outreach. These were largely focused on 

stormwater quality improvement and erosion reduction. Stakeholder and advisory committee 

members agreed that public education is key to implementation of a successful watershed 

management plan. Some of the objectives for education include training for developers, 

contractors, installers, maintenance providers, and engineers on the practice and function of 

BMP’s, as well as education of streamside landowners and the general public.  

 

Increased public awareness about the causes of non-point source pollution as well as possible 

alternatives to current practices go hand-in-hand with all nutrient reduction and other water quality 

improvement initiatives. The education and outreach efforts identified in the plan were intended 

to build upon existing programs delivered by the City of Springfield, Greene County, the JRBP 

and other watershed organizations, cities, counties and agencies. The stakeholders also suggested 

that new programs should be developed in areas of need or to address specific areas of concern. 

Suggested additional educational efforts included those targeted to yard waste recycling, runoff 

prevention (rain gardens, bioswales), planting native varieties, getting soil tests, fertilizing only 

when needed, using rain barrels for yard watering and using less toxic chemicals in home and yard 

maintenance. Most of these educational programs are now underway and are being actively 

delivered by cities, counties, agencies and organizations in the Wilsons Creek Watershed. The 
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following education objectives were developed for inclusion the 2010 watershed plan. Under each 

objective is a discussion of activities that can be applied toward meeting that objective. 

 

Objective 1: Radio/TV public service announcements: Almost every major water quality project 

implemented by the JRBP and other resource management organizations and agencies contains 

one or several public service announcements. Local TV and radio stations have generally shown 

interest in water quality messages and have been willing to run PSAs to improve public 

understanding of problems and concerns related to water quality. The JRBP along with the city of 

Springfield produced many radio and/or TV PSAs as part of the education components of the 

Community Foundation funded “What Goes Around Comes Around” Project, the James River 

Riparian Corridor Restoration Project, and the Water Quality Improvement Project (WQIP). The 

city of Springfield has also run numerous PSAs related to stormwater and storm drain education.  

Objective 2: Grading contractor certification training: In 2009, the city of Springfield implemented 

its new land disturbance permit program, which included provisions for ongoing training for land 

disturbance contractors. The city has held eight erosion/sediment control workshops since 2010, 

with a total of about 200 people in attendance. In 2014, the city also began requiring mandatory 

training sessions for contractors as part of the city land disturbance permit process, with 161 

attendees since then. Typically, people from surrounding areas attend the city’s training sessions, 

as many of them work both inside and outside the corporate limits of Springfield. Most of the 

smaller responsible stormwater management entities in the sub-basin do not have their own 

certification or training programs for grading contractors. In some cases, the education of 

contractors is at least partially obtained via pre-construction meetings.  

Objective 3: River Rescue: River Rescue has been held on the James River or Finley River every 

year since 1997. Over the last five years, an average of about 200 people have shown up to help 

with the river clean-ups and five tons of trash have been collected at each clean-up. Collected 

materials that can be recycled are taken to recycling centers. Along with the River Rescue clean-

up event, the JRBP also sponsors River Jam, a celebration featuring education displays and 

exhibits along with local artists and musicians. River Jam was originally held on the Finley River 

at Ozark, but over the last few years has been held on the square in downtown Springfield. About 

5,000 to 8,000 people attend the annual River Jam. In 2016 the River Jam was moved back to the 

Finley River in Ozark, with a wider selection of water quality focused activities and events. 

Objective 4: Rain gardens/rain barrel campaign: The JRBP and its many water quality partners 

have conducted active campaigns to raise awareness about water quality for many years, including 

rain garden demonstration projects and campaigns to encourage people to install and use rain 

barrels. The JRPB and other watershed organizations and resource agencies have sponsored 

presentations on rainwater harvesting at many events, such as the Home Builders Show, Lawn and 

Garden Show, Master Gardeners and Downton Farmers Market. Rain garden and rain barrel 

information was widely distributed during these events. Brochures on building rain gardens and 

rain barrels were produced and widely distributed.  
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In order to promote wider use of harvested rainwater, the JRBP and WCO worked with the city of 

Springfield and watershed organizations to change plumbing codes to allow for the use of 

harvested rainwater. One code change allowed harvested rainwater to be used for toilet flushing in 

commercial settings, and a new ordinance in Springfield now allows harvested rainwater to be 

used in residential settings for toilet flushing. As part of the JRBP portion of the WQIP project, 

the first residential home demonstration of the use of harvested rainwater was completed, using a 

3,000 gallon cistern. Also, the JRBP worked to install large cistern rainwater harvesting systems 

at the Community Center in the city of Ozark and at the Green Circle commercial development in 

south Springfield.    

Objective 5: Streamside landowner education: As part of the James River Riparian Corridor 

Restoration Project, JBRP participated in ten television interviews in a series called “River Talk” 

that aired on KOLR-TV and KSMU Public Television. Also as part of that project, thirteen field 

days were held, with over 200 people in attendance. Ten workshops on riparian protection and 

restoration were also held, with 100 in attendance, and three newsletters were produced, with 6,600 

distributed. The JRBP collaborated with the Upper White River Basin Foundation in producing 

the booklet “Living with Land and Water in the Ozarks,” targeted to riverside landowners. JRBP 

mailed this booklet to landowners who returned surveys in connection with the James River 

Riparian Corridor Restoration Project. 

Objective 6: Water Quality Newsletters:  The JRBP, as well as most of its water quality partner 

agencies and organizations, routinely publishes newsletters to update members and watershed 

residents on water quality concerns and watershed protection and restoration activities. For 

example, newsletters (6,600 distributed) were developed during the James River Riparian Corridor 

Protection and the Urban Watershed Stewardship Project. Like many organizations and agencies, 

the JRBP now publishes its newsletter in digital format and includes regular blogs. 

Objective 7: Websites: Almost every water resource agency and watershed organization in the sub-

basin now has a website. For the most part, the websites are actively linked and information is 

readily obtained and shared among partners and users. The JRBP has developed a website with 

links to project pages, watershed maps, water quality information and related organizations and 

agencies. This website now features regular blogs. A website was developed as part of the Big 

Urbie Project to explain the project and show images of activities, including the installation of a 

host of urban water quality BMPs. In addition, the city of Springfield has excellent websites with 

maps and information for stormwater and environmental services offered by the city. Much of the 

JRBP and WCO information is on the city’s websites, and vice versa.  

Objective 8: Water quality toll-free line: A toll-free line was established as part of the James River 

Stormwater 319 Project. This line had 1,600 hits during the two-year project period. The hotline 

has now been discontinued. Calls and inquiries to the JRBP now come via the regular 1-888-924-

WATE(R) (9283) telephone number.  
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Objective 9: Media outreach projects: Almost every water quality program or project in the 

watershed now includes provisions for media involvement and outreach. Local agencies and 

organizations recognize the importance of the media in getting the word out about watershed 

problems and solutions, especially related to citizen involvement in hands-on watershed projects. 

For example, media attention centered on the septic pump-out program has resulted in hundreds 

of calls about septic system care and maintenance. Contact through this program also allows for 

more in-depth conversations with landowners about water quality and pollution problems. Rain 

gardens and rain barrels have also been subjects of intensive media campaigns. Media assistance 

called attention to the “How to Build a Rain Garden” brochures in 2010. Also in 2010, rain gardens 

kits were developed as part of the “50 for 50 Rain Garden Project.” Kits included soil, plants, 

mulch and planting and maintenance guides. Media events illustrated the simplicity, usefulness 

and beauty of rain gardens. 

Media outreach has also resulted in better attendance at watershed events such as river clean-ups. 

Eleven public service announcements resulted in 200 attendees (picking up 6 tons of trash) at six 

river-clean ups sponsored by the JRBP. Media attention also helped raise awareness about the use 

of native vegetation in restoration projects. Six volunteer planting days, utilizing native vegetation 

in riparian zones, attracted 112 attendees as part of the Big Urbie project. Media outreach also 

helped the Big Urbie project during seven clean-up events, where 319 people attended (removing 

4.3 tons of litter).  

Local watershed organizations have also used the media extensively to assist in educating the 

public about pet wastes and sinkhole and riparian protection. Similarly, media outreach played a 

major role in disseminating information and education during the “Storm Drain Reveal” and “Rain 

Barrel Reveal” projects, described in objectives 10 and 16 below. Just as importantly, these media 

outreach efforts also educate media representatives about local water quality problems and what 

is being done to address them.  

Objective 10: Storm drain manhole cover design: The city of Springfield Stormwater Services 

Division conducted manhole design contests, and now uses these water quality messaged manholes 

for replacements in the city stormwater system. “Storm Drain Reveal,” initiated in 2011 by the 

JRBP and city of Springfield, featured ten artists who decorated ten storm drains in downtown 

Springfield every year for four years, resulting in a total of 40 painted storm drains. A brochure on 

“storm drain reveal” was produced during each year of the program. JRBP personnel attended two 

events each year to specifically promote Storm Drain Reveal. The JRBP received calls from many 

other cities about how to carry out such a project. Also, as part of the James River Stormwater 319 

Project, 1,042 storm drain markers were produced. Most of these have now been placed on storm 

drain manhole covers in the sub-basin. 

Objective 11: “What Goes Around Comes Around” education campaign: Using a Community 

Foundation of the Ozarks Grant, JRBP and the city of Springfield produced a website (56,433 hits 

over 5 years), hotline (1,557 calls over grant period), radio PSA, 11 billboards, ten bus bench spots, 
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and four posters on buses, all of which were featured in the greater Springfield metropolitan area. 

The JRBP feels that this program was very successful in getting the word out about stormwater 

and its potentially polluting effects, and therefore led to greater attention to and success in the 

subsequent “storm drain reveal” and “rain barrel reveal” projects. 

Objective 12: Project WET/Stormwater education in public schools: Project WET (Water 

Education for Teachers) is a teacher-developed, teacher-tested program to deliver hand-on, 

interactive water-oriented education to school children. From 2010 to 2015, twenty-four 

elementary teachers (25 students each) attended Project WET workshops in the Middle James 

River Sub-basin. During the same period, eleven middle school teachers and eight high school 

teachers (representing an average of 100 students each) attended Project WET workshops, for a 

total of 600 students/yr. for elementary school and 1,900 students/yr. for middle and high schools 

reached via WET programming. 

Objective 13: Presentations, community events, displays: The number of activities serving to fulfill 

this objective is very large. Every water quality agency and organization in the basin participates 

in many public events where water quality is featured or discussed. As examples, thirteen field 

days and ten workshops were held during the James River Riparian Corridor Restoration Project 

sponsored by JRBP; twenty-two public presentations on urban BMPs were delivered during the 

Big Urbie Project. The city of Springfield Environmental Services Department has booths and 

displays at a wide variety of community events—dozens every year. At every one of these events, 

information from local watershed groups is presented on topics such as rain gardens, rain barrels, 

and better watershed practices. The Watershed Committee of the Ozarks (WCO) has held a 

monthly meeting every month since 1988, at which local watershed issues and concerns are 

discussed. Representatives of most of the local water quality agencies and organizations regularly 

attend these meetings.  

Objective 14: Watershed education for Springfield, Greene County youth: In fulfillment of an 

objective in the 2010 watershed plan, the Watershed Committee of the Ozarks (WCO) has taken 

responsibility for delivering youth-oriented watershed education at the new Watershed Center in 

Springfield. From 2010 through 2015, 13,435 youth attended water programs and field trips at the 

Watershed Center. The JRBP and other organizations and agencies typically partner in developing 

and delivering this educational programming. In addition, the JRBP each year sponsors Watershed 

Festivals in Christian County, with over 1,100 kids per year in attendance. 

Objective 15: Urban lawn testing: The JRBP has had great success with its urban lawn testing and 

nutrient management programs. As part of the James River Stormwater 319 Project, 306 urban 

management plans were written. Also in that project, a lawn care education folder was produced 

and widely distributed. As part of various grant-funded projects, about 140 additional residential 

and agricultural soil tests/nutrient management plans were produced.   

Objective 16: Rain barrel Reveal: Through a program administered by the JRBP, ten rain barrels 

per year were painted by local artists. These rain barrels were then displayed at public events and 
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ultimately auctioned off. Rain Barrel Reveal continued for four years, producing a total of 40 rain 

barrels. At the end of the Rain Barrel Reveal Program, the JRBP moved into another four-year 

phase of its public stormwater education programming, the “Storm Drain Reveal” project, 

described in Goal 10. 

Objective 17: Septic tank pump-out program: Like the urban lawn testing program, the septic tank 

pump-out program has been very successful. As part of the Show-Me Yards and Neighborhoods, 

Farms and Ranch Project, 204 septic pump-outs (1,000 gal. average size of tank), along with five 

training workshops and one homeowner field day were held. The JRBP pump-out program now 

averages about 200 systems/year, at a cost to homeowners of $125-300 each. The JRBP provides 

a $50 rebate to homeowners, which has been funded through grants, starting with James River 

319, then following with a succession of grants and partnership arrangements with Missouri 

Department of Conservation, National Fish and Wildlife Foundation, Bass Pro Shops and Ozark 

Water Watch. 

 

 BMPs to be implemented as part of the Plan Update 

 

Riparian Zone Protection and Restoration: Healthy riparian zones are the first line of defense for 

streams and probably the most important management measure for protecting water quality. 

Because of the effects of urbanization and agricultural practices, much of the riparian zone in the 

Wilsons Creek Watershed has been removed or diminished in size or condition. The critical nature 

of vegetated riparian zones to stream health has been well established. The goal for this BMP 

objective is to secure a large portion of the riparian area along Wilsons Creek in some form of 

permanent protection, most commonly through conservation easements. Within the riparian zones, 

an objective is to restore vegetative cover and health of the riparian zone to the extent possible 

with native trees and forbs, and remove or reduce nuisance invasive species that diminish habitat 

and lessen erosion protection. Another objective is to restore at least 100 feet on both sides of the 

stream to a healthy condition, with banks well protected from erosion. However, reduced setbacks 

and narrower protected corridors may be necessary in many location due to topography, property 

lines, roads, and other constraints in fully developed areas. The SWAT model identified riparian 

zones to be targeted for protection: These areas are along Wilsons Creek proper, Jordan Creek, 

Fassnight Creek and South Creek. However, refined monitoring or modelling programs in the 

future or priorities identified during the Integrated Plan for the Environment process may also be 

used to identify key areas needing protection.  

Stabilized stream banks and healthy riparian zones reduce sediment and nutrient loads reaching 

the stream. The James River TMDL estimated that 0.033 to 0.06 tons per acre per year of sediment 

reaches the James River from streambank erosion. A study of 748 streams across the county found 

that 67% of stream bends without vegetation suffered major erosion. A study by Dove et al. (2008) 

of the Ward Branch restoration project in Springfield developed local estimates of sediment and 
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nutrient removal by re-vegetated stream corridors. Bank and floodplain soils in the restoration area 

were found to contain 0.035 pounds of phosphorus per cubic foot. This means that even minor 

erosion has the potential to release significant loads of phosphorus into Ward Branch and the James 

River. Stabilized corridor along Ward Branch was estimated to remove about 0.6 pounds of 

phosphorus per lineal foot of corridor over the 50 year design life of the BMP. 

In a study completed in 2015, OEWRI indicated that implementing a conservation easement and 

restoring/enhancing the riparian corridor could significantly reduce sediment and TP loads to 

Wilsons Creek by reducing nonpoint source pollution (OEWRI, 2015b).  Load estimates suggest 

bank erosion was currently a significant source of sediment and nutrients to the creek and if bank 

erosion was reduced by 25% by implementation of a riparian corridor easement, sediment loads 

could be reduced by 31% and TP loads could be reduced about 4% at the outlet of the 12-digit 

HUC 110100020303 (Headwaters Wilson Creek ).  Assuming bank erosion was reduced by 50% 

by implementation of a riparian corridor easement, sediment loads could be reduced by 63% and 

TP loads could be reduced almost 8% at the watershed outlet. Studies of bank erosion and riparian 

degradation by OEWRI indicated that protecting, restoring and stabilizing a 200-foot wide riparian 

corridor (100 feet along each side of the stream), should reduce the loading of sediment by 13,153 

pounds/acre/yr., TN by 7 pounds/acre/yr., and TP by 4.7 pounds/acre/year. These loading 

reduction estimates were used to calculate the load reductions and water quality improvements to 

be derived from protecting and restoring 300 acres of riparian corridor along Wilsons Creek (see 

Table 9, p. 100). 

Costs for streambank stabilization and corridor restoration are fairly high. The cost of the Ward 

Branch restoration project was estimated at $269 per linear foot. To re-establish trees and other 

vegetation in a 100-foot wide corridor was estimated at about $20 per linear foot to install, and 

$140 per linear foot to maintain for 50 years. In the Ward Branch restoration project, the estimated 

costs for phosphorus removal were $188 per pound. The authors felt that given its condition, costs 

for Jordan Creek corridor restoration would be higher, about $278 per pound. These costs are high 

in comparison to the cost of P removal at the SCWP ($4.60 per pound), but lower in relation to the 

costs of P removal in stormwater BMPs ($466 to $ 1,535 per pound). Better more innovated and 

less expensive methods for stream bank restoration will continue to be sought. For the purposes of 

developing a general budget (see Table 10, page 106), it was estimated that 300 acres of corridor, 

with an average width of 200 feet (100 feet along each side of the stream), would be protected and 

restored. It was estimated that restoration costs such as tree planting in the corridor and removal 

of invasive species would be about $2,000/acre. But costs of streambank stabilization and 

restoration would approach $270 per linear foot. Assuming that about half of the linear 

streambanks in 200-foot corridor in the 300 acres (65,340 feet) would need restoration work in the 

highly degraded and destabilized channels of urban and urbanizing stream zones, this restoration 

cost would approach $9,000,000 over the twenty year period of the plan.   

There are also costs associated with securing land into conservation easements. From the JRBP’s 

experiences during the Wilsons Creek Riparian Corridor Restoration 319 grant, it has been 
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estimated that the “up front” costs of placing land into conservation easements, including legal 

fees, surveys, staff time, etc., will be in the range of $1,500 per acre. This does not include costs 

for streambank stabilization, if necessary, or ancillary costs such as fencing to exclude cattle. 

However, conservation easements offer the best long-term protection for riparian areas, so are 

heavily stressed in this plan. For budgeting purposes, it was assumed that the cost for the 

incorporation of conservation easements for the 300 acres in the 20-year plan would be $1,500/acre 

(see general budget on page 106). 

Figures 20 through 25 are maps generated by the city of Springfield GIS Department of sections 

of Wilsons Creek and its major tributaries with stream segments superimposed as blue lines. These 

are the priority areas for riparian BMPs, including riparian corridor protection and restoration, 

streambank stabilization and conservation easements. Figure 20 is lower Wilsons Creek. The 

priority area for BMPs is the section between Scenic Avenue on the east and Farm Road 123 on 

the west. This riparian zone includes Wilsons-Rutledge Farm, a component of the city of 

Springfield Parks Department, on the western end. The corridor there is in need of restoration 

work. Since this is public land, placing it into a conservation easement should also be simpler. The 

section of riparian corridor just east of the Southwest By-pass, though currently in fair condition, 

is facing development pressure and therefore in need of protection. Ozark Greenways has 

identified a landowner in this area potentially willing to enter land into a conservation easement. 

Therefore, this section of stream is a priority area in the plan. 

Figure 21 shows the lower Jordan Creek riparian corridor. The lower section of the creek, from 

Main Street to the confluence with Fassnight Creek, is below the large “hot zone” areas of both 

the north and south branches of Jordan Creek. South of Mt. Vernon street, the riparian corridor is 

in fair condition (width-wise), but for most of the rest of this segment, the corridor is either non-

existent or in poor condition. This stream distance of about two miles along Jordan Creek will 

therefore be a priority area in this plan for corridor restoration and conservation easements. Most 

of the land in this corridor is in private property, except for the “Dog Park,” a component of the 

city of Springfield’s Park Department, located near Bennett Street, which could provide an 

opportunity for a demonstration corridor restoration area. 
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Figure 20: Wilsons Creek Riparian Corridor 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Lower Jordan Creek Riparian Corridor 

 

Figure 22 shows the Jordan Creek riparian corridor in the area if “West Meadows,” a component 

of the city of Springfield’s Parks Department. A riparian corridor restoration and conservation 

easement opportunity is presented between Fort and Grant Streets during the development of West 

Meadows Park. The corridor in this area is currently either non-existent or in very poor condition. 

This section will be a priority for restoration. Figure 23 shows the riparian corridor of Fassnight 

Creek, another tributary of Wilsons Creek. The lowermost 1.75 miles of Fassnight Creek, from its 

confluence with Jordan Creek upstream to Campbell Avenue, is downstream of the major “hot 

zone” critical area in the Fassnight Creek sub-watershed. The corridor is in fair condition only in 

the vicinity of Elfindale, with the remainder either non-existent or in very poor condition. For this 

reason, this segment will be a priority for riparian restoration and conservation easements. One of 

Springfield’s high schools, Parkview, is also located along this corridor, which presents 

opportunities for riparian corridor restoration education and demonstrations.  
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Figure 22: Jordan Creek Riparian Corridor in the West Meadows Area 

 

 

Figure 24 shows the riparian corridor of South Creek west of Kansas Expressway. Much of this 

corridor is in poor condition, or is non-existent. Opportunities for restoration and conservation 

easements are presented west of Scenic Avenue, where a public golf course is located, and east of 

Scenic, which contains Nathaniel Greene Park and the Springfield-Greene County Botanical 

Center. This will be priority areas for corridor restoration and demonstration projects. Figure 25 

shows the lower section of South Creek from Golden Street to its confluence with Wilsons Creek. 

The lowermost 2.5 miles of South Creek, from the Wilsons Creek confluence upstream to Kansas 

Expressway, are priority areas for corridor restoration and conservation easements. Ozark 

Greenways has established trails through the riparian corridor in this section, which will provide 

enhanced opportunities for public education and involvement in restoration projects. 
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Figure 23: Fassnight Creek Riparian Corridor 

 

 

:Figure 24: Middle South Creek Riparian Corridor 
I  
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Figure 25: Lower South Creek Riparian Corridor 

 

In 2014, the city of Springfield, using funds awarded through a grant from the MDNR and 

additional funds from the ¼ cent Capital Improvements Sales Tax and the 2006 Springfield-Greene 

County Parks and Waterways Sales Tax, began implementation of a very successful restoration 

project along South Creek in its upper portions, from National to Kansas Streets. Construction 

began in July 2015. This $1.2 million project removed concrete trickle channel and restored the 

creek to a more natural conditions for about 1 mile, improving habitat for aquatic and riparian 

corridor animals and plants. This project marked the first time there was a concerted effort to use 

native plants in a publicly funded capital project. The James River Basin Partnership is monitoring 

aquatic life before and after the implementation of the project, and is also providing education and 

outreach assistance for the city. OEWRI is providing water quality monitoring. The South Creek 

corridor restoration project will be used as a model for further riparian protection and restoration 

projects within the city of Springfield and surrounding urban areas. 

