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Eleven watersheds that drain the city of Emporia were investigated to determine 

relationships between land use and urban runoff water quality. Discharge, conductivity, and pH of 

dry-weather flow were monitored in each watershed from February through July of 1997. Samples 

from June and JUly were analyzed for major nutrients and composited for analysis of major ions 

and selected metals. The eleven watersheds were mapped and dMded into inner, middle, and 

outer zones based upon distance from the main drainage channels. Land uses and soils in each 

watershed were mapped. Five data sets for land use and soil coverage were generated by 

applying five sets of distance-weighting factors to the watershed zones. Each set of land use and 

soil data was correlated with water quality variables and the five resulting sets of correlation 

coefficients were compared. The strongest correlations were generally obtained with either the 

land use data set that gave equal weight to all areas of each watershed or the land use data set 

that gave weight to the inner zones only. Correlations with concentrations were generally stronger 

than correlations with rates of loading, and correlations with soil classes were generally weaker 

than correlations with land use variables. Major ion concentrations had few strong correlations with 

land use variables but were found to be higher in urbanized areas. pH was lower in urbanized 

areas, and nitrate concentrations were clearly higher in urbanized areas. Phosphate, potassium, 

and iron concentrations were linked to vegetated and industrial land uses, and zinc concentrations 

correlated strongly with railroad land uses. Models of water quality in dry-weather runoff were 

formulated by regression analysis of constituent concentrations as functions of eight selected 

watershed variables. Models from the U.S. Geological Survey were used to estimate mean 
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concentrations and total loads of several pollutants in storm runoff for watersheds which drain into 

the Neosho River and the Cottonwood River, and the estimates were used to model pollutant 

concentrations in the receiving rivers. Concentrations of nitrate, phosphate, ammonia, copper, and 

zinc exceeded statutory or suggested water-quality standards in some samples or estimates. A 

water quality problem at one sampling site was recognized by the consistent absence of 

macroscopic life. 
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Chapter 1: Introduction 

Research projects during the past two decades have firmly concluded that urban 

stormwater runoff is a major source of surface water quality problems in the United States. Non­

point source pollution in urban runoff contributes over 100 different contaminants to receMng 

waters at sites in the U.S. (EPA, 1983). In the 1994 Report to Congress, the United States 

Environmental Protection Agency identified urban runoff as the fourth most important of eight 

principal causes of water quality problems in streams and the third most important cause of 

problems in lakes (EPA, 1994). The study of the relationships between water quality in urban 

runoff and the characteristics of urban watersheds will help to establish a basis for prediction of 

water quality and management of urban watersheds. 

The quality of stormwater runoff from the city of Emporia has not been studied previously. 

Emporia hosts industrial and commercial enterprises and extensive residential areas that may 

contribute to water quality problems in runoff. Watersheds which drain the city of Emporia also 

include large tracts of agricultural land, vegetated land, and other land uses. The stormwater 

sewer system is separate from the sanitary sewer system and delivers runoff into small lakes and 

two rivers that support wildlife, recreation, wildlife harvesting, and other uses downstream. 

The primary objectives of this stUdy were to monitor runoff from the principal watersheds of 

Emporia over an extended period of time, to determine the concentrations of major ions in runoff 

from the principal watersheds during average or repetitive conditions, to analyze the principal land 

uses for the watersheds, and to describe major ion concentrations and water quality as functions of 

land use in each watershed. As secondary objectives, this study was designed to detect the 

occurrence of water quality problems in runoff from Emporia, to estimate chemical loading on 

receMng waters, and to assess possible negative effects upon receMng waters. 

This study focused on eleven watersheds which drain most of the city of Emporia. An 

accessible sampling site was established for each watershed near the limits of urbanization, and 

the pH, conductivity, and discharge were measured at each site bimonthly from February through 
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June. Field notes were taken at each site to record odors, color of water, macroscopic life, and 

other conditions on each sampling day. Samples from two dates in June and July were analyzed 

for ammonia, nitrate, and phosphate. A composite sample for each watershed was created by 

combining portions of samples which were collected through June and July. The composite 

samples were analyzed to determine the concentrations of all major ions and selected metals. 

Watershed boundaries were drawn to include all areas which contribute to surface runoff 

at each sampling point. Land uses and soils in the study area were classified, mapped, and 

digitized to determine the area covered by each class in each zone of each watershed. 

Watersheds were divided into inner, middle, and outer zones to allow watershed areas to be 

weighted according to distance from main drainage channels. Sets of distance-weighting factors