Sub-area 4, the southern section portion of the Wilsons Creek watershed, is primarily in 

agricultural uses. Riparian zone protection and enhancement will be priority here as a vegetative 

buffer between agricultural land-uses and the stream. Wilsons Creek runs for about 7.4 miles 

through Sub-area 4. If a 200-foot wide riparian zone is protected and/or restored along this entire 

stream length and placed into conservation easements, about 179 acres of land will be placed into 

permanent protection. 
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Detention Basin Retrofits: Retrofits of existing large detention basins has been identified as a “low 

hanging fruit” in terms of providing water quality protection with a low cost to benefit ratio. Since 

these basins are already installed, there is no need to secure additional land for a retrofit. The 

SWAT modeling has identified “hot spots” in terms of sediment and nutrient loading in the sub-

basin. OEWRI monitoring has also provided technical data on the performance and pollutant 

removal capabilities of retrofitted basins. The “hot spot” areas will be overlain in a GIS with 

existing detention basin locations to determine “restoration opportunity areas (ROAs),” basins 

with potentially high retrofit benefit to cost ratios. Larger basins will be targeted initially for 

retrofits to provide treatment sooner for larger volumes of stormwater runoff and higher removal 

efficiencies of pollutants. 

The city of Springfield has been investigating detention basins for potential water quality retrofits 

as part of the “Integrated Plan for the Environment.” Two retrofit options are being investigated. 

The first option is to downsize the outlet structure to achieve additional water quality treatment, 

referred to as extended detentions. This allows more time for sediment and attached nutrients, such 

as phosphorus, to settle out. The second option examines downsizing the outlet structure but also 

improving the infiltration rate of the basin and adding landscaping to the basin floor and berms 

including trees, shrubs and perennials. The second option improves stormwater infiltration and 

treatment but also increases the amount of maintenance that will be required in the future. 

There are about 1,500 detention basins within the city of Springfield, the vast majority of them 

privately owned and maintained. Based upon a cursory examination of these basins, it appears that 

the ones constructed between 1995 and 2005 lend themselves best to retrofitting. That is because 

these basins would be large enough to detain and treat runoff from the 90th percentile storm for 24 

to 48 hours. 178 basins were built within this time frame, with 49 of them located within the 

Wilsons Creek watershed. These basins would collectively treat runoff from 909 acres.  

From May 2012 to April 2015, OEWRI conducted monitoring of two basin retrofits in the city of 

Springfield—one at Drury University, the other at Missouri State University (OEWRI, 2015a). 

Basins were monitored for 22 to 26 months prior to the retrofits, and for 7 months after. Retrofitting 

decreased TSS loads from 70 to 78% and TP loading from 66-75%. For its study of the effects of 

basin retrofits, the city of Springfield used the Center for Watershed Protection’s Urban 

Stormwater Retrofit Practices (CWP Manual 3, August 2007) to determine the pollutant removal 

capabilities of basin retrofits. Using the CWP’s stated removal efficiencies, the 49 basins in the 

Wilsons watershed, if retrofitted, should collectively be able to remove about 275 pounds of 

phosphorus per year. However, data collected by OEWRI on the two retrofitted basins in 

Springfield indicated that retrofitted basins in this topographic setting should remove an average 

of 1.1 pounds of TP, 4.4 pounds of TN, and 2,112 pounds of sediment per acre treated. The CWP 

average removal efficiency given for TP was over 10 pounds per acre treated. For this plan, the 

more conservative estimates derived from the OEWRI data were used, since these should be more 

relevant to the actual soil and site characteristics of the Springfield urban area. Using the OEWRI 

data, and assuming that 20 basins will be retrofitted over 20 years, with an average drainage basin 
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size of 3 acres; and assuming that the larger basins within “hot zones” will be targeted, the total 

removal of TP expected over the 20 years of the plan was 66 pounds/year. Similarly, the OEWRI 

retrofit treatment data and same basin characteristics were used to calculate loading reductions for 

TN and sediment. (see Table 9, page 100).  

The average cost per basin for retrofits is about $11,000 for the simple extended detention and 

$83,000 for the landscaped bioretention option. Also, the bioretention basins would cost more to 

maintain, and unless changes are made in city policies or ordinances, these costs would have to be 

borne by the owners of private basins. For the purposes of developing a budget for this plan, it was 

assumed that all basins would incorporate vegetative treatments in order to maximize treatment 

efficiencies and provide for maximum water quality improvements for water draining to the basins 

(see budget on page 106). 

Removal, Reduction and Disconnection of Impervious Surfaces: In an effort to reduce 

imperviousness in the sub-basin, the removal, reduction and disconnection of existing impervious 

surfaces will be emphasized in re-development and retrofit projects. Impervious area reduction 

will be first focused in the critical areas identified by OEWRI modeling (see Figures 17-19, pp. 

60-62). The use of pervious materials in roads and parking lots will be stressed, particularly in 

riparian corridors and critical areas. Because of the limited opportunities available to reduce 

impervious areas in existing developments, the use of pervious surfaces in new development will 

be emphasized. However, in the most developed portions of the sub-basins, there will be more 

opportunities for retrofitting during normal re-development processes. Since it is difficult to 

estimate the scale of pollutant load reduction from the elimination of imperviousness, this practice 

will not be quantified in BMP load reduction estimates. Rather, it will be assumed that any 

reductions gained will have positive benefits in terms of stormwater volume reduction and 

pollutant removal. Thus, in conjunction with other BMP implementation, impervious area 

reduction will certainly help to meet water quality goals.   

Tree Planting: Tree planting and vegetative cover re-establishment will be emphasized in urban 

and urbanizing zones of the sub-basin, particularly in riparian corridors and priority areas currently 

lacking healthy vegetative cover. The “tree value calculator” website suggests that a 25% increase 

in urban forest canopy will result in an 11% decrease in stormwater runoff. Trees as BMPs are 

also desirable to the public. Most people understand and appreciate the value of trees in urban and 

urbanizing settings, especially for cooling and oxygen replenishment. Trees provide multiple 

benefits for both air and water quality as well as a tool to disconnect impervious surfaces. Tree 

planting is an ideal way to involve volunteers and the public in restoration efforts. However, the 

actual stormwater and pollutant reduction attained by trees is highly variable, depending on the 

tree species, age, location, land-use in the drainage area and other factors. Rather than using a 

specific per-tree estimate of these reductions, it is assumed that trees and other vegetation, 

especially in riparian corridors, will reduce sediment in runoff by preventing erosion, and large 

areas of forest cover will uptake significant amounts of stormwater and nutrients Thus, in 
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conjunction with other water quality BMPs, healthy vegetative cover will help to achieve water 

quality goals. 

Soil Restoration:  Poor and compacted soil has low to no infiltration capacity and functions as an 

impervious surface. Bringing stormwater into contact with healthy soils, mulch or compost 

increases infiltration capacity and treatment of stormwater providing a relatively inexpensive 

means for reducing pollution. Opportunities will be sought to improve soil structure in order to 

facilitate infiltration and treatment capacity particularly in priority areas. Specific load reductions 

will not be calculated but a reduction will be assumed based on increased infiltration and treatment. 

Rain Gardens and Rainwater Harvesting: These will continue to be promoted as BMPs, but 

primarily for their education value and for involving citizens in water quality restorative activities. 

Rain barrels are practical means for homeowners to collect usable water and thus conserve the 

public water supply. Individual barrels do little to improve water quality or reduce stormwater 

runoff, but large rainwater harvesting systems collecting thousands of gallons do have measurable 

effects on stormwater runoff volumes. Therefore, while technical assistance and rebate programs 

will still be made available to the public for rain barrels, the primary emphasis moving forward is 

to implement larger harvesting programs, including commercial and industrial settings. Many 

commercial and industrial facilities have large roofs and could therefore collect significant 

amounts of stormwater. Programs to encourage and incentivize larger harvesting systems at the 

residential scale will also be emphasized. Conceivably, future cost-sharing for these programs 

could be considered as an incentive. Similarly, technical assistance and possibly plant materials 

could be offered to landowners who wish to install a rain garden on their property. However, large 

amounts of public funds would not be spent on garden installations unless they are part of the 

overall stormwater management plan for a project, such as a large residential subdivision or 

commercial development. Because of the relatively small pollutant removal and stormwater 

volume reduction obtained from individual rain gardens and rainwater harvesting systems, these 

practices will not be included in estimates of loading reductions.  

Nutrient Management Plans: This service has been discontinued by the JRBP, but will be re-

developed for future use. This program provides a good way to engage landowners, provide water 

quality education, and develop relationships with watershed residents. In many parts of the sub-

basin, opportunities for riparian zone restoration or basin retrofits may be very limited to non-

existent, so in this case public education and participation through the lawn nutrient management 

program will become more essential. Along with nutrients, pet waste management could be offered 

as a public education component, with the possibility of adding animal waste composting facilities, 

for example at one of the local dog parks located near Wilsons Creek. Because of the problems 

inherent in tracking actual loading reductions from these measures, they will also not be including 

in loading reduction estimates. In the agricultural areas of the Wilsons Creek Watershed, nutrient 

management will be stressed as a BMP. Most of the agricultural area in the watershed is in Sub-

area 4. SWAT modeling identified a large critical area here for potential sediment and nutrient 

losses. About 2,000 acres in Sub-Area 4 is in hay crops, with a small percentage of row-cropping. 
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NRCS funds will be targeted to agricultural uses here through the “Our Missouri Waters” 

Initiative, which is increasing the funding for EQIP practices in the James River Basin. 

Education and Outreach: Because the education/outreach activities of the past have been very 

successful at raising citizen awareness of water quality problems and solutions, these same 

education goals will continue to be used in the future. However, there will be an increased 

emphasis on implementing new ways to engage and involve watershed residents in watershed 

protection activities and information through social media, organized activities and public events. 

There will also be a continuing focus on educating and involving the media in efforts to protect 

and enhance water quality. 

Dedicated, Long-term Funding for Stormwater Management Programs: Representatives of cities, 

counties and responsible stormwater management entities have repeatedly expressed concern for 

their abilities to plan, implement and maintain stormwater systems, carry out system 

improvements, and buy and/or protect sensitive sinkhole, floodplain and riparian areas. These 

entities also expressed concern that funding is currently inadequate to effectively implement MS-

4 permit requirements including sediment and erosions control programs, inspections, and 

education of residents, developers and contractors. Watershed organizations will work with cities 

and responsible management entities to develop strategies for obtaining sustainable funding, and 

will work to educate the public and development interests on why this funding is necessary and 

what it will help to accomplish. In the stormwater management area, sustainable funding is key to 

accomplishing many of the goals and objectives stated in this plan. 

Agricultural BMPs: About half of the land in the Wilsons Creek Watershed is in agricultural uses, 

comprising most of the southern section of the watershed. This amounts to about 50 square miles, 

or 3.5% of the entire James River Basin. Almost all of the agriculture in the Wilsons Creek 

Watershed is in Sub-Area 4. SWAT modeling identified 1,394 acres in this Sub-Area with a very 

high potential for phosphorus loss (> 0.6 mg/l) and 6,729 acres with a high potential for phosphorus 

loss (0.150-0.60 mg/l). Best management practices will be targeted to these critical areas within 

the watershed. 

Table 6 shows the Missouri Soil and Water Program practice implementation in the Middle James 

River Sub-basin for Fiscal Year 2014 through 2016. None of the practices during that period were 

in the two HUC-12 watersheds in the Wilsons Creek Watershed, the primary focus of this plan, 

which contains mostly urban and suburban development. However, in the southern portion of the 

Middle James River Basin, an estimated 6510 tons of soil were saved through permanent 

vegetative cover establishment. Since phosphorus is often attached to soil particles, this savings of 

soil loss will also reduce phosphorus loading to adjacent waterways by a significant amount.  
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Table 6: Missouri Soil and Water Conservation Practices in the Middle James Sub-basin HUC-12 

sub-watersheds. 

Table 7 shows the USDA-NRCS conservation investments in the James River Basin from October 

1, 2014 through September 30, 2015. In the categories of prescribed grazing, forest stand 

improvement and conservation stewardship programs, a total of 34,000 acres were enrolled during 

this period. Although there appear to be few practices installed in the Wilsons Creek Watershed, 

SWAT modeling indicates that agriculture in the southern portion of the watershed may be adding 

to water quality degradation and nutrient enrichment in Wilsons Creek. For this reason, agricultural 

BMP programs will be promoted in the identified critical areas in the lower Wilsons Creek 

Watershed, through the regular USDA planning and practice cost-sharing programs. The programs 

will certainly contribute, and potentially to a significant degree, to pollutant loading reductions. 

The agricultural BMPs that will be emphasized are those that will link most directly to water 

quality improvements, such as cattle exclusion in riparian areas and conservation easements, 

management grazing systems, forest stand improvements (particularly riparian forests), and 

nutrient management planning. The SWAT model used for the Wilsons Creek Watershed included 

a “generic” BMP buffer strip for urban applications, but this is also a standard agricultural BMP. 

However, model loadings reduction calculations were not used due to a lack of gaging information 

in the lower watershed, and because specific water quality and runoff information was not 

available.  

With the assistance and support of the NRCS and Greene and Christian County Soil and Water 

Conservation Districts, new agricultural BMPs will be targeted to the critical areas in the Wilsons 

Creek Watershed identified in the SWAT model. Sub-basin 4 has the highest percentage of 
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agricultural land and the largest critical areas in the Wilsons Creek Watershed (see Figures 17-19, 

pages 60-62). The James River Basin is a priority watershed for the NRCS, with additional EQIP 

funds being made available in 2017 through MoDNR’s “Our Missouri Waters” Initiative. 

According to the District Conservationist for the NRCS in southwest Missouri, the identification 

of critical areas in the Wilsons Creek Watershed in agricultural uses will help to leverage additional 

funding for better practices even above the EQIP priority watershed designation. These practices 

will be targeted to the prevention of soil and nutrient losses from agricultural portions of the 

watershed. 

The following types of practices will be targeted to agricultural areas within the Wilsons Creek 

Watershed: 1) Cover crops, in the relatively small area of row-cropping (primarily leased land) in 

Sub-area 4 around the Springfield Southwest Power Plant; 2) Nutrient management, to all 

agricultural lands within identified critical areas of the watershed, including row-crops, grazing 

lands and hay crops 3) Managed grazing, including rotational grazing, to grazed lands within 

identified critical areas; and 4) Vegetative buffers, especially riparian buffers within critical areas 

of the watershed. Cover crops can be expected to result in about a 10% reduction in erosion and 

15% reduction in phosphorus in runoff in the soils and slopes found in typical agricultural land in 

southwest Missouri (Spring River Nonpoint Source Watershed Plan, Draft October 2014). Nutrient 

management plans, with intensive soil testing for nutrient content, can be expected to reduce soil 

erosion by about 25% and reduce phosphorus in runoff by 25%. Managed grazing, especially 

rotational grazing where nutrients are spread more evenly over grazed lands, can be expected to 

reduce phosphorus in runoff by 25-30%. Healthy vegetative buffers can be expected to reduce soil 

erosion by about 50%, and reduce phosphorus in runoff by about 50%. 

Expanded sampling and additional stream gaging in Sub-basin 4, the lower Wilsons Creek 

Watershed, would help in the future to determine water quality changes from the implementation 

of agricultural practices and the load reduction status in Wilsons Creek. These efforts should be 

undertaken in new water quality projects within the lower Wilsons Creek watershed.   
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Table 7: USDA Conservation Investments in the James River Watershed 
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Chapter VI –New Action Plan for the Middle James-Wilsons Creek Sub-

basin 
 

(This chapter addresses Elements B, C, E and F of the nine element planning process, including load 

reduction expectations, proposed management measures, the identification and mapping of critical areas, 

the description of management measures to be used and their specific, strategically targeted areas of 

application, quantification of projected management measures, information and education strategies, an 

evaluation process to determine the success of education and outreach efforts, and the implementation 

schedule for management practices). 

This Chapter describes the new action plan for the Wilsons Creek Watershed developed as part of 

the update of the 2010 plan. Parties responsible for changes and updates to the plan include all of 

the water quality stakeholders in the Wilsons Creek Watershed and the Middle James River Sub-

basin. Specifically responsible are watershed groups such as the JRBP, agencies such as MoDNR, 

NRCS and Soil and Water Conservation Districts, and responsible stormwater management 

entities in the cities of Springfield, Ozark and Nixa, and Christian and Greene County. 

Stakeholders provided input for revisions to help this plan update more accurately reflect changes 

in water quality status, BMP performance evaluations and watershed population and land-use 

changes. This plan update will be made widely available to watershed stakeholders for review and 

comment.  

In 2015 and 2016, stakeholder discussions centered on the BMPs recommended in the original 

2010 plan and their performance monitoring and implementation status. BMPs with the greatest 

load reduction benefits or opportunities for implementation have been considered for further 

discussion. The acceptability of BMPs to developers and the public has also been considered. 

BMPs that dovetail with low-impact development strategies have been emphasized. Education 

practices have remained largely the same as in the original plan. However, there have been 

discussion about how to best target these educational programs to the intended audiences, as well 

as provisions for evaluating the effectiveness of educational programs. 

Because BMPs such as detention basin retrofits, impervious cover reduction, vegetative filters and 

riparian corridor protection have proven values in terms of nutrient and other pollutant reductions, 

they have been emphasized for implementation here. However, rain gardens could be considered 

in residential and commercial developments if they are components of treatment trains designed 

into the integrated stormwater management plan for a site. Similarly, large rainwater harvesting 

systems that have the potential to provide significant reductions in stormwater volume could be 

considered as BMPs worthy of implementation and, if funds are available, cost-sharing. 

The plan will focus attention on the need to reduce imperviousness in the urban setting, especially 

directly connected impervious surfaces. In some cases, this may be by providing incentives for the 

removal of impervious pavement and replacing it with rain absorbing surfaces and vegetation. 

during the re-development process. The addition of new impervious areas in development projects 
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will be discouraged, with the overall objective or slowing the growth of imperviousness in the 

urban area. The planting of trees may also be incentivized for their proven effects on rainfall 

interception, erosion protection, stormwater uptake and water quality protection. 

Low-impact development strategies have continued to be emphasized, with the focus being on 

how best to fold LID ideas into existing development review and approval processes. Incentives 

for using LID practices in development should be strongly considered. This update will also 

include urban soil testing, nutrient management plan development and septic system pump-outs. 

While it is difficult to estimate loading reductions derived from these programs, they provide 

excellent opportunities to educate the public and, over time, pollutant reductions will be realized 

as more residents implement better practices at their homes and businesses. In the following table 

(Table 8) are listed each of the action items (BMP types) in the original 2010 plan, their previously 

suggested evaluation measures, and changes embodied in this update: 

2010 Plan Action Item 2010 Evaluation measure 2016 Update Changes 

Implement rain garden 

demonstrations 

Calculate runoff reduction from 

each site 

Now have many demonstration 

projects. Provide technical 

assistance to homeowners as part of 

education programs, but not funded 

unless part of comprehensive 

stormwater management plans. 

Retrofit existing subdivision with 

stormwater BMPs 

Monitor storm water quality and 

quantity pre and post BMP 

installations 

Case by case basis. Grant funding 

could be used if reasonable 

expectation of significant load or 

volume reductions 

Host rain barrel program Calculate runoff capture based on 

rainfall events and numbers of 

barrels sold 

Calculate runoff volume reductions  

only if larger harvesting systems are 

used. Encourage adoption of large 

harvesting systems to conserve 

public water supplies. 

Construct detention basin retrofits Calculate increased stormwater 

detention from BMP 

Examine retrofit opportunities on 

larger basins; target retrofits to “hot 

zones.” Evaluate based on volume 

reduction and pollutant removal; 

prioritize basins based on best 

retrofit cost/benefit ratio 

Create urban lawn fertilization plans Participants/recommended 

reduction of phosphorus 

Continue primarily as an 

education/outreach activity; 

evaluate based on number of 

participants; follow-up to help 

determine actual reductions 

Create “green” streetscape demo Pre and post stormwater reduction 

calculation 

Now have several demonstration 

projects; cities and counties look for 

opportunities during normal 

infrastructure improvement process 

Promote BMPs to residents of the 

Middle James Sub-basin 

Number and location of BMPs Continue to promote BMPs, by 

working through existing education 

and outreach channels, but also by 

developing new programs and 

working through responsible 

management entities such as cities 

and counties 
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Stream corridor improvement and 

protection 

Numbers of acres and easements 

acquired 

Aggressively seek landowners to 

participate in corridor protection; 

new approaches to attracting 

participants; restoration on all 

publicly owned lands along streams 

Education provided to engineers, 

construction managers, landscape 

architects, and others involved in 

new construction 

Number of workshop participants; 

survey to determine reception and 

value of program 

Continue to provide educational 

opportunities for this group; 

encourage and assist cities and 

counties in developing and 

implementing educational programs 

Mandatory detention storage for all 

new developments 

All construction/grading plans 

reviewed and approved by 

city/county staff 

This is now done by all responsible 

stormwater management entities 

within the sub-basin 

Mandatory detention and BMP 

requirements on new developments 

All stormwater plans reviewed and 

approved by city/county staffs; 

number of other town/city 

participants 

All responsible stormwater 

management entities within the sub-

basin require plan review, approval 

and some BMPs; however some 

communities do not require post-

construction BMPs; communities 

should be encouraged to adopt 

provisions for post-construction 

BMPs 

Acquisition and preservation of 

undeveloped riparian corridor, 

floodplain and sinkhole properties 

Number of acres preserved and 

protected 

Further acquisitions encouraged; 

funding sought for acquisitions, 

including grant or local stormwater 

fees; prioritization of areas to 

acquire for greatest water quality 

benefit 

Promote low impact development Number of tools developed and 

number of recipients of tools. 

Work with cities and counties to 

encourage and incentivize LID; 

Make development review and 

approval processes easier and 

quicker; work with cities to develop 

design manuals emphasizing and 

detailing LID practices 

Radio/TV public service 

announcements 

Public response; requests for 

information 

Continue to produce PSAs as events, 

water quality problems and 

newsworthy milestones occur 

Grading contractor certification 

training 

Number of attendees Training now conducted by city of 

Springfield, and many regional 

contractors attend. However, 

training still not required by some 

entities: encourage and assist these 

entities in developing and using 

programs. 

River Rescue Public involvement, number of 

volunteers; feedback 

Continue as annual event, along 

with River Jam; monitor success by 

participants/trash removed 

Education to promote rain gardens 

and rain barrels 

Number of activities; number of rain 

barrels; rain gardens implemented 

Provide educational materials, 

designs, and technical assistance, 

but not funding for rain garden 

construction unless part of 

comprehensive site plan or 

impervious surface removal project 

Streamside landowner education 

 

Number of workshops; attendees; 

material distributed 

Continue to seek avenues to 

encourage landowners to participate 
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Streamside landowner (cont.) in conservation and restoration 

programs 

 

  

Water quality newsletters Public response; requests for 

newsletters; amount distributed 

Continue to offer information in 

various formats; e-mail marketing, 

social media, etc.; track interactions 

and reach 

Websites Tracking of website visitor numbers Continue upgrading organization 

and dynamics content of website; 

track visitors 

Water quality toll-free line Tracking of calls received Discontinued; route 

calls/complaints to appropriate 

agency/organization 

Media outreach projects Public response; requests for 

information 

Continue aggressive media outreach 

efforts 

Storm drain/manhole cover water 

quality design 

Number of covers installed Support efforts by responsible 

entities to develop programs 

“What goes around comes around” 

education campaign 

Knowledge and behavior change 

tracking 

Discontinued; now included in all 

stormwater education programming 

Project WET in public schools Number of workshops, teachers and 

students reached 

Continue successful program in sub-

basin schools; track success 

Presentations, community events, 

displays, materials distribution 

Number of activities; number of 

materials distributed 

Continue presentations at 

community events; tailor 

presentations and displays to 

intended, targeted audiences 

Watershed education for Springfield 

and Greene County youth 

Number of participants; number of 

teacher requests 

Continue programs; numbers of 

teacher requests and students at 

Watershed Center continue to rise 

Urban lawn testing Number of participants; percentage 

of plans that don’t require additional 

phosphorus application 

Continue programs as funds allow; 

continue tracking number of 

participants, and develop estimates 

of load reductions 

Rain barrel reveal Public response; requests for 

information; amount of 

informational brochures developed 

Continue educational component 

through regular rain barrel 

promotions and rebates 

Continue septic tank pump-out 

program 

Number of participants; amount of 

effluent removed 

Continue to provide as funding 

allows; continue to track 

participation and volume reductions  

Table 8: Action plan item changes from the 2010 Plan and the Watershed-based Plan Update 

In addition to the action items listed above, several others have been included in this plan update. 

These action items are listed below: 

1. For future water quality improvements in the watershed, focus most of the attention (and 

cost-share, when available) on BMPs with favorable cost-benefit ratios, particularly; 

regional detention basin retrofits into water quality facilities; protection, enhancement and 

restoration of healthy riparian zones; the reduction and disconnection of impervious areas 

through installations of green infrastructure and other means, and tree planting and other 

vegetative treatments. Work with cities to prioritize regional basins with retrofitting 

potential based on stormwater volume and pollutant reduction capabilities and modelling 

results from OEWRI. Work with riverside landowners to restore and protect riparian zones. 
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Further incentivize riparian zone protection and restoration, especially through the 

mechanism of conservation easements. Work with cities and counties to encourage, 

promote and adopt LID strategies for new development and re-development. Incentivize 

the reduction of imperviousness though cost-share or other programs and the establishment 

or urban tree cover for water quality improvements.  

2. Work with the city of Springfield, City Utilities of Springfield and Greene County through 

the “Integrated Plan for the Environment” to mitigate water quality problems in Wilsons 

Creek, Jordan Creek and the North Branch of Wilsons Creek.  The USGS, USEPA and 

OEWRI have identified low levels of metals, PCBs, and PAHs in these streams. PAHs 

have been found in soils adjacent to parking lots and stream sediments in the Springfield 

urban area at levels of concern. These compounds are known to be toxic to stream 

organisms, so may be causing ecological stresses on the aquatic environment. However, 

results from recent toxicity measurements by EPA have called into question some of the 

results from previous investigations. There are no extant TMDLs for Jordan Creek or 

Wilsons Creek as these were vacated by the U.S. Courts in 2013. 

  

MoDNR has indicated a willingness to work with the city of Springfield and other partners 

to develop an integrated, long-term strategy or “administrative measure” for reducing the 

pollutants of concern, rather than relying on the TMDL process. In fact, DNR has 

complimented the city on its “strong, positive commitment” toward addressing local water 

quality issues. In 2012, EPA issued its “Integrated Municipal Stormwater and Wastewater 

Planning Approach.” In response, the city of Springfield developed a citizen-focused 

approach to planning that included not only stormwater and wastewater needs, but included 

all environmental factors in air, land and water. The plan concept received written approval 

from MoDNR and EPA Region VII. About thirty citizens in Springfield and Greene 

County participated in an environmental priorities task force, which met for almost a year 

to discuss environmental needs and priorities in the community. Also developed during the 

planning process was a “Sustainable Return on Investment” tool, which allows users to 

evaluate environmental, economic and social costs, and a “Multiple-Criteria Decisions 

Analysis” tool, which provides a look at how different pollutants impact the environment 

and assesses the relative significance of each source. 

 

The products of the Integrated Plan should be delivered in the fall or winter of 2017. When 

the responsible planning entities have signed off on the completed plan, it will be 

incorporated as an integral part of the Middle James River Sub-basin Watershed-based 

Plan—Wilsons Creek. 

 

3. Hydrocarbons, probably breakdown products of gasoline, have been detected in “Fulbright 

Spring,” the spring orifice uncovered during the environmental cleanup of the West 

Meadows portion of Jordan Valley Park. The source of this contamination should be 

aggressively sought and removed, as the presence of this pollutant in the creek in 
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appreciable amounts may effectively “undo” other attempts to improve the quality of 

stormwater runoff in the sub-watershed. Environmental cleanup has already been 

completed in the immediate area, including the removal of lead-contaminated soils, but 

investigations have not yet revealed the source of the petroleum contamination in the 

spring. 

4. Focus attention on the installation of BMPs that will remove sediment and phosphorus 

from runoff in the Wilsons Creek Watershed. The primary BMP types chosen include 

riparian zone protection/restoration, detention basin retrofits, impervious area reduction 

and disconnection, and tree planting. Modeling by OEWRI has shown areas of the 

watershed that are in most need of BMPs. Water quality controls on new development, 

protection and restoration of stream corridors, and detention basin retrofits in existing 

developed areas should all be considered. BMPs that reduce loading of sediments can be 

expected to also reduce the loading of TP, as phosphorus is often found in the particulate 

forms and binds readily to sediment particles. The following section on “Load Reduction 

Estimates” describes the modeling of the Wilsons Creek watershed and the findings of 

model runs. Tables and maps have been used to target BMPs for installation, estimate 

loading reductions from BMP implementation, develop cost estimates for BMPs, and 

develop timetables for phosphorus reductions for the BMPs installed. 

5. Agricultural BMP: About half of the land in the Middle James Sub-basin is in agricultural 

uses, comprising most of the south and southwest sections of the Sub-basin. This amounts 

to about 100 square miles, or 7% of the entire James River Basin. The southern portion of 

the Wilsons Creek Watershed is also predominantly agricultural, with about half of this 

watershed in agricultural uses. Table 7 (page 90) shows the USDA-NRCS conservation 

investments in the James River Basin from October 1, 2014 through September 30, 2015. 

In the categories of prescribed grazing, forest stand improvement and conservation 

stewardship programs, a total of 34,000 acres were enrolled during this period. If the 

Middle James Sub-basin is typical of enrollment patterns across the entire James River 

Watershed, it can be assumed that about 2,380 acres of this land was located in the Middle 

James Sub-basin. This amount of land in better practices will almost certainly reduce soil 

and nutrient losses significantly. Through the state Soil and Water Conservation Program, 

an estimated 6,510 tons of soil were saved in the Middle James River Sub-basin through 

permanent vegetative cover establishment (Table 6, page 88). Since phosphorus often 

attaches to soil particles, this saving in soil loss almost certainly translates to a significant 

reduction in phosphorus loading to nearby streams. 

The agricultural BMPs that will be emphasized in the Wilsons Creek Watershed are those 

that will link most directly to water quality improvements, such cattle exclusion in riparian 

areas, conservation easements in riparian zones, nutrient management planning, managed 

grazing systems and forest stand improvements. The SWAT model used for the Wilsons 

Creek Watershed included a “generic” BMP buffer strip for urban applications, but this is 

also a standard agricultural BMP. However, specific information on nutrient and sediment 
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loading from agricultural activities in the watershed is lacking, and there is no gage located 

at the mouth of Wilsons Creek in Sub-basin 4, which is the most agricultural, so loading 

estimates from modeling have not been made here. Additional gaging in Sub-basin 4 may 

be needed in order to quantify loads from this portion of the watershed. As more detailed 

information becomes available related to nutrient loading reductions to be expected for 

various agricultural BMP types, especially compared to the generic filter strip, this 

information will also be incorporated into the refined SWAT modeling. To the extent 

possible, new agricultural BMPs will be targeted to the critical areas identified by the 

SWAT model in the Wilsons Creek Watershed, particularly in Sub-basin 4.   

6. Macroinvertebrate monitoring on South Creek will continue as funding is available, in 

order evaluate the changes over time since the stream restoration that occurred during the 

South Creek 319 project.  Macroinvertebrate assessments will be performed in the fall and 

spring of each year at five sites along South Creek.  Three sites, one in each of sub-reaches 

between Campbell and Grant, Grant and Fort, and Fort and Kansas Expressway will be 

monitored with one control site upstream and one control site downstream.  The 

macroinvertebrate assessments will be based on Stream Team protocols and follow the 

already established QAPP. 

 

Load Reduction Estimates 

 

For the SWAT modelling, OEWRI applied watershed management measures in the Wilsons Creek 

sub-basins within the critical area “hot spots” identified through the modelling process (see 

Appendix IV). In sub-basins 1 and 2, which contained large areas of “hot spots,” load reductions 

were calculated by implementing vegetative buffer strips as “generic BMPs” representing riparian 

vegetation protection, tree planting, impervious area reduction and disconnecting impervious 

areas. This was because the “filter strip” was already established as a management measure 

alternative within the SWAT model input feature class. In sub-basin 3, the main Wilsons Creek 

sub-basin, few “hot spots” for TP were identified. For this reason, an alternative riparian corridor 

easement along the main channel of Wilsons Creek was added to assess the overall impact of both 

kinds of BMPs.  

By using 3-m and 10-m vegetative filter strips in the identified critical area “hot spots” in sub-

basins 1 and 2, sediment, TP and TN loads would be reduced significantly. In the estimate the 3-

m filter strip represented the lower load reduction factor and the 10-m strip the high estimate. With 

these inputs, the model predicted sediment load reductions of 22 to 31% in sub-basin 1 and 25 to 

35% in sub-basin 2. The TP load would be decreased 15 to 21% in sub-basin 1 and 16 to 23% in 

sub-basin 2. For the nonpoint source portion of the TN load in sub-basin 3, the load would be 

reduced 10 to 14%. However, these estimates are based on implementing better practices in all of 
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the identified hot zones, which would be difficult given that these areas are already highly 

developed. 

The OEWRI report also concluded that implementing a riparian corridor easement along the main 

channel of Wilsons Creek downstream of Scenic Avenue to the SCWP would significantly reduce 

contributions of sediment and TP to the watershed from bank erosion. The model showed that the 

most significant areas within the watershed contributing TP from nonpoint source were coming 

from sub-basins 1 and 2, so implementing easements to the channel in sub-basin 3 (or downstream 

of 1 and 2) would improve the overall load reduction at the sub-basin 3 outlet.  Results of a previous 

study estimates that easement applied along the entire corridor could reduce sediment loads 2.6 

million pounds/yr. to 5.3 million pounds/yr. and TP loads 950 to 1,900 pounds/yr. (Owen et al., 

2015). By implementing an easement in conjunction with the management measures described 

earlier in sub-basins 1 and 2, there would be a combined sediment load reduction of 20-32% and 

a combined TP load reduction of 12-19% at the sub-basin 3 outlet. 

These modeling-based load reduction estimates are based on the idea of addressing all of the “hot 

spots” critical areas in the sub-basins with the application of better management measures. 

However, the reality is that it will be very difficult to apply new measures in many parts of these 

heavily developed sub-basins. For this reason, the plan anticipates the development of a 

“Restoration Opportunity Areas” layer within the local GIS. This layer will be created by 

overlaying the results of the OEWRI modelling with the GIS applications already available from 

the local cities and counties showing stream channels, riparian areas, detention basins, detention 

basin drainage areas, and stormwater related features. In this way, restoration opportunities may 

be assessed and prioritized based on the size and condition of existing features and facilities and 

the development status of the land. This prioritization of areas for applications of management 

measures will also be dovetailed with the Springfield/Greene County Integrated Plan for the 

Environment, so that benefit to cost ratios for management measures can be maximized.  

Even with this focus on hot spots and restoration opportunity areas, it is anticipated that only a 

limited number of the sites will be able to be so utilized. For this reason, estimates of load 

reductions have been kept conservative. Two of the primary BMPs emphasized in this plan are 

detention basin retrofits and riparian area protection and restoration, including bank stabilization. 

Because the load reduction potential of these two types of BMPs have been studied locally, data 

from their performances have been used to calculate expected load reductions. This should not 

imply that significant levels of loading reduction may not be achieved by the implementation of 

other BMPs. But in the absence of reliable data on their performance, these BMP types will not be 

used in loading reduction calculations. This should mean that the numbers obtained for loading 

reductions in this plan are conservative, and with the other BMPs working in tandem, greater 

reductions than those reported here should be achieved. 

Thirty-three standard regional flood detention basins in the Wilsons Creek watershed have been 

identified by the city of Springfield as potentially viable for retrofitting into water quality basins. 
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These 33 basins drain about 564 acres, for an average of 17 acres per basin. However, only a 

portion of these basins are located within “hot zones,” and the vast majority of the basins in the 

city, particularly the privately owned and maintained basins, drain much smaller areas.  According 

to OEWRI calculations, retrofitted basins should be able to remove 1.1 pounds of TP annually per 

acre of drainage treated, 4.4 pounds of TN per acre and 2,112 pounds of sediment per acre (Owen 

et al., 2016). For the purposes of this plan, the average size of drainage area per basin has been set 

at 3 acres. Thus, twenty retrofitted basins treating a total of 60 acres should reduce TP loading by 

66 pounds annually, TN by 265 pounds annually, and sediment by 126,700 pounds annually.   

From their study of bank erosion and load reductions along Wilsons Creek, OEWRI concluded 

that restored, fully vegetated (forested) riparian corridors should reduce TP by 4.7 pounds per acre 

annually, TN by 7.0 pounds per acre annually and sediment by 13,153 pounds per acre annually 

(Owen et al., 2015). Thus, 300 acres of restored riparian area, a stated twenty-year goal of this 

plan, should reduce TP by 1,410 pounds annually, TN by 2,100 pounds annually, and sediment by 

3,900,000 pounds annually.  

The current loading of TP, TN and sediment in the Wilsons Creek watershed have been estimated 

at 68,000 pounds per year, 915,000 pounds per year, and 46.6 million pounds per year, 

respectively. To meet the James River TMDL target concentrations in the Wilsons Creek 

tributaries, OEWRI estimates that TP would need to be reduced by 46,600 pounds in the three sub-

basins identified earlier and TN by 22,500 pounds in sub-basin 2. If in 20 years 20 basins are 

retrofitted in sub-basins 1 and 2, and 300 acres of riparian area restored along the entire Wilsons 

Creek corridor,  then there should be a total reduction in annual loading of TP to Wilsons Creek 

of  1,470 pounds, TN of 2,346 pounds, and sediment of 4.04 million pounds.  

The City of Springfield has been collecting first flush water quality samples in Wilsons Creek near 

the city limits since 2009 for the Municipal Separate Storm Sewer System (MS4) as required for 

the National Pollutant Discharge Elimination System (NPDES) program.  Samples are collected 

3-4 times over the year to account for seasonal variability.  Of the 30 stormwater samples collected 

at Wilsons Creek from 2009-2016, the average TP concentration is 0.155 mg/L and average TSS 

concentration is 76.2 mg/L. However, modeling by OEWRI for the Wilsons Creek watershed 

(using flow-weighted water quality sampling) indicates a current average concentration of 321 

mg/l sediment, 0.470 mg/l TP, and 6.31 mg/l TN at the Brookline gage on lower Wilsons Creek. 

This plan will utilize these concentration estimates to calculate the anticipated improvements in 

water quality through the applications of BMPs in the Wilsons Creek Watershed over the next 

twenty years. The expected improvements in water quality, shown in 5-year increments, are 

indicated in Table 11, page 102. Table 9 (page 100) shows the load reduction estimates per year 

for the primary BMP types to be implemented over the 20-year plan. The city’s MS-4 data on 

individual tributaries will be used to help determine trends in water quality between pre- and post-

BMP implementation periods. Overall goals, however, will be tied to the water quality monitoring 

station on lower Wilsons Creek at the Brookline gaging station. 
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. 

    

BMP 

Type 

Detention basin retrofits Riparian zone protection, restoration and 

streambank stabilization 

Year Number Acres 

treated 

Loading 

reduction 

TP 

(lbs/yr) 

Loading 

reduction 

TN 

(lbs/yr) 

Loading 

reduction 

sediment 

(lbs/yr) 

acres Loading 

reduction 

TP 

(lbs/yr) 

Loading 

reduction 

TN 

(lbs/yr) 

Loading 

reduction 

sediment 

(lbs/yr) 

1 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 15 70.5 105 197,295 

3 1 6 3.7 26.4 12,672 15 70.5 105 197,295 

4 1 6 3.7 26.4 12,672 15 70.5 105 197,295 

5 1 5 5.5 22.0 10,560 15 70.5 105 197,295 

6 1 5 5.5 22.0 10,560 15 70.5 105 197,295 

7 1 4 4.4 17.6 8,448 15 70.5 105 197,295 

8 1 4 4.4 17.6 8,448 15 70.5 105 197,295 

9 1 4 4.4 17.6 8,448 15 70.5 105 197,295 

10 1 4 4.4 17.6 8,448 15 70.5 105 197,295 

11 2 4 4.4 17.6 8,448 15 70.5 105 197,295 

12 2 4 4.4 17.6 8,448 15 70.5 105 197,295 

13 1 2 2.2 8.8 4,224 15 70.5 105 197,295 

14 1 2 2.2 8.8 4,224 15 70.5 105 197,295 

15 1 2 2.2 8.8 4,224 15 70.5 105 197,295 

16 1 2 2.2 8.8 4,224 15 70.5 105 197,295 

17 1 2 2.2 8.8 4,224 15 70.5 105 197,295 

18 1 2 2.2 8.8 4,224 20 94.0 140 263,060 

19 1 1 1.1 4.4 2,112 20 94.0 140 263,060 

20 1 1 1.1 4.4 2,112 20 94.0 140 263,060 

Totals 20 60 66.0 265.0 126,700 300 1,410 2,100 3,900,000 

 

Table 9: BMP Loading Reductions by year over 20 year plan period (Loading reduction estimates 

calculated from OEWRI data, Pavlowsky et.al., 2016. 

 

Goals, Objectives, Milestones and Implementation Schedule 
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The overall goals of this plan update are to (1) improve the quality of impaired waters within the 

Wilsons Creek Watershed, (2) guide the implementation of future programs and practices in ways 

that address impairments most effectively, and (3) provide direction for multiple agencies, 

organizations and political entities as they apply measures to improve water quality. More specific 

goals and objectives have also been developed in order to ensure success in meeting the three 

overarching goals stated above. These goals and the objectives are shown in the following table 

(Table 10), along with 20 year budget and milestones to be measured in meeting the objectives 

and the agencies and organizations that will be expected to contribute to their attainment:  

 

 

Table 10: Goals, Objectives, Milestones (including Interim), Load Reductions, Assisting Partners 

Goal Objective Milestones and 
Interim 

Milestones 

Location & 
Cost/20 years 

Load 
Reductions  

Assisting agencies 

Improve water 

quality in Wilsons 

Creek and the 

targeted sub-basins; 

reduce sediment by 

8.7%, TP by 2.2%, 

and TN by 0.26%in 

the Wilsons Creek 

watershed as 

measured at the 

Brookline gage  

within 20 years 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Develop overlay map of 

restoration opportunity 

areas (ROAs) where 

management practices 

can be inserted 

Within 1 year 

(2017) 

 

 

 

 

All sub-

basins 

$20,750- staff 

time/technical 

assistance 

 City of 

Springfield GIS 

Dept. 

Watershed 

organizations 

Detention basin retrofits 

 

 

20 retrofits 

located within 

“hot zones” 

(see interim 

milestones for 

numbers of 

retrofits in 

Table 9) 

Primarily in 

sub-basins 1 

and 2 

$1,670,000 - 

$83,000 per 

basin for 

maintenance, 

vegetation, 

technical 

assistance, 

volunteer 

time 

Reduce 

sediment by 

126,700 

lbs/yr, TP by 

66.0 lbs/yr, 

and TN by 

265.0 lbs/yr 

(see Table 9) 

in 20 years 

City of 

Springfield  

Watershed 

organizations 

Riparian easement 

protection, enhancement 

and restoration 

300 acres of 

riparian zone 

restored and/or 

protected 

within 20 years 

(see interim 

milestones for 

total acreage in 

Table 9) 

All sub-

basins 

$9,870,990- 

legal fees, 

surveys, 

materials, 

technical 

assistance, 

staff time, 

labor. All 

costs of 

protection, 

restoration, 

and 

stabilization. 

Reduce 

sediment by 

3,900,000 

lbs/yr, TP by 

1,410 lbs/yr, 

and TN by 

2,100 lbs/yr. 

(See Table 

9) in 20 

years 

Ozark Greenways 

Springfield-

Greene County 

Parks Dept. 

Watershed 

organizations 
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Tree planting and 

revegetation 

 

5,000 new trees 

planted in “hot 

zones” and 

riparian areas 

within 20 years 

(1,250 trees 

planted every 

five years) 

All sub-

basins, near 

streams 

$233,000- 

materials, 

volunteer 

labor, staff 

time 

 Ozark Greenways 

Volunteers 

Watershed 

organizations 

Removal, disconnection 

of impervious areas, 

improve soil organic 

matter content 

 

Impervious area 

reduced by 10 

acres in 20 

years (2.5 acres 

per 5-year 

period) 

Primarily 

sub-basin 1 

$2,178,000- 

labor, 

materials 

 City of 

Springfield  

Greene county 

Watershed 

organizations 

Facilitate 

sustainable 

development by 

working with 

residents and 

cities/counties on 

allowing/promoting 

green development 

practices 

 

 

 

 

 

Facilitate 

sustainable 

development (cont.) 

 

 

 

Engage private property 

owners in better 

practices, especially 

nutrient management, 

rain gardens and 

rainwater harvesting 

 

 

1,000 

residential or 

commercial 

plans for soil 

testing, 

rainwater 

harvesting 

and/or rain 

gardens 

implemented 

within 20 years 

(250 BMP 

types per 5 year 

period) 

All sub-

basins 

$500,000- 

staff time, 

materials, 

rebate, 

technical 

assistance 

 Watershed 

organizations 

Ozark Greenways 

City of 

Springfield 

Greene County 

University 

Extension, etc. 

Work with cities to 

incorporate ordinances 

encouraging green 

infrastructure practices 

2 responsible 

management 

entities with 

new or 

enhanced 

ordinances 

within first 5 

years 

All sub-

basins 

$12,000- staff 

time 

 Cities of 

Springfield, Nixa, 

Ozark, Republic, 

Battlefield and 

Greene and 

Christian 

Counties 

Work with cities to 

secure dedicated, long-

term funding for 

stormwater management 

Help to secure 

sustainable 

funding for at 

least one 

community 

within 5 years 

All sub-

basins 

$12,000 -staff 

time 

 Cities of 

Springfield, Nixa, 

Ozark, Republic, 

and Battlefield 

Improve 

understanding of 

water quality  

conditions and 

pollutant sources, 

and evaluate effects 

of management 

measures 

Improve 

understanding and 

evaluate effects 

(cont.) 

 

 

Improved SWAT 

modelling 

 

 

 

Improve and re-

run SWAT 

model within 5 

years 

 

 

 

All sub-

basins 

$120,000 -

technical 

assistance 

 OEWRI 

City of 

Springfield Public 

Works Dept. 

Long-term water quality 

monitoring; use existing 

monitoring programs to 

the extent possible 

Develop more focused 

monitoring to refine the 

modeling of “hot zone” 

Evaluate water 

quality and 

loading in 

targeted sub-

basins every 3 

to 5 years 

Install 2-3 

All sub-

basins; 

monitoring 

stations in 

sub-basins 1 

and 2 

$1,190,000 -

 OEWRI 

City of 

Springfield  

Other cities and 

counties 

Watershed 

organizations 
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Improve 

understanding (cont) 

 

 

 

 

 

 

locations, loading rates 

and loading reductions 

additional 

gaging stations 

within 5 years 

 

 

 

technical 

assistance, 

monitoring, 

gage 

installation, 

staff time 

Develop and manage 

water quality database 

as a central repository 

of data for the 

watershed 

Develop 

database 

framework and 

populate it with 

existing, readily 

available data 

within 1 year. 

Update 

database at 

least annually 

All sub-

basins 

$365,000- 

technical 

assistance for 

initial set-up 

and annual 

maintenance 

 OEWRI 

Cities of 

Springfield, Nixa, 

Ozark, Republic, 

Battlefield, 

Greene and 

Christian 

Counties 

Watershed 

organizations 

Develop evaluation 

tools to measure the 

effectiveness of 

education and outreach 

Develop 

effective 

evaluation tools 

within 1 year 

All sub-

basins 

$6,000-staff 

time 

 Watershed 

organizations 

City of 

Springfield 

Environmental 

Services 

Develop and implement 

tools to identify and 

prioritize sources of 

nutrients and sediment 

and effective solutions 

to address these sources 

Develop tools 

within 1 year; 

identify priority 

sources and 

pot. solutions 

within 2 years 

All sub-

basins 

$48,000-staff 

time, 

technical 

assistance 

 OEWRI,  

Springfield, Other 

cities and 

counties, MoDNR 

Watershed 

organizations 

Interim Measurable Milestones:  

 

The interim milestones are based on expected load reductions from the applications of BMPs in 

critical areas of the Wilsons Creek Watershed. The overall expected reductions over a 20-year 

period are relatively small (percentage-wise). The reductions expected to occur over short time-

periods (i.e., 3-5 years) are therefore incrementally smaller. Such small incremental changes will 

be difficult to measure, or to distinguish from natural variability or “noise” signals.  Monitoring 

data will be used to attempt to detect incremental changes on 5-year time frames in order 

determine, if possible, the degree of success in actual pollutant reductions. If the estimated 

reductions are not realized with some degree of confidence within the first 3-year time period, the 

plan and its strategies will be re-assessed to determine what changes may need to occur in order to 

improve water quality on a more aggressive time-scale.  Table 11 shows the interim, five year 

goals for load reductions and water quality improvements (pollutant concentration goals) within 

the 20-year planning period. Table 10 shows the broad goals and interim goals for the measures 

which do not have specific load reduction modeling performed or loading reduction or specific 

concentration goals established. 
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P
aram

eter 

Current  

annual 

load 
est. 

(lbs/yr)* 

Current 

modeled 

conc.  
(mg/l)** 

Year 1-

5 load 

red. 
goal 

(lbs/yr) 

Year 5  

conc. 

water 
quality 

goal 
(mg/l) 

Year 6-10 

load red. 

goal  
(lbs/yr) 

Year 

10  

conc. 
water 

quality 
goal 

(mg/l) 

Year 

11-15 

load 
red. 

goal 
(lbs/yr)  

Year 15  

conc. 

water 
quality 

goal 
(mg/l) 

Year 

16-20 

load 
red. 

goal 
(lbs/yr) 

Year 20 

conc. 

water 
quality 

goal 
(mg/l) 

Year 20 

cum. load 

reduction 
goal 

(lbs/yr) 

Sed. 46,600,00

0 

321 792,774 314 1,030,800 306 1,016,0

40 

297 1,200,

666 

293 4,040,300

*** 

TP 68,000 0.470 295 0.466 376 0.461 368 0.453 432 0.459 1,470 

TN 915,000 6.31 495 6.31 595 6.30 587 6.29 665 6.28 2,346 

 

Table 11: Load Reduction Estimates and Water Quality Concentration Goals in 5 Year Increments. 

*From Table 3 of Pavlowsky, R.T, M.R. Owen, E Buyurgan and S. Zeiger, 2016. “Water Quality Modeling and Load 

Reduction Simulation of Nutrients and Sediment, Wilsons Creek Watershed, Springfield, Missouri. Completed for the 

James River Basin Partnership May 10, 2016. OEWRI EDR-16-003. 

**Based on the average modeled mean annual discharge (2006-2014) at the lower Wilsons Creek gage, of 73.63 cfs. 

***Based on Tables 9, 10 and 11 of Pavlowsky etal., 2016 

 

 

 
 

Chapter VII –Financial and Technical Assistance 
 

(In this chapter, Element D of the Nine Element Plan is discussed. Cost for the management measures 

indicated includes planning and implementation costs. Information on how the cost estimates were 

determined are discussed along with potential funding sources for management measures) 

This chapter provides cost estimates for the BMPs that will be needed to reduce phosphorus levels 

and sediment in runoff in the Wilsons Creek Watershed. Responsible stormwater management 

entities will be responsible for making sure that the BMPs are included in new and existing 

development. The costs of the required individual practices will be borne by developers as part of 

the normal development process. The cost of retrofitting regional public detention basins will be 

borne by the responsible stormwater management entities or private entities. Funding for this 

element, along with funding for watershed planning, BMP maintenance, floodplain and sinkhole 

acquisition, stream corridor restoration and other ongoing water quality-focused activities will 

need to be sought by the responsible entities. Most responsible entities view stormwater permit 

requirements as “unfunded mandates,” and most of these entities suggest that they currently lack 

funds to carry out the already required activities effectively. Watershed organizations should 
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provide assistance to these entities by educating the public about why dedicated, long-term funding 

sources for stormwater management are necessary. 

Estimates of management measures costs were obtained by the JRBP with input from the city of 

Springfield and Greene County. BMP types to be included for cost estimates are regional detention 

retrofits and riparian zone protection and restoration (including conservation easements and 

streambank stabilization). Costs for the reduction of impervious surfaces, soil restoration, tree 

planting, nutrient management, rain gardens, and rainwater harvesting systems have not been 

included since these BMP types are not included. These costs will be developed within the next 

year as ancillary objectives and features of the plan are further developed. Stormwater practices 

will be paid for by some cities, in the case of retrofits, or individual developers (onsite BMPs). 

Urban management measures may be at least partially funded using FEMA-assisted buyouts of 

sinkholes and floodplain properties. Other potential funding sources include Capital Improvements 

Sales Tax, Parks and Waterways Sales Tax, Section 319 Grants, 604(b) Water Quality Planning 

Grants, Soil and Water Conservation Cost Share Assistance, Conservation Reserve Program 

(CRP), Conservation Easement Program (NRCS), Environmental Quality Improvement Program 

(EQIP), Conservation Stewardship Program, Springfield Community Foundation Grants, LAD 

Grants, USDA Sustainable Urban Agriculture grants and most importantly, local stormwater 

funding sources such as stormwater utilities, development impact fees or tax-supported stormwater 

programs. 

There are 49 detention basins in the Wilsons Creek watershed that could be retrofitted for water 

quality improvement. The Restoration Opportunity Area methodology (overlaying the OEWRI 

modelling results showing critical area “hot spots” with the city/county GIS) will be used to 

prioritize basins for retrofit. Costs for retrofit are about $11,000/basin for simple extended 

detention, and $83,000/basin for added bioretention. Assuming that about half the basins are in or 

drain critical area “hot spot” areas, the total costs for basin retrofit would be $275,000 for the 

extended detention option and $2 million for the bioretention option. The goal of the plan is to 

retrofit 10 basins within 10 years. Assuming the bioretention option would ideally be used for 

improved water quality benefits, the costs for retrofitting these basins would be about $830,000. 

Retrofit costs could be borne by the city for city-owned basins, especially if the simple option is 

chosen as part of a “pilot” project to determine actual pollutant removal efficiencies by first using 

simple outlet design changes. However, private entities are unlikely to bear the costs of retrofits 

on their property, even at the lower cost option, or provide funds or resources for ongoing 

maintenance, especially on landscaped basins. Therefore the first priority for implementation is 

city-owned basins in critical area “hot zones,” or large (over 1 acre) private basins draining several 

acres and located in “hot zones,” provided provisions for future management could be secured. 

Costs for riparian area restoration can be very high. From the Ward Branch study, it is estimated 

that it would cost about $1.5 million to restore one mile of degraded/destabilized riparian zone. 

This one-mile restoration zone could be expected to reduce phosphorus by about 3,168 pounds per 
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year. However, a significant portion of the vegetated corridor in lower Wilsons Creek and its 

tributaries has not been eliminated or is not severely degraded. Most riparian zones in the 

watershed have areas of stable banks interspersed with areas of high erosion. For this reason, and 

because restoration costs are so high, the long-term protection of relatively healthy riparian zones 

through conservation easements and other means will be emphasized in this plan. 

There are also costs for securing land into conservation easements, including legal fees, surveys, 

and other instruments and securities. Estimates of these costs from the JRBP’s Riparian Protection 

319 Project indicate that these “up front” costs may be in the neighborhood of $1,500 per acre. 

This does not include streambank stabilization, if necessary ($270 per linear foot), or ancillary 

costs such as fencing to exclude cattle (or people). It is best if these up-front costs are not borne 

by the private landowner, which would greatly discourage participation in easement programs. It 

is anticipated that 319 grant-funding will be used to offset most if not all of these up-front costs to 

remove this burden for private landowners. It is also anticipated that conservation easements will 

be sought first and foremost on public lands, of which there are many parcels along Wilsons Creek. 

This is necessary to make sure that healthy or restored riparian areas remain in perpetual protection, 

and to prevent governmental bodies from implementing management measures that are 

inconsistent with protecting the integrity of healthy vegetated corridors. 

Table 10 contains budget estimate for all milestones and Table12 is the general budget developed 

for the primary BMP types identified in this plan. For budgeting purposes, it was determined that 

most if not all retrofitted basins should have vegetative treatment included for enhanced water 

quality protection. It was also determined that the costs for other riparian protection and restoration 

measures (such as tree planting, fencing and non-native species management) would approach 

$2,000/acre. 

 

 

BMP Type Unit Cost Total Cost (20 Years) 

Detention Basin Retrofits $83,000 per basin, with 

vegetative treatment 

$1,670,000 

Establish Conservation 

Easements in Riparian 

Corridors 

$1,500 per acre, including 

legal fees, surveys, etc. 

$450,000 

Riparian Corridor Restoration 

and Streambank Stabilization 

$270 per linear foot for 

streambank restoration, 

assuming half of the linear 

feet of streambank within 300 

acres would need 

remediation, and $2,000 per 

acre for other restoration 

costs, such as tree planting 

$9,420,900 
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and removal of invasive 

species 

 

Table 12: General Budget for BMPs in the Wilsons Creek Watershed (20 year period) 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter VIII –Evaluations of Watershed-Based Plan Implementation and 

Water Quality Improvements 
 

(This chapter addresses Elements G and I of the nine element planning process. A schedule of completion 

of milestones is included, along with the types of evaluation measures to be implemented, monitoring that 

will be conducted, who will be doing it, parameters to be monitored, and the trigger for re-evaluation of the 

watersheds, which would include major deterioration of water quality as indicated by monitoring programs 

or the emergence of new threats or pollutants not identified in this plan).  

Within 3 years of the beginning of implementation of the Wilsons Creek Watershed-based Plan 

elements, partners and stakeholders will evaluate the progress made toward achievement of the 

plan’s BMP implementation schedule and water quality goals. If water quality goals are not on a 

pace to be met within the first five-year increment, partners will discuss the feasibility of increasing 

the pace of installation of BMPs. If modeling and/or monitoring indicates that water quality goals 

will most likely not be met through further implementation, water quality partners will discuss 
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revising strategies toward the achievement of plan goals. JRBP will have primary responsibility 

for the updating process, including contact with all major stakeholders and gathering data and input 

for inclusion in the update. Milestones for the implementation of management measures are 

included in Table 10, page 101 and Table 9, page 100. Water quality goals and loading reduction 

targets in five-year increments are found in Table 11, page 102. The progress of achieving goals 

will be evaluated in four primary ways:  

1) Refined SWAT modelling will be performed by OEWRI with available funding, in conjunction 

with the JRBP and responsible management entities, in order to provide the best estimate of load 

reductions actually obtained through the installation of management measures. This model will 

incorporate new information as it becomes available about the actual performances of individual 

management measure types, with the focus on detention basin retrofits and riparian zone protection 

and enhancement.  

2) The monitoring performed by the local cities and counties, or responsible stormwater 

management entities (RMEs), will be used to determine actual water quality improvements and 

pollutant load reductions obtained with the installation of management measures. The stormwater 

monitoring being accomplished as part of special projects by OEWRI will also be used. This 

monitoring will include both first-flush stormwater samples being collected by OEWRI and RMEs, 

as well as longer-term, baseflow and flood flow water quality monitoring occurring at USGS 

gaging stations and city-operated monitoring sites. Data collected by OEWRI on before/after and 

upstream/downstream of installed management measures will also be used and further refined. 

Parameters to be monitored will be determined by each of these entities, but the focus for 

stormwater management and implementation of management practices as described in this plan 

will be: a) nutrients, particularly phosphorus, because of the James River TMDL and because 

phosphorus has been identified by OEWRI as the most problematic nutrient loading element in the 

Wilsons Creek Watershed, and b) sediment, primarily through TSS testing, because sediment 

loading rates are high in the Wilsons Creek watershed when compared to un-urbanized Ozark 

streams (but in the same range as other urban streams in the Midwest), and because phosphorus is 

often attached to sediment particles and can thus create eutrophication problems downstream. 

OEWRI currently performs the stormwater monitoring for cities within the Wilsons Creek 

watershed. TN and TP values are obtained by the OEWRI laboratory according to the respective 

Standard Operating Procedures: The total phosphorus determination can be found at 

http://oewri.missouristate.edu/assets/OEWRI/Total_P_AbsorbanceGenesysR01.doc  

and the total nitrogen determination at 

http://oewri.missouristate.edu/assets/OEWRI/Total_N_Genesys10SUV-VIS   

3) The progress of implementation will also be evaluated by all of the watershed partners on a 

continuing basis in terms of the numbers of residential, commercial and public installations of 

management measures, whether they be green infrastructures projects, LID projects, nutrient 

management plans, rain gardens or rainwater harvesting systems. The JRBP will be responsible 

http://oewri.missouristate.edu/assets/OEWRI/Total_P_AbsorbanceGenesysR01.doc
http://oewri.missouristate.edu/assets/OEWRI/Total_N_Genesys10SUV-VIS
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for working with its water quality partners to track the ongoing implementation of these measures 

and provide updates to all of the partners. As more information becomes available, these alternative 

management measures will be evaluated for their stormwater and pollutant reduction potentials, 

and the results obtained will be used to determine future loading reduction expectations.  

4) Information/education projects and programs will be evaluated as in the past, by tools such as 

pre-post surveys when applicable. However, better evaluation tools for information/education will 

be developed within one year in conjunction with watershed partners in an attempt to discover new 

and better ways to involve more citizens in residential and commercial programs and to more 

effectively promote LID and green infrastructure projects to local communities and stormwater 

RMEs. 
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Appendix I 
 

List of stakeholders helping with plan development (from 2010 plan and update). 

Barbara Lucks City of Springfield 

Bob Pavlowsky OEWRI 

Brent Stock James River Basin Partnership 

Bud Carrol* Farm Bureau 
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Carrie Lamb City of Springfield 

Chris Coulter* City of Republic Planning & Development 

Christa Gammon James River Basin Partnership 

Dan Crane Sierra Club 

Dave Coonrod Greene County Commissioner/ JRBP Board President 

DeDe Vest NRCS 

Diana Sheridan NRCS 

Erica Cox  Missouri Project WET 

Errin Kemper City of Springfield 

Frank Schwartz  Morelock Ross 

Gary Chamberlin TruGreen ChemLawn 

Gary Pendergrass City Utilities 

Jennifer Dalton Springfield Chamber of Commerce 

Jimmy Butler* Farm Bureau 

Joe Pitts James River Basin Partnership 

Josh Bird Christian County 

Judy Stainback City of Republic, Mayor 

Karen Haynes Christian County 

Kevin Barnes City of Springfield Planning & Development 

Kevin Barnes Greene County 

Kirby Joy Millwood Golf Course 

Larry Martin City of Ozark 

Loring Bullard James River Basin Partnership 

Marc Owen OEWRI 

Mark McNay SMC Packaging 

Matt Morrow* Director of Springfield HBA  

Matt O'Reilly* Independent Developer 

Melissa Bettes James River Basin Partnership 

Mike Kromrey Watershed Committee of the Ozarks 

Miles Park Springfield Greene Co. Parks 

Olivia Hough City of Springfield 

Stacy Armstrong Watershed Committee of the Ozarks 

Tiffany Frey James River Basin Partnership 

Tim Davis Greene Co. Resource Management 

Tim Davis Greene County 

Todd Wiesehan Christian County 

Travis Cossey City of Nixa 

Vanessa Brandon Greene County 

*Invited but unable to attend meetings 
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Appendix II 
 

 

NUTRIENT LOADS AND REDUCTION ESTIMATES: ( Modeling Results in 2010 Plan) 

This portion of the watershed management plan explains the process for determining existing loads, comparing those 

loads to approved TMDL criteria, and estimating load reductions.  Load reductions are based on proposed Best 

Management Practices (BMPs) for the Middle James River Basin (MJRB) which focuses on nonpoint sources of 

nutrients from urban areas.  The plan calls for a 25% reduction in TP and TN from treated urban areas.  The Unit-Area 
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Loading (UAL) approach is used to both estimate current loads and determine load reduction based on treated urban 

area within the MJRB.  For this report, the term “actual load” will refer to the load calculated from existing data and 

“predicted load” will refer to UAL modeled loads.  The following sections describe the procedures used to calculate 

nutrient loads for the James River Basin and calibrate the UAL Model for the entire James River Basin.   

Methodology 

James River Basin Nutrient Loads 

Actual loads were calculated at 9 water quality stations with the most up-to-date data distributed throughout the James 

River Basin (Table 1).   Water quality data used for actual load estimates was obtained from the James River Basin 

Water Quality Gap Analysis (MEC et al, 2007).  This report evaluates the data quality and spatio-temporal gaps in the 

data within the James River Basin.  Results of this study, including mean concentrations used here, were published in 

2007 and span the 2001 to 2005 water years for TP and 1993 to 2005 water years for TN (Tables 2 and 3).   

Mean annual discharge was estimated using empirical regression equation based on data from 39 USGS stations 

throughout the western Ozarks (Figure 1).  The mean annual discharge is based on drainage area with a standard error 

of the estimate of 55.4 cfs.  This method allows for prediction of mean discharge at any location along streams with 

an error of +/- 20-30%.  The equation used to estimate the mean discharge is given below (Equation 1):          

Equation 1: 

Qm = 1.2393 x Ad^0.9569 

Qm = Mean discharge (cubic feet per second)                                                                                                              A d 

= Drainage area (square miles) 

Mean TP and TN concentrations from these stations were combined with mean flow data to calculate actual annual 

loads.  Actual annual loads were calculated using the following equation (Equation 2):                                                                                                                                                        

Equation 2: 

La = Qm x Cm x 1969.175 

 

La = Annual load (pounds per year)                                                                                                                                   Qm = 

Mean discharge (cubic feet per second)                                                                                                                       Cm = Mean 

concentration (milligrams per liter) 

 

UAL Model  

The UAL is a land use-based model that assigns nutrient yield values to specific land use types within the watershed 

(Shaver, et al 2007; EPA, 2008).  Input data for this model consisted of a combined Missouri and Arkansas 2004 Land 

Use-Land Cover dataset.  The original dataset had 15 categories of land use that were simplified to 8 categories for 

this study.  Metadata for this layer can be found in Appendix A.     

Watershed Analysis - Drainage area polygons are delineated from Digital Elevation Models (DEM) that represent the 

contributing area above a given point of interest.  These data are used to “clip” land use data upstream of a given “pour 

point” that represents the point of interest in the watershed.  The different land use categories within the contributing 

area, therefore, make up a percentage of the contributing area.       
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UAL Model Calibration - Literature published by the EPA and others have ranges of nutrient yields for very specific 

land use types that were simplified to the land use categories used in this model (Ritter, 1988; Shaver et al, 2007).  

Cropland nutrient yields are conservative based on a variety of sources from different areas around the country.  Areas 

in crops make up less than 3% of the MJRB and are not considered a major nonpoint source of nutrients.  For the UAL 

model used here, the minimum, median, and maximum yield values were used to compare with actual loads at the 

USGS water quality monitoring stations (Table 3).  Yield values for TP and TN were chosen that best represent the 

calculated actual load from existing water quality data at these stations.  The procedure used for predicted load 

calculations using the UAL is outlined below. 

1. Calculate the predicted annual load by each land use category using the following:  

 

Land Use Category (hectares) * Nutrient Yield (kilograms/ hectares /year) = Land Use Category Annual 

Load (kilograms/year)  

2. Calculate the total watershed annual predicted load by summation of all land use category annual predicted 

loads: 

 

∑ All Land Use Category Annual Loads (kilograms/year) = Watershed Annual Load (kilograms/year) 

3. Convert annual predicted load from kilograms per year to pounds per year using the following:   

 

Watershed Annual Predicted Load (kilograms/year) * 2.205 = Watershed Annual Predicted Load (pounds per 

year) 

Model Application to Middle James - The area that makes up the Middle James River Basin (200 mi2) was 

used to “clip” the land use and assign percent values of each category.  Each land use category was 

converted to hectares of land within the drainage basin that represent each land use category.  The yield 

values for each category chosen for this model were assigned to each category and the annual load 

estimated using the procedure outlined above. 

 

The average predicted concentration was calculated using the mean annual discharge for the Middle James River 

Basin using the following procedure:     

1. Convert predicted annual load from pounds/year to milligrams per year using the following: 

   

Annual Load (pounds per year) * 453,600 = Annual Load (milligrams per year) 

2. Convert predicted annual load from milligrams per year to milligrams per second using the following: 

 

Annual Load (milligrams per year) / 31,560,000 = Load (milligrams per second) 

3. Convert mean Q from equation 1 from cubic feet per second to liters per second using the following: 

 

Mean Q (cubic feet per second) * 28.32 = Mean Q (liters per second)  
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4. Calculate average predicted concentration in milligrams per liter using the following: 

 

Load (milligrams per second) / Mean Q (liters per second)  = Concentration (milligrams per liter)  

The predicted concentrations were compared to the percentage of urban land use that would be treated and the 

efficiency of the BMP that is used.  This allows the manager to predict the effectiveness of the BMP based on the 

amount area treated.  Procedures used to estimate load reductions are detailed here: 

1. Calculate the urban area to be treated using the following:  

  

MJRB urban area (hectares) * % of treated urban area = Treated urban area (hectares)  

2. Calculate the treated yield using the following: 

 

Urban land use yield (kilograms/ hectares /year) * (100% - BMP load reduction expected (%)) = Treated 

yield (kilograms/ hectares /year 

3. Calculate the treated predicted load using the following: 

 

Treated urban area (hectares) * Treated yield (kilograms/hectares/year) = Treated load 

(kilograms/hectares/year) 

4. Calculate the untreated urban area using the following:   

 

MJRB Urban Area (hectares) - Treated Urban Area (hectares) = Untreated urban area (hectares) 

5. Calculate the untreated area yield using the following:  

 

Untreated urban area (hectares) * Urban Land use Yield (kilograms/hectares /year) = Untreated yield 

(kilograms/hectares/year) 

6. Sum the predicted annual loads including the treated and untreated urban area load using the following: 

 

∑ All Land Use Category Annual Loads (kilograms/hectares/year) = New Watershed Annual Load 

(kilograms/hectares/year) 

 

Results 

Nutrient Loads 

Actual loads were estimated from existing water quality data was compared to the TMDL (Total Maximum Daily 

Load) target load using a concentration of 0.075 mg/L TP (Table 3) (MDNR, 2001).  Actual loads include both point 

and nonpoint nutrient sources.  For TP, 5 of the 9 sites did not meet the TMDL load target.  The site at Wilson’s Creek 

near Brookline is immediately below Springfield’s wastewater treatment plant (WWTP) and, as expected, is over 4 

times higher than the target load due to point source inputs.  Excluding that site, Wilson’s Creek above the WWTP, 
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Finley River below Riverdale, James River at Boaz and James River at Galena had actual loads over 2 times of the 

TMDL target load.    

 

The actual total load estimated from existing water quality data was compared to the TMDL target load using a 

concentration 1.5 mg/L TN (Table 4).  For TN, 7 of the 9 sites did not meet the TMDL target.  Again, the site at 

Wilson’s Creek near Brookline was over 700% of the TN target load.  Actual loads at Wilson’s Creek above the 

WWTP, Crane Creek, James River at Boaz and James River at Galena were nearly double the target load.  The actual 

load at the James River at Kinser Bridge was 40% higher than the target.        

 

Contributing areas above the nine sample sites are displayed in Figure 2 and 3 showing what areas meet the TMDL 

target loads and which areas in the basin do not meet target loads.  Contributing areas where actual loads are double 

the target set forth in the TMDL are displayed in orange.  Contributing areas where actual loads are moderately higher 

than the TMDL recommendation are yellow.  The areas in green represent contributing areas where the actual load 

meets the TMDL target.  Contributing areas that do not meet the TP target load include the Middle James River, 

western portions of the Finley Creek and eastern portions of the Lower James.  Contributing areas that do not meet 

the TN target load include the Upper James Middle James, and Lower James.   

UAL Model Calibration  

Categories representing percentages of land use in the contributing area of the 9 selected USGS water quality 

monitoring stations are given in Table 5.  Yield ranges assigned to each category are given in Table 6. Actual loads 

were compared to predicted nonpoint nutrient loads at each station for the minimum, median, and maximum yield 

values to help pick appropriate values that best fit the actual load values calculated for each station.  For TP the 

minimum yield values from the UAL model slightly over predicts loads in small watersheds and under predicts larger 

watersheds that are influenced by WWTP (Figure 4).  For the modeled TP load the median yield value was chosen to 

best represent actual loads.  The UAL model under predicted nonpoint TN loads, therefore the maximum yield 

numbers were used to predict TN loads (Figure 5).  Nutrient load ranges are compared to calculated loads and TMDL 

target loads in Tables 7 and 8.   

 

 

Middle James River Basin Estimates 

Land use categories were clipped using the Middle James River Basin HUC (Table 9).   The majority (50%) of the 

basin is grass/pasture with low density residential being the second highest land use category at 16.7%.  Combining 

low density and high density land use categories shows the total urban area for the MJRB is around 29%.   Forest land 

use only makes up 12.8% of the MJRB.  These results show agriculture still makes up the majority of the basin, but 

population increases and the expansion of the urbanized area are expected in the future.   

 

Appling the appropriate yield numbers from the James River Basin calibration discussed above, TP loads were 37,280 

lbs/yr and TN loads were 235,960 lbs/yr.  Target TMDL loads for this basin should be 29,538 lbs/yr TP and 590,720 

lbs/yr TN.  These results show that the modeled nonpoint TN load meets the TMDL target.  This modeled result 

suggests mitigation of nonpoint related TN is not necessary to meet water quality goals set forth in the TMDL.  

However, actual loads at USGS stations with contributing areas that include the MJRB do not meet TMDL target 
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loads suggesting TN loads are driven by point source outputs.  More monitoring and research is needed to evaluate 

the source of TN in the basin.  Baseflow loads of TN may be controlled by karst hydrology and generalized EPA 

models used here do not account for that.   

 

Conversely, modeled TP loads do not meet the TMDL target.  These data suggest nonpoint related TP is a contributing 

factor to the MJRB not meeting its water quality goals required by the TMDL limits.  These findings do not mean 

point source TP influences are not contributing to the overall load, only that nonpoint sources seem to be influencing 

the overall load as well.  Due to these results, nonpoint load reduction estimates will be limited to TP loads for the 

MJRB.   

 

Middle James River TP Load Reductions 

In the goals section of this plan stakeholders state they want to achieve a 25% load reduction goal from implementation 

of BMPs in the urban area.  Loads based on this recommended reduction goal show that even if 100% of the urban 

area was treated the TMDL target concentration would not be met (Figure 6).  The 25% load reduction goal is 

conservative and seems it can be reasonably achieved with current technology.  The fact remains that little is known 

about actual load reductions from BMPs installed in the Ozarks with different climate, soils, and geology than other 

areas in the country where many of these BMPs have been tested.       

 

Due to this lack of BMP information, BMP reductions of 30%, 40%, and 50% were also modeled by % of urban land 

treated.  This allows managers the ability to forecast reduction scenarios based on BMP performance and the 

anticipated amount of land to be treated.  Model results from each scenario can be seen in Tables 10-13.  This chart 

shows average TP concentration the with an estimated BMP efficiency plotted against the percentage of treated urban 

area to estimate the average concentration that would be achieved and where it is in relationship to the 0.075 mg/L TP 

TMDL target concentration.  For example, if the BMP was able to reduce TP loads by 50%, this model shows 70% of 

the urban area would need to be treated to meet water quality target concentration of 0.075 mg/L set forth in the 

TMDL. 

These results suggest mitigation of nonpoint sources of TP from urban areas can have a positive effect on annual TP 

loads but should be considered only part of the solution.  These reduction estimates are made with the assumption the 

point sources within the basin continue to have static output of nutrients.  Furthermore, results from these scenarios 

show more effective BMP performance would result in more manageable amount of land that would be needed to be 

treated to meet TMDL targets.  However, expanding the watershed planning process to include other land use 

categories to receive BMPs may be more productive in reaching water quality goals in the near future.        

 

SUMMARY 

 

The nutrient load and reduction estimation section can be summarized into five main points: 

 

1. Actual TP and TN loads calculated from existing water quality data for contributing areas within the MJRB 

do not meet TMDL target loads for the James River Basin. 
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2. A Unit-Area Load (UAL) model was used to predict nutrient loads and estimate load reductions for the MJRB 

using actual loads calculated from existing water quality data at USGS stations. 

 

3. The UAL model shows that nonpoint TP loads for the MJRB do not meet target TMDL loads for the James 

River Basin. 

 

4. The UAL model shows that nonpoint TN loads for the MJRB do meet target TMDL loads for the James 

River Basin suggesting point sources are the cause of the TMDL TN target load not being met.  However, 

the UAL model dose not consider the unique influence of karst hydrology on TN sources loads in the James 

River.  

 

5. Load reduction estimates for modeled nonpoint TP loads show that urban stormwater BMPs installed in the 

MJRB with the capability of reducing loads up to 25% will not be enough to meet TMDL target 

concentrations.  This suggests either higher efficiency of BMP performance is required or other land use 

categories will need to be addressed.      

 

6. Assuming no reduction in point source loads, the UAL model shows it will take treating 90% of the MJRB 

urban area with BMPs of 40% load reduction capability to reach the target TMDL concentration of 0.075 

mg/L.  If the BMP had a 50% load reduction capability, the treated urban area needed would be 70%.   
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Appendix III 

NPDES Permitted Facilities within the Middle James River Sub-basin 

FAC_ID OUTFALL T_OUTFALLS FAC_NAME FAC_ADD1 CITY ZIP COUNTY 

MO0099325 FA 1 HIDDEN VALLEY ESTATES ROUTE 1 CLEVER 65631 STONE 

MOG350163 01 1 MFA BULK PLANT-CLEVER HWY P CLEVER 65631 CHRISTIAN 

MOG140037 01 1 USDOE, NIXA SUBSTATION HIGHWAY 14 NIXA 65714 CHRISTIAN 

MOG490033 01 1 

LEO JOURNAGAN 

BATTLEFIELD 747 WISE HILL ROAD CLEVER 
65631 

CHRISTIAN 

MOG822095 01 1 

DARLING INTERNATIONAL, 

IN 947 CLAYHILL RD BILLINGS 
65610 

CHRISTIAN 

MOG490497 01 1 

CONCRETE COMPANY OF 

SPRIN HWY NN OZARK 
65721 

BARRY 

MOG490559 01 1 PRESTRESSED CASTING CO 911 E SUNSET OZARK 65721 CHRISTIAN 

MOG490509 01 1 

CHRISTIAN CO CONCRETE 

CO 432 TRACKER RD NIXA 
65714 

CHRISTIAN 

MO0135313 01 1 HEAVY DUTY REBUILDERS 1250 WEST LIBERTY AVE OZARK 65721 CHRISTIAN 

MO0116386 01 1 RASPBERRY HILL WWTP TRACKER & OWEN RD NIXA 65714 CHRISTIAN 

MOG490500 01 1 SOUTHWEST MATERIALS HIGHWAY CC WEST OF 65 OZARK 65721 CHRISTIAN 

MO0106151 01 1 FREMONT HILLS WWT HWY CC NIXA 65714 CHRISTIAN 

MO0119687 01 1 MERCHANTS FIELD WWTF 135 E HWY CC NIXA 65714 CHRISTIAN 

MO0106127 01 1 

CEDAR HILL APARTMENTS 

WWT 3601 WESTWIND DR OZARK 
65721 

CHRISTIAN 

MOG970032 01 1 OZARK QUARRY 

1506 FARMERS BRANCH 

RD OZARK 
65721 

CHRISTIAN 

MOG490434 01 1 

LEO JOURNAGAN OZARK 

QUARR 

1506 FARMERS BRANCH 

RD OZARK 
65721 

CHRISTIAN 

MOG490334 01 1 

CITY WIDE CONSTRUCTION 

PR 

1817 FARMER BRANCH 

ROAD OZARK 
65721 

CHRISTIAN 
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MO0114464 01 1 

RIVER DOWNS WEST SUBD 

WWT LOT #11/STATE HWY AA NIXA 
65714 

CHRISTIAN 

MOG490622 01 1 KAY CONCRETE-REPUBLIC HWY 60 BILLINGS 65610 CHRISTIAN 

MO0131172 01 1 

N CHRISTIAN CO REG 

SEWER HIGHWAY AA NIXA 
65714 

CHRISTIAN 

MO0001961 04 10 SPRINGFIELD, JAMES RIVER 5701 S KISSICK RD SPRINGFIELD 65804 GREENE 

MO0001961 MW 10 SPRINGFIELD, JAMES RIVER 5701 S KISSICK RD SPRINGFIELD 65804 GREENE 

MO0001961 06 10 SPRINGFIELD, JAMES RIVER 5701 S KISSICK RD SPRINGFIELD 65804 GREENE 

MO0001961 07 10 SPRINGFIELD, JAMES RIVER 5701 S KISSICK RD SPRINGFIELD 65804 GREENE 

MO0001961 09 10 SPRINGFIELD, JAMES RIVER 5701 S KISSICK RD SPRINGFIELD 65804 GREENE 

MO0001961 10 10 SPRINGFIELD, JAMES RIVER 5701 S KISSICK RD SPRINGFIELD 65804 GREENE 

MO0001961 05 10 SPRINGFIELD, JAMES RIVER 5701 S KISSICK RD SPRINGFIELD 65804 GREENE 

MOG490607 01 1 APAC - MISSOURI, INC., DA 4624 WEST CALHOUN SPRINGFIELD 65802 GREENE 

MO0089940 02 5 

SPRINGFIELD SOUTHWEST 

PP 

HAZELTINE RD/WALNUT 

LAWN SPRINGFIELD 
65619 

GREENE 

MO0089940 05 5 

SPRINGFIELD SOUTHWEST 

PP 

HAZELTINE RD/WALNUT 

LAWN SPRINGFIELD 
65619 

GREENE 

MO0089940 04 5 

SPRINGFIELD SOUTHWEST 

PP 

HAZELTINE RD/WALNUT 

LAWN SPRINGFIELD 
65619 

GREENE 

MO0089940 01 5 

SPRINGFIELD SOUTHWEST 

PP 

HAZELTINE RD/WALNUT 

LAWN SPRINGFIELD 
65619 

GREENE 

MO0049522 01 2 SPRINGFIELD SOUTHWEST 3301 SOUTH HWY FF SPRINGFIELD 65801 GREENE 

MO0049522 02 2 SPRINGFIELD SOUTHWEST 3301 SOUTH HWY FF SPRINGFIELD 65801 GREENE 
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MOG140049 01 1 THE VICTOR L. PHILLIPS CO 6330 W HWY 60 SPRINGFIELD 65619 GREENE 

MO0089940 06 5 

SPRINGFIELD SOUTHWEST 

PP 

HAZELTINE RD/WALNUT 

LAWN SPRINGFIELD 
65619 

GREENE 

MO0001864 01 1 

CARLISLE POWER TRANS 

PROD 2601 W BATTLEFIELD RD SPRINGFIELD 
65807 

GREENE 

MOG490557 01 1 PRESTRESSED CASTING CO 1600 S SCENIC SPRINGFIELD 65807 GREENE 

MO0001970 01 2 ARCHIMICA INC WWTF 2460 WEST BENNETT ST SPRINGFIELD 65807 GREENE 

MO0001970 02 2 ARCHIMICA INC WWTF 2460 WEST BENNETT ST SPRINGFIELD 65807 GREENE 

MO0001945 03 4 KRAFT FOODS GLOBAL, INC 2035 E BENNETT SPRINGFIELD 65804 GREENE 

MO0001945 01 4 KRAFT FOODS GLOBAL, INC 2035 E BENNETT SPRINGFIELD 65804 GREENE 

MO0001945 02 4 KRAFT FOODS GLOBAL, INC 2035 E BENNETT SPRINGFIELD 65804 GREENE 

MO0001945 04 4 KRAFT FOODS GLOBAL, INC 2035 E BENNETT SPRINGFIELD 65804 GREENE 

MOG490499 01 1 MIDWEST BLOCK & BRICK 928 S GLENSTONE SPRINGFIELD 65802 GREENE 

MOG760097 01 1 OZARKS REGIONAL YMCA 417 S. JEFFERSON SPRINGFIELD 65806 GREENE 

MO0002127 01 1 

DAIRY FARMERS OF 

AMERICA 800 WEST TAMPA SPRINGFIELD 
65802 

GREENE 

MO0132446 01 4 WILLOW BROOK FOODS 501 N MAIN SPRINGFIELD 65802 GREENE 

MO0132446 02 4 WILLOW BROOK FOODS 501 N MAIN SPRINGFIELD 65802 GREENE 

MO0132446 03 4 WILLOW BROOK FOODS 501 N MAIN SPRINGFIELD 65802 GREENE 

MO0132446 04 4 WILLOW BROOK FOODS 501 N MAIN SPRINGFIELD 65802 GREENE 

MOG490642 01 1 

CONCRETE COMPANY OF 

SPRIN 510 SHERMAN PARKWAY SPRINGFIELD 
65802 

GREENE 
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MOG350171 01 1 SACO PETROLEUM INC 500 N NATIONAL SPRINGFIELD 65802 GREENE 

MOG350168 01 1 

SAFETY KLEEN SYSTEMS, 

INC 734 NW BYPASS 66 SPRINGFIELD 
65802 

GREENE 

MO0001988 01 1 SWEETHEART CUP CO 1100 N GLENSTONE SPRINGFIELD 65801 GREENE 

MO0137333 01 1 

DURAKAST CONCRETE 

PRODUCT 3612 W NICHOLS SPRINGFIELD 
65802 

GREENE 

MO0097454 01 1 

GEN COUNCIL ASSEMBLY 

GOD 1445 BOONVILLE SPRINGFIELD 
65802 

GREENE 

MO0131440 01 1 

LAND O'LAKES PURINA 

FEED 2726 W DIVISION ST SPRINGFIELD 
65802 

GREENE 

MOG490348 01 1 

SPRINGFIELD READY MIX 

COM 2836 W DIVISION STREET SPRINGFIELD 
65801 

GREENE 

MO0116823 01 1 BNSF SPRINGFIELD YARD 1625 N LEXINGTON SPRINGFIELD 65802 GREENE 

MOG490011 03 3 

SPRINGFIELD 

UNDERGROUND, 2233 N LECOMPTE RD SPRINGFIELD 
65801 

GREENE 

MOG490985 01 1 

REGIONAL READY MIX, 

INC. 1819 O'HARA SPRINGFIELD 
65802 

GREENE 

MOG490502 01 1 

NATTINGER MATERIALS 

COMPA 1650 E ATLANTIC STREET SPRINGFIELD 
65808 

GREENE 

MOG490234 01 1 QUICKRETE PRODUCTS 3045 W ATLANTIC SPRINGFIELD 65802 GREENE 

MO0117331 02 2 

KERR-MCGEE CHEMICAL, 

LLC 2800 WEST HIGH ST SPRINGFIELD 
65801 

GREENE 
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PROJECT DESCRIPTION 
 
 

Wilsons Creek watershed has been identified as a critical source of nonpoint source nutrients to 

the James River Basin of southwest Missouri. The James River Basin is listed on the state’s 

303(d) list as being impaired by nutrients from multiple point and nonpoint sources (MDNR, 

2001).  In 2001, a Total Maximum Daily Load (TMDL) was developed for the James River that set 

nutrient limits and targets for both wastewater treatment facilities and urban nonpoint land 

use (MDNR, 2001). The TMDL set in-stream eutrophication threshold target concentrations for 

total phosphorus (TP) at 0.075 mg/L and total nitrogen (TN) at 1.5 mg/L. Efforts to control 

point sources through improved tertiary treatment have reduced nutrient concentrations in the 

Lower James River between 60% to 70% (MDNR 2004; Obrecht et al. 2005).  However, nutrient 

concentrations still remain above the TMDL limits in streams draining urban areas within the 

Wilsons Creek watershed (Richards and Johnson 2002; Miller 2006; Hutchinson 2010). 
 

 

The James River Basin Partnership is updating the watershed management plan for the Wilson 

Creek-James River watershed. As part of this effort, the Ozarks Environmental and Water 

Resources Institute  at Missouri State University has developed a Soil and Water Assessment 

Tool (SWAT) model for the Wilson Creek watershed to identify pollution sources and to provide 

load reduction analysis.  Using this model, watershed managers can better plan, locate, and 

budget for best management practices (BMPs) within the Wilsons Creek watershed that will 

reduce nonpoint pollution to the river. The purpose of this report is to provide a comprehensive 

evaluation of nonpoint source yield and load reductions in the Wilsons Creek watershed.  This 

approach has been used in other states including Michigan, Minnesota, and Wisconsin (Folle et 

al. 2007; Kieser & Associates 2008; MSAPS 2015).  The specific objectives are as follows: 
 

 

1)   Create a SWAT model using the latest climate, elevation, land use, hydrologic, and water 

quality data available for the Wilsons Creek watershed; 
 

 

2)   Calibrate the model for discharge and water quality at three gaging station using data 

collected from 2006-2015; 
 

 

3)   Quantify load contributions of nutrients (nitrogen, phosphorus) and suspended sediment at 

four sub-basins with a total of 90 individual hydrologic response units (HRUs); 
 

 

4)   Identify and prioritize load contributions from sub-watersheds and evaluate the relative 

importance of managing them; and
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5)    Evaluate the effectiveness of alternative BMPs at reducing pollutant loads from the Wilsons 

Creek watershed. 
 
 

STUDY AREA 
 

 

The Wilsons Creek watershed (264.9 km2) drains portions of Greene and Christian counties in 

southwest Missouri and flows into the James River southwest of the City of Springfield (Figure 

1).  The Wilsons Creek watershed is a mixed-use watershed with urban, agriculture, and forest 

land use within its drainage area. The National Hydrologic Dataset (NHD) created by the United 

States Geological Survey (USGS) shows the Wilsons Creek watershed consists of three HUC 12 

watersheds.  These watersheds are the Headwaters Wilsons Creek #110100020301 (130.4 km2), 

Wilsons Creek #110100020303 (66.0 km2), and Terrell Creek #110100020302 (68.5 km2). 

However, for the purpose of this model only Headwaters Wilsons Creek and Wilsons Creek 

were used.  The model will include the influence of the City of Springfield’s Southwest Clean 

Water Plant (SCWP) located along Wilsons Creek southwest of the city and contributes a 

considerable amount of discharge and nutrients to the system at base flow. 
 
 

 
METHODS 

 
 

The SWAT model is a widely used, physically based, GIS watershed model developed by U.S. 

Department of Agriculture – Agriculture Research Service (USDA-ARS) (Arnold and Fohrer, 

2005).  It functions on a continuous time-step (daily, monthly, etc.) with input options for 

hydrology, nutrients, erosion, land management, main channel processes, water bodies, and 

climate data. The SWAT model predicts the influence of land management practices on 

constituent yields from a watershed.  The model includes agricultural components such as 

fertilizer, crops, tillage options, and grazing and has the capability to include point source loads 

(Neitsch et al., 2002a; Neitsch et al., 2002b).  The following sections will describe data sources, 

model setup, and calibration procedures used in the creation of this model. 
 

 

Data Sources 

Required GIS input data files needed for the SWAT model include the digital elevation model 

(DEM), land cover, soils, and weather data. The DEM used for this project had a spatial 

resolution of 30‐m and was obtained from the Missouri Spatial Data Information Service 

(http://msdis.missouri.edu/data/10mDEM/). The DEM was used for automatic delineation of 

watershed boundaries and to define the channel networks. Land use and land cover (2011) file 

was obtained Natural Resources Conservation Service (NRCS), United States Department of 

Agriculture (http://www.mrlc.gov/nlcd11_data.php). The soil data was obtained from Natural

http://msdis.missouri.edu/data/10mDEM/
http://www.mrlc.gov/nlcd11_data.php
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Resources Conservation Service (NRCS), United States Department of Agriculture for Greene, 

Christian, Webster and Stone Counties 

(http://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils).  Weather data including 

precipitation and temperature (minimum and maximum) were collected from the National 

Climate Data Center (NCDC) website (https://www.ncdc.noaa.gov/cdo-web) from the National 

Weather Service station at the Springfield Regional Airport from 2003 to 2014. 
 

 

SWAT Model Procedures 

The model separated the two HUC 12 watersheds into four sub-basins with the outlets of sub- 

basins 1, 2, and 3 located at United States Geological Survey (USGS) gaging stations for 

calibration purposes (Table 1) (Figure 2).  These gages are Wilsons Creek at Springfield 

(#07052000), South Creek near Springfield (#07052120), and Wilsons Creek near Brookline, MO 

(#07052152).  The Wilson Creek near Brookline gage is located immediately downstream of the 

SCWP outfall.  Sub-basin 4 represents the un-gaged land area downstream of the furthest 

downstream gaging station in the watershed, Wilsons Creek near Brookline, MO (#07052152). 
 

 

Model calibration 

The SWAT model was calibrated by using the SWATCUP software.  SWAT-CUP is a computer 

program for calibration of SWAT models.  It enables sensitivity analysis, calibration, and 

uncertainty analysis of a SWAT model.  Several statistical approaches can be used to check 

SWAT model performance such as: coefficient of determination (R2), Nash-Suttcliffe Simulation 

Efficiency (NSE), mean absolute error (MAE), Root Mean Square Error (RMSE), and Theil’s 

inequality coefficient (U).  For this project, the Nash-Suttcliffe simulation efficiency was used to 

evaluate the model.  NSE is a dimensionless coefficient which shows a relative assessment of the 

model. The NSE ranges from 0 to 1 and measures how well the simulated versus observed data 

match the 1:1 line (Regression line with slope equal to 1).  An NSE value of 1 reflects a perfect fit 

between the simulated and measured data.  A smaller NSE value indicates a poorer 

fit between the simulated and observed time series data.  The NSE is described by the following 

equation: 

 

 

 
 

 

where Obsi is the first observation value in the series, Simi is the first simulated value in the 

series, Obsmean is the mean of observed data, and n is the total number of observations in the 

series.  Sensitivity analysis is performed to identify key parameters and parameter precision 

required for calibration.  The sensitivity analysis is performed by changing input parameters one 

at a time and comparing their impact on model output located at the gaging stations; a 

http://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils
https://www.ncdc.noaa.gov/cdo-web
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parameter that causes larger change is deemed more sensitive (Van Griensven, et.al, 2006). 

Then, model input parameters identified during sensitivity analysis are adjusted so that the 

model outlet most closely resembles the observed data. NSE values should be ≥ 0.5 to be 

considered acceptable (American Society of Civil Engineers 1993, Moriasi et.al, 2007). 
 

 

For this project, discharge was calibrated for sub-basins 1, 2, and 3 using available data from 

USGS gage stations at a daily time-step. The comparison made between the observed and 

simulated stream flow indicated that a good agreement was obtained between the observed and 

simulated daily flow, which was verified using quantitative statistics. For the daily time-step 

calibration for discharge, the NSE was 0.7 for sub-basin 1, 0.5 for sub-basin 2, and 0.8 for sub- 

basin 3.  However, due to karst influence in sub-basin 2, the parameters used to achieve the 

NSE values were unrealistic.  So, parameters used for sub-basin 1 were applied to sub-basin 2 

with the understanding the NSE would not be within an acceptable range, but was a more 

realistic simulation of what was moving off the landscape. The final NSE for sub-basin 2 was 

0.4. 
 
 

Sediment and nutrients were calibrated at a monthly time-step using 31 samples collected by 

OEWRI and USGS at the Wilsons Creek at Springfield gage since 2006. (Table 2) (Hutchison 

2010). Due to limited data at the Wilsons Creek near Brookline gage and the karst hydrology 

problems encountered at the South Creek gage, sediment and nutrients were only calibrated at 

the Wilson Creek near Springfield station in sub-basin 1. The computed statistical indicators NSE 

were 0.5 for sediment, 0.6 for TP, and 0.5 for TN. The calibrated parameters for sediment and 

nutrients from sub-basin 1 were then applied to sub-basins 2 and 3 which have similar land use, 

topography, and soils. 
 

 

Model Output 

Model results are displayed in a series of maps that show modeled concentrations of sediment, 

TP, and TN for each the Hydrologic Response Units (HRU) generated by the model.  An HRU is a 

single raster cell representing the same unique combination of land use, soil, and slope values 

within the watershed.  To limit the total number of HRUs, the model was preset to 

automatically lump HRUs representing <10% of the sub-basin area to adjacent HRUs, which is a 

common practice in SWAT modeling. The model produces the average water, sediment, TN, and 

TP yield for every individual HRU that was then converted into an average concentration. These 

concentrations are displayed in a series of maps as a rating system based on published Total 

Maximum Daily Load (TMDL) target concentrations for TP (0.075 mg/L) and TN (1.5 mg/L). 

Ratings for sediment were based on the distribution of concentration values that roughly 

represent the quartile ranges.  The rating system uses four categories: Low, Moderate, High, 

and Very High. Ranges for concentrations represented by each category are explained in the 

map legend (see Figures 3-5).
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Management Scenarios 

The management portion of this project focused on reducing nutrients and sediment from each 

sub-basin by targeting “hot spot” areas within the watershed and applying appropriate BMPs. 

Sources of high nutrients and sediment were identified within the watershed by locating HRUs 

contributing the highest concentrations of pollution in each sub-basin. The BMPs were then 

applied to these targeted “hot spot” HRUs within each sub-basin. The BMP used to reduce 

pollution in these areas was a vegetative filter strip, which is a BMP option already integrated 

within the SWAT model framework.  This was chosen to best simulate the disconnection of 

impervious surfaces within the urban environment needed to reduce runoff and filter pollutants. 

Two vegetative filter strip widths of 3 m and 10 m were applied and simulated to 

get a high and low reduction value for each sub-basin. 
 

 
 
 

RESULTS AND DISCUSSION 
 
 

The modeling portion of this project was completed in three phases: 1) modeling existing loads 

and comparing to the TMDL threshold concentrations; 2) identification of critical areas within 

the watershed contributing significantly to the nonpoint source pollution referred to here as 

“hot spots”; and 3) application of BMPs to those critical areas and determining the load 

reduction. Results of these three phases of the modeling process are described below. 
 

 

Existing loads 

The present load of sediment, TP, and TN was quantified for each sub-basin using the model 

(Table 3). Sediment loads range from 6,662 Mg at sub-basin 1 to 21,133 Mg at sub-basin 3.  The 

TP load ranges from 4,416 kg at sub-basin 1 to 30,899 kg at sub-basin 3. However, of the total 

30,899 kg, 17,226 kg (55.7%) are from nonpoint sources while 13,673 kg (44.3%) are from 

Springfield’s SCWP.  Load ranges for TN are 16,375 kg at sub-basin 1 to 414,989 kg at sub-basin 

3.  Of the total 414,989 kg of TN at sub-basin 3, 65,568 kg (15.8%) are from nonpoint sources 

and 349,421 (84.2%) are from Springfield’s SCWP. The model shows nonpoint source TP 

accounts for a much higher percentage of the total load from sub-basin 3 compared to TN, 

where the larger percentage is coming from the point source. This indicates TP should be the 

primary focus of managing nonpoint source pollution within the Wilsons Creek watershed. 
 

 

Comparison of the modeled nonpoint source loads to the TMDL eutrophication threshold loads 

shows nonpoint source TP is a far greater concern for water quality than TN.  Modeled 

nonpoint TP loads need to be reduced 71 to 86% in the three sub-basins to meet the target 

load goal in the Wilson’s Creek watershed (Table 4).  However, for nonpoint source TN, sub- 

basins 1 and 3 are below the TMDL target load and sub-basin 2 needs to reduce nonpoint
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source TN loads by 37.3%.  Overall, the model results suggest nonpoint source TP reduction 

should be the main focus of nonpoint source management efforts for improving water quality 

in Wilsons Creek. 
 

 

Model output suggests nonpoint source TP is linked to sediment sources within the watershed, 

which are high compared to published values.  The average TSS concentrations for the four sub- 

basins from this model range from 357 to 999 mg/L (Table 5). This is much higher than loads 

that have been previously reported in urban and mixed land use streams in the Springfield, 

Missouri area, which tend to be low compared to Midwestern streams. However, modeled 

average TSS concentrations are similar to published mean values from urban areas in Johnson 

County, Kansas (Kansas City metropolitan area) which range from 391 to 661 mg/L. This shows 

modeled values may be high for the area, but are relatively similar to measured values from 

other urban areas with similar climate and land use history. 
 

 

Source Identification 

Land areas within the watershed contributing the highest yields of nonpoint source sediment, 

TP, and TN were identified for HRUs within the watershed contributing the highest 

concentrations.  There were a total of 90 different HRUs identified within the four sub-basins 

and an average TP, TN, and sediment concentrations was calculated for each.  The ranges of 

concentrations for each parameter are listed in Table 6.  Ranges in concentration values are 

reasonable when compared to the ranges in concentrations found in field based sampling of 

small, single land use type catchments in the area.  Maps showing the spatial distribution of 

ranked HRU concentrations of sediment, TP, and TN can be found in Figures 3, 4, and 5. 
 

 

Since TP levels were found to be both relatively high compared to the TMDL threshold with a 

larger percentage of total load from nonpoint source pollution, HRUs with concentrations >0.6 

mg/L of TP were targeted as “hot spots” within the watershed.  The model indicates the HRUs 

with the highest concentrations of TP are found in the sub-basins 1 and 2, with very few in sub- 

basin 3.  In general, the model identified four “hot spots” within the watershed that are 

producing relatively high concentrations of TP. These “hot spot” areas are described here: 
 

 

1.         North Branch of Jordan Creek watershed upstream of Division Street in sub-basin 1. 

2. South Branch of Jordan Creek watershed upstream of National Avenue to the sinkhole 

at the end of Belview Avenue in sub-basin 1. 

3.         Fassnight Creek watershed upstream of Kansas Expressway in sub-basin 1. 

4.         The entire South Creek watershed, or sub-basin 2.
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Load Reductions 

Watershed BMPs were applied to HRUs within the “hot spots” identified through the modeling 

process.  Since there were very few HRUs in sub-basin 3 with TP concentrations >0.600 mg/L, an 

alternative riparian corridor easement along the main channel of Wilsons Creek was added to 

assess the overall impact of both BMPs. Therefore, load reductions were calculated by 

implementing vegetative filter strips in sub-basins 1 and 2, and by implementing a riparian 

corridor easement in sub-basin 3. Load reduction results of each BMP are discussed below.  For 

the purpose of this project, no BMP effects were modeled in sub-basin 4. 
 
 

Vegetative Filter Strips - By implementing vegetative filter strips at 3 m and 10 m in width to the 

HRUs with the highest concentrations of TP in sub-basins 1 and 2, sediment, TP, and TN loads 

would be reduced significantly from those two watersheds.  For this project, the 3 m filter strip 

would represent the lower load reduction estimate and the 10 m wide strip would be the high 

estimate. Modeled reductions of sediment loads would decrease 22 to 31% in sub-basin 1 and 

25 to 35% in sub-basin 2 (Table 7). Sediment loads would be 15 to 21% lower at sub-basin 3. 

The TP load would be decreased 15 to 22% in sub-basin 1 and 17 to 24% in sub-basin 2 (Table 

8).  The nonpoint portion of the TP load for sub-basin 3 would be reduced 10 to 14%.  The TN 

load would decrease 15 to 21% in sub-basin 1 and 16 to 23% in sub-basin 2 (Table 9).  For the 

nonpoint portion of the TN load in sub-basin 3, the load would be reduced 10 to 14%. 
 

 

Riparian Corridor Easement – A recent study Owen et al. (2015a) suggested that implementing a 

riparian corridor easement along the main channel of Wilsons Creek from Scenic Avenue to 

Springfield’s CWP would significantly reduce contributions of sediment and TP to the watershed 

from bank erosion.  Riparian corridor restoration is a common practice for stream restoration 

around the country and is typically integrated into watershed management documents 

(McBride and Booth 2005; Riggs 2008; Lenhart et al. 2010).  Since the model shows the most 

significant areas within the watershed contributing TP to the watershed from nonpoint source 

runoff are coming from sub-basins 1 and 2, implementation the riparian corridor easement to 

the channel in sub-basin 3 could improve the overall load reduction at the outlet of sub-basin 3. 

It was estimated that implementation of the riparian corridor easement would reduce sediment 

loads by 1,193 to 2,385 Mg/yr and reduce TP loads 430 to 860 kg/yr (Tables 10 and 11).  By 

implementing the riparian corridor easement in addition to the BMPs in sub-basins 1 and 2, there 

would be a combined overall sediment load reduction of 20-32% and a combined TP load 

reduction of 12-19% at the sub-basin 3 outlet.
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RECCOMENDATIONS 
 
 

There are three overall recommendations based on model analysis from this project that would 

have a combined effect of reducing sediment loads from 20-32%, nonpoint TP loads 12-19%, and 

nonpoint source TN loads 10-14% at sub-basin 3. These recommendations are: 
 

 

1.   Implement BMPs in sub-basin 1 to disconnect impervious surfaces, detain runoff, and 

increase infiltration focusing on the developed areas of the North Branch of Jordan 

Creek upstream of Division Street, the South Branch of Jordan Creek watershed 

upstream of National Avenue to the sinkhole at the end of Belview Avenue, and the 

Fassnight Creek watershed upstream of Kansas Expressway. 
 

 

2.   Implement BMPs in developed areas of sub-basin 2 (South Creek watershed) to 

disconnect impervious surfaces, detain runoff, and increase infiltration. 

 
3.   Implement a riparian corridor easement along the main channel of Wilsons Creek from 

Scenic Avenue to Springfield’s CWP to reduce contributions from bank erosion. 

However, extending the riparian corridor easement into the tributaries would have even 

a greater impact on reducing nonpoint sources of sediment and TP, especially areas of 

relatively recent development where streams are just starting to adjust to the new 

hydrological regime (Bledsoe and Watson 2001, Rasmussen et al. 2009). 
 
 

 
CONCLUSIONS 

 
 

There are five main conclusions from this report: 
 
 

1.   A SWAT Model was created for the Wilsons Creek watershed that included the two 12 digit 

HUCs, Headwaters Wilsons Creek #110100020301 and Wilsons Creek #110100020303. The 

model quantified existing loads and load reductions from BMP implementation in the 

developed areas in the upper watershed for TSS, TP, and TN; 
 

 

2.   Model results show nonpoint source TP reduction should be the main focus of nonpoint 

source management efforts for improving water quality in Wilsons Creek. Modeled output 

suggests to meet the target load goal in the Wilson’s Creek watershed, nonpoint TP loads 

need to be reduced 71 to 86% in the three sub-basins while nonpoint TN loads are below 

the TMDL threshold in 2 of the 3 sub-basins.  Model results for TSS are high compared to 

observed values from the area, but are similar to measured values reported from urban
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areas in the Kansas City metropolitan area with similar climate and land use history; 
 
 

3.   A total of four “hot spots” were identified in sub-basins 1 and 2 to receive BMP treatments. 

These are: 1) North Branch of Jordan Creek watershed upstream of Division Street; 2) South 

Branch of Jordan Creek watershed upstream of National Avenue; 3) Fassnight Creek 

watershed upstream of Kansas Expressway; and the entire South Creek watershed; 
 

 

4.   Implementation of 3 m and 10 m filter strips would reduce loads of sediment by 15 to 21%, 

TP loads by 10 to 14%, and TN loads 10 to 14% in sub-basin 3 respectively; and 
 

 

5.   Implementing a riparian corridor easement on the main stem of Wilson’s Creek from Scenic 

Avenue downstream to the CWP would further reduce loads of sediment by an additional 6 

to 11% and TP an additional 3 to 5% in sub-basin 3 for a total combined BMP reduction of 

20 to 32% reduction of sediment and a 12 to 19% reduction of TP.



11 

James River Basin 

 

REFERENCES 
 
 

Almendinger J.E. and J. Ulrich, 2012. Applying a SWAT model of the Sunrise River watershed, 

eastern Minnesota, to predict water-quality impacts from land use changes.  Sunrise River 

Watershed SWAT Modeling Phase 5, funded by the Minnesota Pollution Control Agency. 
 

 

American Society of Civil Engineers, 1993. Criteria for Evaluation of Watershed Models. Journal 

of Irrigation and Drainage Engineering, 119, 429-442. 
 

 

Arnold, J. G, and N. Fohrer. 2005. SWAT 2000: Current capabilities and research opportunities 

in applied watershed modeling. Hydrological Processes 19: 563-572 
 

 

Bledsoe, B.P. and C.C. Watson, 2001.  Effects of Urbanization on Channel Stability. Journal of 

the American Water Resources Association, Vol. 37, No. 2, pp. 255-270. 
 

 

Bowen, M., 2004. Consequences of Reservoir Drainage on Downstream Water Chemistry, 

Suspended Sediment, and Nutrients, Southwest Missouri. Unpublished Masters Thesis, 

Department of Geography, Geology, and Planning, Missouri State University. 
 

 

Ellison C.A., B.E. Savage, and G.D. Johnson, 2014. Suspended-Sediment Concentrations, Loads, 

Total Suspended Solids, Turbidity, and Particle-Size Fractions for Selected Rivers in Minnesota 

2007-2011.  U.S. Geological Survey Scientific Investigations Report 2013-5205, 43 p. 
 
 

Folle, S., B. Dalzell, and D. Mulla, 2007. Evaluation of Best Management Practices (BMPs) in 

Impaired Watersheds Using the SWAT Model. Minnesota Department of Agriculture. 
 
 

Hutchison, E.C.D., 2010. Mass Transport of Suspended Sediment, Dissolved Solids, Nutrients, 

and Anions in the James River, SW Missouri. Unpublished Masters Thesis, Department of 

Geography, Geology, and Planning, Missouri State University. 
 

 

Kieser & Associates, 2008.  Modeling of Agricultural BMP Scenarios in the Paw Paw River 

Watershed using the Soil and Water Assessment Tool (SWAT). Prepared for the Southwest 

Michigan Planning Commission. 
 

 

Lenhart, C., B. Suppes. K. Brooks, and J. Magner, 2010.  Riparian Corridor-Channel Restoration 

and Management in Elm Creek, Minnesota.  Ecological Restoration, Vol 28, No. 3, pp. 240-242



12 

James River Basin 

 

McBride, M. and D.B. Booth, 2005.  Urban Impacts on Physical Stream Condition: Effects of 

Spatial Scale, Connectivity, and Longitudinal Trends.  Journal of the American Water Resources 

Association, Vol. 41, No. 3, pp. 565-580. 
 

 

Miller, R.B., 2006. Nutrient Loads in an Ozark Watershed: Jordan, Fassnight and Upper Wilsons 

Creeks, Springfield, Missouri.  Unpublished Masters Thesis, Department of Geography, Geology, 

and Planning, Missouri State University. 

 

Missouri Department of Natural Resources (MDNR), 2001. Total Maximum Daily Load (TMDL) 

for James River, Webster, Greene, Christian, and Stone Counties, Missouri. 
 
 

Missouri Department of Natural Resources (MDNR), 2004. Update for the James River TMDL 

Webster, Greene, Christian and Stone Counties, Missouri. Water Pollution Control Program, 

December 2004. 12 pp. 
 

 

Moriasi, D. N., J. G. Arnold, M. W. Van Liew, R. L. Bingner, R. D. Harmel and T. L. Veith, 2007. 

“Model evaluation guidelines for systematic quantification of accuracy in watershed 

simulations,” Transactions of the ASABE, Vol. 50, No. 3, pp. 885−900. 
 

 

MSA Professional Services (MSAPS), 2015.  Upper Cedar River Watershed SWAT Model Report. 

Prepared for Upper Cedar Watershed Management Improvement Authority. 
 

 

Neitsch, S.L., J.G. Arnold, J.R. Kiniry, J.R. Williams, and K.W. King. 2002a. Soil and water 

assessment tool theoretical documentation, Version 2000. Available at 

http://www.brc.tamus.edu/ swat/downloads/doc/swat2000theory.pdf. Accessed in November 

2005. 
 
 

Neitsch, S.L., J.G. Arnold, J.R. Kiniry, and J.R. Williams. 2002b. Soil and water assessment tool 

user’s manual, version 2000. Available at http://www.brc.tamus.edu/swat/downloads/doc/ 

swatuserman.pdf. Accessed in November 2005. 
 

 

Obrecht, D., A.P. Thorpe, J.R. Jones, 2005.  Reponses in the James River Arm of Table Rock Lake. 

Missouri (USA) to point-source phosphorus reduction. Verh. Internat. Verein. Limnol., Vol. 29, 

1,043-1,048. 
 
 

Owen, M.R. and R.T. Pavlowsky 2014.  Water Quality Assessment and Load Reductions for 

Pearson Creek, Springfield, Missouri. Final Report, Completed for: James River Basin 

Partnership, Show-Me Yards Neighbors, Farms and Ranches 319 Project. January 31, 2014.

http://www.brc.tamus.edu/
http://www.brc.tamus.edu/
http://www.brc.tamus.edu/swat/downloads/doc/


13 

James River Basin 

 

Owen, M.R., R.T. Pavlowsky, and K. Zelzer, 2015a. Nonpoint Source Bank Erosion and Load 

Reduction Asseessment for the Wilson Creek 319 Riparian Corridor Easement Site, Greene 

County, Missouri.  Final Report to the James River Basin Partnership. The Ozarks Environmental 

and Water Resources Institute, Missouri State University, OEWRI EDR-15-005. 
 

 

Owen, M.R., R.T. Pavlowsky and A. Mulling 2015b. South and Fassnight Creek Water Quality 

Assessment, January 2012-March 2015. Completed for the Watershed Committee of the 

Ozarks supporting the Springfield Greene County Urban Watershed Stewardship 319 Grant. 

May 12, 2015. 
 

 

Rasmussen, T.J., C.J. Lee, and A.C. Ziegler, 2008. Estimation of constituent concentrations, 

loads, and yields in streams of Johnson County, northeast Kansas, using continuous water- 

quality monitoring and regression models, October 2002 through December 2006: U.S. 

Geological Survey Scientific Investigations Report 2008–5014, 103 p. 
 

 

Rasmussen, T.J., B.C. Poulton, and J.L. Graham, 2009.  Quality of Streams in Johnson County, 

Kansas, and Relations to Environmental Variables, 2003-07.  U.S. Geological Survey Scientific 

Investigations Report 2009–5235, 84p. with appendices. 
 

 

Richards, J.M. and B.T. Johnson, 2002. Water Quality, Selected Chemical Characteristics, and 

Toxicity of Base Flow and Urban Stormwater in the Pearson Creek and Wilsons Creek Basins, 

Greene County, Missouri, August 1999 to August 2000. Water-Resources Investigations Report 

02-4124, United State Geological Survey. 
 

 

Riggs, E., 2008.  Riparian Corridor Protection in the Huron River Watershed.  Huron River 

Watershed Council, Michigan Department of Environmental Quality. 
 
 

Robertson, D.M., D.A. Saad, D.M. Heisey, 2006. Present and Reference Concnetrations and 

Yields of Suspended Sediment in Streams in the Great Lakes Region and Adjacent Areas.  U.S. 

Geological Survey Scientific Investigations Report 2006-5066. 
 

 

Van Griensven A, T. Meixner, S. Grunwald, T. Bishop, M. Di Luzio and R. A. Srinivasan, 2006. 

Global sensitivity analysis method for the parameters of multi-variable watershed models, 

Journal of Hydrology, Vol. 324, pp. 10–23.



14 

James River Basin 

 

 

Sub-basin 

TP Load       TMDL TP               % 

(kg)           Load (kg)      Reduction 

TN Load       TMDL TN              % 

(kg)           Load (kg)      Reduction 
Sub 1 

Sub 2 

Sub 3 

4,416              985                 77.7 

6,273              858                 86.3 

17,226           4,930               71.4 

16,375          19,696            Under 

27,380          17,159              37.3 

65,568          98,608             under  

TABLES 
 
 

Table 1. USGS gaging stations in the Wilsons Creek watershed. 
 

 

USGS Station Name 
USGS 

Station # 

Drainage 
Area (km

2
) 

Years of 
Operation 

Wilson Creek at Springfield 07052000 46.1 1932-2016* 

South Creek near Springfield 07052120 27.2 1998-2016 

Wilson Creek near Brookline 07052152 132.1 2001-2016 

* Not a continuous record 

 
Table 2.  Summary of water quality data used to calibrate the model 

 

 

Agency             Years           Sample # 
Q range 
(m

3
/s) 

Avg. TSS 
(mg/L) 

Avg. TP 
(mg/L) 

Avg. TN 
(mg/L) 

USGS 2006 1 0.06 274 0.503 3.02 

MSU 2008-2009 30 0.05-10.61 30.3 0.058 1.75 

 
Table 3.  SWAT Model output for current conditions 

 

Sub-basin 
 

Sediment (Mg) 
 

TP (kg) 
 

TN (kg) 

Sub 1 Out (nonpoint) 

Sub 2 Out (nonpoint) 

Sub 3 Out (nonpoint) 

CWP Out (point) 

Sub 3 Out (All) 

6,662 

6,882 

21,133 

NA 

21,133 

4,416 

6,273 

17,226 (55.7%) 

13,673 (44.3%) 

30,899 

16,375 

27,380 

65,568 (15.8%) 

349,421 (84.2%) 

414,989 
 

 
 

Table 4. Comparison of model nonpoint loads and TMDL target loads
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Sub-basin 

 

TP 

Load (kg) 

TP (kg)                   TP 

Reduced           Reduced 

High Estimate       High (%) 

TP (kg)                    TP 

Reduced            Reduced 

Low Estimate         Low (%) Sub 1 Out (nonpoint) 

Sub 2 Out (nonpoint) 

Sub 3 Out (nonpoint) 

4,416 

6,273 

17,226 

971                    22.0 

1,516                  24.2 

2,372                  13.8 

679                     15.4 

1,061                   16.9 

1,659                     9.6  

Table 5. Comparison of reported TSS concentrations to model results 
 

 

Area                                      Land Use 
Average 

TSS (mg/L) 

Reported Values 

Springfield, MO
1

 

 

 

Urban, Mixed 

 

 

9.8-147 

Johnson County, KS
2

 Urban 391-661 

Midwest, USA
3

 Urban, Rural, and Mixed 112-182 

Wilsons Creek Model   

Sub-basin 1 Urban 507 

Sub-basin 2 Urban 602 

Sub-basin 3 Mixed 357 

Sub-basin 4 Mixed 999 

1. Owen et al. 2015b; Owen and Pavlowsky 2014; Hutchison 2010; 
Bowen 2004 

2. Rasmussen et al. 2008 

3. Robertson et al. 2013; Ellison et al. 2014 
 

 

Table 6.  Range in concentrations of TP, TN, and sediment for individual HRUs 
 

 

Statistic 
 

TP (mg/L)       TN (mg/L)      Sediment (mg/L) 

Min 

Mean 

Median 

Max 

0.011                 0.02                        2.5 

0.317                 1.84                        638 

0.230                 1.27                        213 

1.267                 7.81                      6,810 

 
Table 7. SWAT model output for sediment reductions from BMPs 

 
Sub-basin 

 

Sediment 

Load (Mg) 

Sediment (Mg)     Sediment 

Reduced           Reduced 

High Estimate       High (%) 

Sediment (Mg)      Sediment 

Reduced            Reduced 

Low Estimate         Low (%) 

Sub 1 Out (nonpoint) 

Sub 2 Out (nonpoint) 

Sub 3 Out (nonpoint) 

6,662 

6,882 

21,133 

2,062                  30.9 

2,416                  35.1 

4,429                  21.0 

1,442                   21.6 

1,691                   24.6 

3,099                   14.7 

 
Table 8.  SWAT model output for TP reductions from BMPs
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Sub-basin 

 

TP 

Load (kg) 

TP (kg)                     TP 

Reduced             Reduced 

High Estimate         High (%) 

TP (kg)                     TP 

Reduced             Reduced 

Low Estimate          Low (%) Sub 3 Out (nonpoint) 

Sub 3 Out (Riparian) 

Sub 3 Out (All) 

17,226 

17,226 

17,226 

2,372                    13.8 

860                       5.0 

3,232                    18.8 

1,659                     9.6 

430                       2.5 

2,089                    12.1  

Table 9.  SWAT model output for TN reductions from BMPs 
 

Sub-basin 

 

TN 

Load (kg) 

TN (kg)                  TN 

Reduced           Reduced 

High Estimate       High (%) 

TN (kg)                   TN 

Reduced            Reduced 

Low Estimate         Low (%) 

Sub 1 Out (nonpoint) 

Sub 2 Out (nonpoint) 

Sub 3 Out (nonpoint) 

16,375 

27,380 

65,568 

3,410                  20.8 

6,320                  23.1 

9,256                  14.1 

2,388                   14.6 

4,423                   16.2 

6,467                    9.9 
 

 

Table 10. Combined sediment load reduction of BMPs and riparian corridor easement 
 

 
Sub-basin 

 

Sediment 

Load (Mg) 

Sediment (Mg) 

Reduced 

High Estimate 

Sediment 

Reduced 

High (%) 

Sediment (Mg) 

Reduced 

Low Estimate 

Sediment 

Reduced 

Low (%) 

Sub 3 Out (nonpoint) 21,133 4,429 21.0 3,099 14.7 

Sub 3 Out (Riparian) 21,133 2,385 11.3 1,193 5.6 

Sub 3 Out (All) 21.133 6,814 32.3 4,292 20.3 
 

 

Table 11. Combined TP load reduction of BMPs and riparian corridor easement
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Figure 1.  Location of HUC 12 watersheds Headwaters Wilsons Creek and Wilsons Creek near Springfield, Missouri 
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Figure 2.  Sub-basins 1-4 used to calibrate the model. 
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Figure 3. Model results for sediment concentrations from individual HRUs 
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Figure 4. Model results for TP concentrations from individual HRUs. 
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Figure 5. Model results for TN concentrations from individual HRUs. 
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APPENDIX A 
 

 
 

Class\ Value 
 

Classification Description 

Water  

11 Open Water - areas of open water, generally with less 
than 25% cover of vegetation or soil. 

12 Perennial Ice/Snow - areas characterized by a 
perennial cover of ice and/or snow, generally greater 
than 25% of total cover. 

Developed  

21 Developed, Open Space - areas with a mixture of 

some constructed materials, but mostly vegetation in 
the form of lawn grasses. Impervious surfaces account 
for less than 20% of total cover. These areas most 

commonly include large-lot single-family housing units, 
parks, golf courses, and vegetation planted in developed 
settings for recreation, erosion control, or aesthetic 
purposes. 

22 Developed, Low Intensity - areas with a mixture of 
constructed materials and vegetation. Impervious 
surfaces account for 20% to 49% percent of total cover. 
These areas most commonly include single-family 
housing units. 

23 Developed, Medium Intensity – areas with a mixture 
of constructed materials and vegetation. Impervious 
surfaces account for 50% to 79% of the total cover. 
These areas most commonly include single-family 
housing units. 

24 Developed High Intensity -highly developed areas 

where people reside or work in high numbers. Examples 

include apartment complexes, row houses and 
commercial/industrial. Impervious surfaces account for 
80% to 100% of the total cover. 

Barren  

31 Barren Land (Rock/Sand/Clay) - areas of bedrock, 
desert pavement, scarps, talus, slides, volcanic material, 
glacial debris, sand dunes, strip mines, gravel pits and 
other accumulations of earthen material. Generally, 
vegetation accounts for less than 15% of total cover. 

Forest  

41 Deciduous Forest - areas dominated by trees 
generally greater than 5 meters tall, and greater than 
20% of total vegetation cover. More than 75% of the 
tree species shed foliage simultaneously in response to 
seasonal change. 

42 Evergreen Forest - areas dominated by trees generally 
greater than 5 meters tall, and greater than 20% of 
total vegetation cover. More than 75% of the tree 
species maintain their leaves all year. Canopy is never 
without green foliage. 

43 Mixed Forest - areas dominated by trees generally 
greater than 5 meters tall, and greater than 20% of 
total vegetation cover. Neither deciduous nor evergreen 
species are greater than 75% of total tree cover. 
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Shrubland  

51 Dwarf Scrub - Alaska only areas dominated by shrubs 
less than 20 centimeters tall with shrub canopy typically 
greater than 20% of total vegetation. This type is often 
co-associated with grasses, sedges, herbs, and non- 
vascular vegetation. 

52 Shrub/Scrub - areas dominated by shrubs; less than 5 
meters tall with shrub canopy typically greater than 
20% of total vegetation. This class includes true shrubs, 
young trees in an early successional stage or trees 
stunted from environmental conditions. 

Herbaceous  

71 Grassland/Herbaceous - areas dominated by 
gramanoid or herbaceous vegetation, generally greater 
than 80% of total vegetation. These areas are not 
subject to intensive management such as tilling, but can 

be utilized for grazing. 

72 Sedge/Herbaceous - Alaska only areas dominated by 
sedges and forbs, generally greater than 80% of total 
vegetation. This type can occur with significant other 
grasses or other grass like plants, and includes sedge 

tundra, and sedge tussock tundra. 

73 Lichens - Alaska only areas dominated by fruticose or 
foliose lichens generally greater than 80% of total 
vegetation. 

74 Moss - Alaska only areas dominated by mosses, 
generally greater than 80% of total vegetation. 

Planted/Cultivated  

81 Pasture/Hay – areas of grasses, legumes, or grass- 
legume mixtures planted for livestock grazing or the 

production of seed or hay crops, typically on a perennial 
cycle. Pasture/hay vegetation accounts for greater than 

20% of total vegetation. 

82 Cultivated Crops – areas used for the production of 

annual crops, such as corn, soybeans, vegetables, 
tobacco, and cotton, and also perennial woody crops 
such as orchards and vineyards. Crop vegetation 
accounts for greater than 20% of total vegetation. This 
class also includes all land being actively tilled. 

Wetlands  

90 Woody Wetlands - areas where forest or shrubland 
vegetation accounts for greater than 20% of vegetative 
cover and the soil or substrate is periodically saturated 
with or covered with water. 

 
95 

Emergent Herbaceous Wetlands - Areas where 

perennial herbaceous vegetation accounts for greater 
than 80% of vegetative cover and the soil or substrate 
is periodically saturated with or covered with water 
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APPENDIX B 
 
Description of input parameters selected for flow calibration. 

Parameters Description  Station1   Station2   Station3  

   
Best Value 

 
Min Value 

 
Max Value 

Best 

Value 
 
Min Value 

Max 

Value 

Best 

Value 

Min 

Value 
 
Max Value 

Flow Calibration    

CN2.mgt Cu rve Nu mb e r -4.8 -5.0 5.0 -0.3 -5.0 0.0 -3.7 -5.0 -2.0 

 
ALPHA_BF.gw 

Ba s e fl o w a l p h a 

fa cto r 
 

1.0 
 

0.5 
 

1.0 
 

0.6 
 

0.3 
 

0.8 
 

0.9 
 

0.6 
 

1.0 

 
GW_DELAY.gw 

 
Gro u n d wa te r d e l a y 

 
71.0 

 
10.0 

 
90.0 

 
54.6 

 
33.5 

 
80.4 

 
-4.9 

 
-18.6 

 
42.1 

 

 
GWQMN.gw 

Tre s h o l d d e p th o f 

wa te r i n th e 

s h a l l o w a q u i fe r 

 

 
4642.0 

 

 
3000.0 

 

 
5000.0 

 

 
3337.0 

 

 
2830.8 

 

 
4277.2 

 

 
2206.2 

 

 
1830.9 

 

 
3257.8 

 
GW_REVAP.gw 

Gro u n d wa te r 

"re va p " co e ffi ci e n t 
 

0.2 

 
0.1 

 
0.2 

 
0.2 

 
0.1 

 
0.2 

 
0.2 

 
0.2 

 
0.2 

 

 
RCHRG_DP.gw 

De e p a q u i fe r 

p e rco l a ti o n 

fra cti o n 

 

 
1.0 

 

 
0.7 

 

 
1.0 

 

 
0.7 

 

 
0.7 

 

 
0.9 

 

 
0.8 

 

 
0.8 

 

 
0.9 

 

 
SOL_K.s o l 

Sa tu ra te d 

h yd ra u l i c 

co n d u cti vi ty 

 

 
0.2 

 

 
-2.0 

 

 
2.0 

 

 
-3.0 

 

 
-4.0 

 

 
0.0 

 

 
-5.5 

 

 
-6.7 

 

 
-2.8 

 

 
SOL_AWC.s o l 

Ava i l a b l e wa te r 

ca p a ci ty o f th e s o i l 

l a ye r 

 

 
0.1 

 

 
0.0 

 

 
0.2 

 

 
0.0 

 

 
-0.1 

 

 
1.0 

 

 
-0.1 

 

 
-0.2 

 

 
0.0 

 
SOL_CRK.s o l 

Cra ck vo l u me 

p o te n ti a l o f s o i l 
 

0.0 
 

0.0 
 

0.5 
 

0.9 
 

0.5 
 

1.0 
 

0.8 
 

0.6 
 

0.8 

 
 

 
CH_K2.rte 

Effe cti ve h yd ra u l i c 

co n d u cti vi ty i n 

ma i n ch a n n e l 

a l l u vi u m 

 
 

 
75.0 

 
 

 
0.0 

 
 

 
200.0 

 
 

 
300.0 

 
 

 
150.0 

 
 

 
350.0 

 
 

 
11.7 

 
 

 
0.0 

 
 

 
185.4 

 
EVRCH.b s n 

Re a ch e va p o ra ti o n 

a d ju s tme n t fa cto r 
 

0.7 

 
0.5 

 
1.0 

 
0.7 

 
0.5 

 
1.0 

 
0.7 

 
0.5 

 
1.0 

 
 

 
TRNSRCH.b s n 

Fra cti o n o f 

tra n s mi s s i o n 

l o s s e s fro m ma i n 

ch a n n e l 

 
 

 
1.0 

 
 

 
0.5 

 
 

 
1.0 

 
 

 
1.0 

 
 

 
0.5 

 
 

 
1.0 

 
 

 
1.0 

 
 

 
0.5 

 
 

 
1.0 

 
SURLAG.b s n 

Su rfa ce ru n o ff l a g 

ti me 
 

3.5 
 

0.1 
 

5.0 
 

3.5 
 

0.1 
 

5.0 
 

3.5 
 

0.1 
 

5.0 

 

 
ESCO.b s n 

So i l e va p o ra ti o n 

co mp e n s a ti o n 

fa cto r 

 

 
0.7 

 

 
0.6 

 

 
1.0 

 

 
0.7 

 

 
0.6 

 

 
1.0 

 

 
0.7 

 

 
0.6 

 

 
1.0 

 
SMTMP.b s n 

Sn o w me l t b a s e 

te mp e ra tu re 
 

-4.2 
 

-5.0 
 

5.0 
 

-4.2 
 

-5.0 
 

5.0 
 

-4.2 
 

-5.0 
 

5.0 

 
SFTMP.b s n 

Sn o wfa l l 

te mp e ra tu re 
 

1.2 
 

-5.0 
 

5.0 
 

1.2 
 

-5.0 
 

5.0 
 

1.2 
 

-5.0 
 

5.0 
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Description of input parameters selected for sediment calibration. 
Parameters Description  Station1   Station2   Station3  

  Best Value Min Value Max Value Best Value Min Value Max Value Best Value Min Value Max Value 

Sediment Calibration          
 

 
USLE_P.mg 

 

USLE e qua ti on 

s upport 

 

 
0.5 

 

 
0.3 

 

 
0.8 

 

 
0.5 

 

 
0.5 

 

 
1.0 

 

 
0.5 

 

 
0.3 

 

 
0.8 

 
USLE_K.s ol 

USLE e qua ti on s oi l 

e rodi bi l i ty 
 

-0.9 

 
-1.0 

 
0.0 

 
-0.1 

 
-0.5 

 
0.5 

 
-0.9 

 
-1.0 

 
0.0 

 
HRU_SLP.hr 

Ave ra ge s l ope 

s te e pne s s 
 

1.4 

 
1.0 

 
1.5 

 
-0.8 

 
-1.5 

 
1.5 

 
1.4 

 
1.0 

 
1.5 

 

 
SPEXP.bs n 

Expone nti a l fa ctor 

for cha nne l 

s e di me nt routi ng 

 

 
1.2 

 

 
1.0 

 

 
1.3 

 

 
1.4 

 

 
1.0 

 

 
1.5 

 

 
1.2 

 

 
1.0 

 

 
1.3 

 
 
SPCON.bs n 

Li ne a r fa ctor for 

cha nne l s e di me nt 

routi ng 

 
 

0.0 

 
 

0.0 

 
 

0.0 

 
 

0.0 

 
 

0.0 

 
 

0.0 

 
 

0.0 

 
 

0.0 

 
 

0.0 
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Description of input parameters selected for sediment and nutrients calibration. 
Parameters Description  Station1   Station2   Station3  

  Best Value Min Value Max Value Best Value Min Value Max Value Best Value Min Value Max Value 

Nutrient Calibration          

 
EROROGP.hru 

Orga ni c P e nri chme nt 

ra ti o 
 

2.7 

 
0.0 

 
5.0 

 
1.2 

 
0.0 

 
5.0 

 
2.7 

 
0.0 

 
5.0 

 

 
 
BC4.s wq 

Ra te cons ta nt for 

orga ni c P 

mi ne ra l i za ti on a t 200C 

 

 
 

0.5 

 

 
 

0.0 

 

 
 

0.7 

 

 
 

0.5 

 

 
 

0.0 

 

 
 

0.7 

 

 
 

0.5 

 

 
 

0.0 

 

 
 

0.7 

 
RS5.s wq 

Se ttl i ng ra te for 

orga ni c P a t 20 oC 
 

0.0 

 
0.0 

 
0.1 

 
0.1 

 
0.0 

 
0.1 

 
0.0 

 
0.0 

 
0.1 

 
ERORGN.hru 

Orga ni c N e nri chme nt 

ra ti o 
 

6.0 

 
3.6 

 
6.1 

 
0.9 

 
0.0 

 
5.0 

 
6.0 

 
3.6 

 
6.1 

 
 
SHALLT_N.gw 

Conce ntra ti on of 

ni tra te i n 

groundwa te r. 

 
 

618.5 

 
 

439.9 

 
 

757.1 

 
 

805.0 

 
 

0.0 

 
 

1000.0 

 
 

618.5 

 
 

439.9 

 
 

757.1 

 
HLI FE_NGW.gw 

Ha l f-l i fe of ni tra te i n 

the s ha l l ow a qui fe r 

 
0.9 

 
0.0 

 
51.7 

 
48.2 

 
0.0 

 
200.0 

 
0.9 

 
0.0 

 
51.7 

 
NPERCO.bs n 

Ni troge n pe rcol a ti on 

coe ffi ci e nt 
 

0.0 

 
0.0 

 
0.3 

 
0.0 

 
0.0 

 
0.3 

 
0.0 

 
0.0 

 
0.3 

 
 
CDN.bs n 

De ni tri fi ca ti on 

e xpone nti a l ra te 

coe ffi ci e nt 

 
 

3.0 

 
 

2.0 

 
 

3.0 

 
 

3.0 

 
 

2.0 

 
 

3.0 

 
 

3.0 

 
 

2.0 

 
 

3.0 

 
 
SDNCO.bs n 

De ni tri fi ca ti on 

thre s hol d wa te r 

conte nt 

 
 

0.6 

 
 

0.4 

 
 

0.7 

 
 

0.6 

 
 

0.4 

 
 

0.7 

 
 

0.6 

 
 

0.4 

 
 

0.7 

 
HLI FE_NGW.bs n 

Ha l f-l i fe of ni troge n 

i n groundwa te r 
 

598.5 
 

352.8 
 

664.2 
 

598.5 
 

352.8 
 

664.2 
 

598.5 
 

352.8 
 

664.2 
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INTRODUCTION  
  

The James River Basin of southwest Missouri is listed on the state’s 303(d) list as being impaired by nutrients 

from multiple point and nonpoint sources (MDNR, 2001).  In 2001, a Total Maximum Daily Load (TMDL) 

was developed for the James River that set nutrient limits and targets for both wastewater treatment 

facilities and urban nonpoint land use (MDNR, 2001).  The  

TMDL set in-stream eutrophication threshold target concentrations for total phosphorus (TP) at 0.075 mg/L 

and total nitrogen (TN) at 1.5 mg/L.  Efforts to control point sources through improved tertiary treatment 

have reduced nutrient concentrations in the Lower James River between 60%-70% (MDNR, 2004).  

However, nutrient concentrations still remain high in streams draining urban areas within the Middle James 

River Watershed (Petersen et al. 1998; Richards and Johnson 2002; Miller 2006; MEC 2007; Hutchinson 

2010).  Therefore, nonpoint sources of pollution sources must be addressed in order to meet water quality 

goals set forth in the TMDL.    

  

The James River Basin Partnership has started the process of updating the watershed management plan 

for the Wilson Creek-James River watershed.  As part of this effort, the Ozarks Environmental and Water 

Resources Institute  at Missouri State University is developing a Soil and Water Assessment Tool (SWAT) 

model for the Wilson Creek-James River watershed to identify pollution sources and to provide load 

reduction analysis.  The Wilson Creek-James River watershed is affected by sediment and nutrient inputs 

from urban and agricultural nonpoint sources and point sources including wastewater treatment plants 

and other permitted discharges.  By developing this model, watershed managers can better plan, locate, 

and budget for best management practices (BMPs) within the Wilson Creek-James River watershed that 

will reduce nonpoint pollution to the river.  The overall objectives for this project are to complete load 

reduction analysis to include the following:  

   

1) Calibrate a SWAT model to evaluate water quality using the climate, hydrologic, land use within 

Middle James River Watershed;  

  

2) Quantify load contributions of nutrients (nitrogen, phosphorus) and suspended sediment;  

  

3) Identify and prioritize load contributions from sub-watersheds and to evaluate the relative 

importance of managing them; and  

  

4) Evaluate the effectiveness of alternative BMPs at reducing pollutant loads from the Middle James 

River watershed.  

  

  

The full analysis will be completed by May 2016. However, the present report provides the status of 

modeling results to date with three objectives:  
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1) Develop four SWAT models for watershed areas upstream of the following gaging stations:  

a) James River near Boaz , b) James River near Boaz below the Springfield Lake dam, c) Wilson Creek 

near Brookline, and d) Wilson Creek at Springfield to predict stream flows and water quality loads for 

total phosphorus (TP), total nitrogen (TN) and suspended sediment;   

  

2) Use preliminary results to identify and prioritize critical sub-watersheds and to evaluate their relative 

importance for management; and  

    

3) Evaluate modeling progress to date and plan final modeling tasks.  

  

SWAT Model Description   

  

The SWAT model is a widely used, physically based, GIS watershed model developed by U.S. Department 

of Agriculture – Agriculture Research Service (USDA-ARS) (Arnold et al., 2005). It functions on a continuous 

time step with input options for hydrology, nutrients, erosion, land management, main channel processes, 

water bodies, and climate data.  The SWAT model predicts the influence of land management practices on 

constituent yields from a watershed.  The model includes agricultural components such as fertilizer, crops, 

tillage options, and grazing and has the capability to include point source loads (Neitsch et al., 2002a; 

Neitsch et al., 2002b).  

    

In SWAT, there are two separate components of simulation of hydrology of a watershed. These are: the 

land phase of the hydrologic cycle that controls the amount of water, sediment, nutrient, and pesticide 

loadings to the reach in each subwatershed; and the routing phase of the hydrologic cycle that moves the 

water, sediment, nutrients, and pesticides through the stream network to the watershed outlet.  The land 

phase of the hydrologic cycle is based on a water balance equation that keeps track of daily soil water 

content, precipitation, surface runoff, evapotranspiration, water entering the vadose zone, and return flow. 

The routing phase of hydrologic cycle is based on either the variable storage coefficient method developed 

by Williams (1969) or the  

Muskingum routing method.  The routing phase simulates evaporation and transmission losses in the 

channel, water diversions, and addition of water from point source discharges.  

  

While the SWAT model provides algorithms for calculating different watershed constituent dynamics, the 

ability of the SWAT model to depict hydrologic and pollutant transport processes in a particular watershed 

is partially dependent on the quality of input data. Input data that describe the physical structure of a 

watershed are generally incorporated into the model using the ArcSWAT interface.  ArcSWAT is an ArcGIS 

interface version of the SWAT model.   
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Mandatory GIS input files for ArcSWAT include the Digital Elevation Map (DEM), land use, and soil layers 

(DiLuzio et al., 2001).  Other data that are not in GIS format are optional.  Such additional data might include 

spatial referenced fertilizer data, animal production data, land management data, and point source data.      

    

Inputs entered into the SWAT model are organized by spatial characteristics.  The SWAT model provides 

three hierarchical spatial units: with the watershed divided into several subbasins that are further divided 

into small hydrologic response units.  Each level is characterized by a parameter set and input data.  The 

largest spatial level, the watershed, refers to the entire area being represented by the model.  The 

subbasins refer to subdivisions of the watershed that are connected by discharge and mass transport.  

Subbasins are then subdivided into HRUs.  HRUs are areas within a subbasin that have similar soil and land 

use combinations.  Both subbasins and HRUs are user defined, providing model users with some control 

over the resolution considered in the SWAT model (Neitsch et al., 2002a).   

   

Although the SWAT model simulates on a daily time step, the model has options for the output that allow 

the user to define the output time step (daily, monthly, or annual).  Output variables include flow volume, 

nutrient yields, sediment yield, and plant biomass yields.  These variables are provided on the subbasin or 

HRU spatial level depending on the output time step selected.  The output files generated by the SWAT 

model are created in text and database file formats. In this project, ArcSWAT version 2012 is used which 

was built for ArcMap 10.2. Figure 1 shows the SWAT model components including input, output, the spatial 

datasets, and GIS parts and summarizes its methodology.  

  

  

STUDY AREA  
  

The James River basin (3,768 km2) drains portions of Webster, Greene, Christian, Douglas, Taney, Stone, 

and Barry counties in southwest Missouri and flows into Table Rock Lake located on the White River in 

Stone County (Figure 2).  The James River basin is a mixed-use watershed with urban, agriculture, and forest 

land use within its drainage area (MEC, 2007).  The main channel of the James River is approximately 157 

km long and the major tributaries are Wilson Creek, Finley Creek, Crane Creek, and Flat Creek.  According 

to the National Hydrologic  

Dataset (NHD) created by the United States Geological Survey (USGS), the James River Basin  

(HUC#11010002) consists of six HUC 10 watersheds.  These watershed are the Headwaters  

James River (697 km2), Wilsons Creek-James River (522 km2), Finley Creek (699 km2), Crane Creek -James 

River (769 km2), Flat Creek (844 km2), and Table Rock Lake-James River (237 km2).    
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The focus of this study is the Wilsons Creek-James River watershed (HUC#1101000203), which drains the 

majority of the City of Springfield in Greene County (Figure 3).  The City of Springfield’s Southwest Clean 

Water Plant (SCWP) is located along Wilson Creek southwest of the city.  Overall land use within the 

watershed is about 40% hay/pasture and about 40% developed land of various densities, with medium 

density being the highest percentage (Table 1).  There are a total of five active USGS gaging stations in the 

Wilsons Creek-James River watershed, however only three were used in the modeling process.  These gages 

are James River near Boaz, MO (#07052250), Wilson Creek near Brookline, MO (#07052152), and Wilson 

Creek at Springfield, MO (#07052000) (Table 2).  The gaging station located at Boaz is the furthest 

downstream near the watershed outlet.  The Wilson Creek near Brookline gage is located immediately 

downstream of the SCWP outfall.          

  

  

METHODS  

  

Data Sources  

  

Required data for input files needed for the SWAT model include the digital elevation model (DEM), land 

cover, soils, and weather data. National Elevation Dataset (NED) at 10 m resolution was obtained from the 

Missouri Spatial Data Information Service  

(http://msdis.missouri.edu/data/10mDEM/). Digital elevation dataset was used for automatic delineation 

of watershed boundaries and channel networks. Land use and land cover (2011) file was obtained Natural 

Resources Conservation Service (NRCS), United States Department of Agriculture 

(http://www.mrlc.gov/nlcd11_data.php). The land uses in this watershed were classified into fourteen land 

use categories with descriptions summarized in Appendix A (Table  

1).  The soil data was obtained from Natural Resources Conservation Service (NRCS), United  

States Department of Agriculture for Greene, Christian, Webster and Stone Counties 

(http://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils).  Weather data including precipitation and 

temperature (minimum and maximum) were collected from the National Climate Data Center (NCDC) 

website (https://www.ncdc.noaa.gov/cdo-web) for the National Weather Service station at the Springfield 

Regional Airport from 2003 to 2014.   

  

There were a total of 239 water quality samples from the USGS and OEWRI used to calibrate the four 

models created for this project.  A total of 70 water quality samples were used at the James River near Boaz 

gage, 109 at the Wilson Creek near Brookline gage, and 60 at the Wilson Creek at Springfield gage.  A total 

of 149 water quality samples were from the USGS and 90 from OEWRI.  Of the USGS samples, 40 were 

collected at the Boaz gage and 109 from the Brookline gage.  The 90 OEWRI water quality data samples 

http://msdis.missouri.edu/data/10mDEM/
http://msdis.missouri.edu/data/10mDEM/
http://msdis.missouri.edu/data/10mDEM/
http://www.mrlc.gov/nlcd11_data.php
http://www.mrlc.gov/nlcd11_data.php
http://www.mrlc.gov/nlcd11_data.php
http://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils
http://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils
http://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils
https://www.ncdc.noaa.gov/cdo-web
https://www.ncdc.noaa.gov/cdo-web
https://www.ncdc.noaa.gov/cdo-web
https://www.ncdc.noaa.gov/cdo-web
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were collected for two master’s thesis projects, 60 from Hutchison (2010) and 30 from Miller (2006).  

Hutchison collected 30 from the James River Boaz gage and 30 from the Wilson Creek at Springfield gage 

in 20082009.  Miller collected 30 samples at the Wilson Creek at Springfield gage in 2004-2005.       

  

SWAT Model Procedures    

  

There were a total of four models created for this project using the three selected USGS gaging stations as 

outlets and for model calibration and validation.  Two models were created upstream of the Boaz gage.  

One is a large overall model that includes the entire watershed upstream of the Boaz gage.  Another model 

was created upstream of Boaz that did not include the watershed area above the Springfield Lake dam and 

only simulates the loads coming from land areas in Wilsons Creek-James River HUC10 watershed.  By 

calculating the difference in the loads derived from the two models, the percentage of the total load at the 

outlet of the watershed could be allocated to pollutions sources coming from above and below Springfield 

Lake dam.  Two models were also created in the Wilson Creek watershed.  One model used the Wilson 

Creek near Brookline gage as an outlet and the other used the Wilson Creek at Springfield gage for the 

outlet.   

  

Discharge, total phosphorus (TP), total nitrogen (TN) and suspended sediment was calibrated from 2006-

2010 and validated from 2011-2014 at all three USGS gaging stations.  Coefficient of determination (R2) 

from regression analysis was used to verify the accuracy of model calibration and validation (Figure 4).  The 

R2 value is an indicator of strength of the relationship between the observed and simulated values.  Model 

performance for calibration and validation indicates that the SWAT model estimations are acceptable with 

the range of R2 values between 0.82-0.95 for calibration and 0.78-0.90 for validation at the three gaging 

stations (Table 3).  For example, the R2 values are 0.95 for calibration and 0.90 for validation at Boaz gaging 

station which results in monthly average discharge estimates that correlate strongly with the observed data 

(Figures 5 and 6).  The performance of the models created for this project for predicting discharge at the 

specified gaging stations are well within the range of published SWAT model performance where R2 values 

were reported to range from 0.41 to 0.98 (White and Chaubey 2005).   

PRELIMINARY RESULTS  
  

Model results show the majority of the TP load at Boaz is originating from the land area below the 

Springfield Lake dam which includes the SCWP, but the majority of TN and sediment is originating the 

watershed area upstream of the dam.  The average annual load for at the James River near Boaz is 54 Mg/yr 

TP, 1,038 Mg/yr TN and 109,910 Mg/yr of sediment (Table 4).   

The average annual loads at Boaz for the James River below the Springfield Lake dam are 34 Mg/yr TP, 458 

Mg/yr TN and 28,000 Mg/yr of sediment.  By subtracting the loads from these two models, the estimated 
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load from the watershed area above the dam is 20 Mg/yr TP, 580 Mg/yr TN, and 81,910 Mg/yr of sediment.  

Therefore, 37% of the TP, 55% of the TN, and 75% of the sediment load at Boaz is coming from the 

watershed area above Springfield Lake dam (Table 5).  The majority of the TP load (63%) at Boaz is coming 

from the watershed area below the dam, which includes Wilson Creek and the SCWP.     

Results for the model of the James River that does not include the area above the lake show the majority 

of the TP load is coming from the watershed above the Wilson Creek at Brookline gage, but the majority of 

TN and sediment is originating from the other areas of the watershed.   The average annual load for the 

Wilson Creek near Brookline, which includes the SCWP, is 24 Mg/yr TP, 76 Mg/yr TN and 1,710 Mg/yr of 

sediment (Table 4).  Therefore, of the total load at  

Boaz from watershed areas below the Springfield Lake dam, 71% of the TP, 16% of the TN, and  

7% of the sediment is originating from the watershed area above the Brookline gage at Wilson Creek (Table 

6).  Again, the SCWP is located just upstream of the Brookline gage on Wilson Creek, but also has a large 

percentage of higher density urban land use.                     

  

Wilson Creek near Brookline gage model results show the majority of the TP and TN load is coming from 

nonpoint sources.  The average annual load for the Wilson Creek at Springfield gage is 3.9 Mg/yr TP, 37 

Mg/yr TN and 485 Mg/yr of sediment (Table 4).  When factoring in the load from the SCWP, 51% of the TP 

load and 58% of the TN load at the Brookline gage is coming from nonpoint source pollution (Table 7).  

When looking at just the nonpoint source pollution in the watershed above the Brookline gage, the majority 

of the TP and sediment load is coming from land area below the gage at Wilson Creek at Springfield.  

However, the majority of the TN load is coming from the watershed area above the gage at Springfield.  

CONCLUSION  
  

A total of four water quality models that estimate annual loads of TP, TN, and sediment were created for 

the James River above the USGS gage near Boaz, MO.  Results of these models can be used to help identify 

pollution sources and focus load reduction efforts needed to meet water quality criteria set forth in the 

TMDL.  Preliminary results show 63% of the TP load in the watershed is coming from the land draining to 

the James River below the Springfield Lake dam, which includes Wilson Creek and the SCWP.  However, 

55% of the TN load and 75% of the sediment load is originating from the watershed upstream of Springfield 

Lake.  Looking at just the watershed area above Boaz that is downstream of the dam shows 71% of the TP 

load is coming from the watershed area upstream of the Wilson Creek gage near Brookline, which includes 

the SCWP.  In contrast 84% of the TN load and 93% of the sediment load is coming from other areas on the 

James River below the dam and the lower Wilson Creek watershed.  Model analysis of the Wilson Creek 

near Brookline shows <50% of the TP and TN load is coming from the SCWP.  This means >50% of the 

nutrient loads from above the Brookline gage are coming from nonpoint sources of pollution.           
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TABLES  
  

Table 1. Land use distribution in the Middle James River Basin.  

2011 Land Cover(*)  
Percent  of the   

Watershed  

Hay/Pasture  40.99  

Developed-Medium Intensity  15.98  

Deciduous-Forest  15.23  

Developed-High Intensity  9.95  

Developed- Low Intensity  9.47  

Developed-Open Space  4.17  

Mixed-Forest  0.91  

Shrub/Scrub  0.76  

Cultivated Crops  0.62  

Woody-Wetlands  0.57  

Evergreen-Forest  0.47  

Barren Land  0.43  

Grass Land /Herbaceous  0.39  

Water  0.09  
* See appendix for land use description  

  

  

Table 2. USGS gaging stations in the Wilsons Creek-James River watershed.  

USGS Station Name  
USGS  

Station #  
Drainage 

Area (km2)  
Years of 

Operation  

James River near Boaz, MO  07052250  1,197  1972-2015*  

Wilson Creek near Brookline, MO  07052152  132  2001-2015  

Wilson Creek at Springfield, MO  07052000  46.1  1932-2015*  

* Not a continuous record   
 

 

  

  

Table 3. Model performance for calibration and validation of discharge.  
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Station Name  
Calibration  

R2  

Validation  

R2  

James River near Boaz, MO  0.95  0.90  

Wilson Creek near Brookline, MO  0.82  0.78  

Wilson Creek at Springfield, MO  0.89  0.80  

  

   

Table 4.  SWAT model results.  

Model  Watershed  
Drainage 

Area (km2)  
TP  

Load (M 

TN  

g/yr)  

Sediment  

Yiel 

TP  

d (Mg/km2/yr)  

TN  Sediment  

1  James River near Boaz  1,190  54  1,038  109,910  0.045  0.90  92.4  

2  
James River near Boaz below 

Springfield Lake dam  
509  34  458  28,000  0.066  0.80  53.6  

3  Wilson Creek near Brookline  117  24  76  1,710  0.205  0.64  14.6  

4  Wilson Creek at Springfield  51  3.9  37  485  0.076  0.70  10.0  

  

Table 5.  Percentage of TP, TN, and sediment loads for James River near Boaz gage.  

Watershed  TP %  TN %  Sediment %  

James River near Boaz  100  100  100  

Headwaters James River  37  55  75  

James River near Boaz below 

Springfield Lake dam  
63  45  25  

  

 

 

 

 

 

 

  

Table 6. Percentage of TP, TN, and sediment loads for James River near Boaz gage.  
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Watershed  TP %  TN %  Sediment %  

James River near Boaz below 

Springfield Lake dam  
100  100  100  

Wilson Creek near Brookline  71  16  7  

Lower Wilson-James River 

below Springfield Lake dam  29  84  93  

  

  

Table 7. Percentage of TP, TN, and sediment loads for James River near Boaz gage.  

Watershed  TP %  TN %  Sediment %  

Wilson Creek near Brookline  100  100  100  

SCWP  49  42  NA  

Wilson Creek at Springfield  16  48  28  

Between SCWP and   
Wilson Creek at Springfield  

35  10  72  
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FIGURES 

 

  

  

  

  

  

Figure 1.  SWAT model components and methodology.  
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Figure 2.  Map of the James River Basin.  
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Figure 3.  Map of Wilson Creek-James River watershed.  
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Validation (2011-2014)  

 

Observed Flow (m3/s)  

  

  

Figure 4: Simulated versus observed daily flows at the Middle James River Watershed.   

  

  

  

  



James River Basin 

  

43  

  

 

  

3000 

 

Month  

  Observed  Simulated 

  

Figure 5. Simulated versus observed monthly flow at the Middle James River Watershed (20062010) during 

calibration.   
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Figure 6: Simulated versus observed monthly flow at the Middle James River Watershed during calibration 

and validation. 
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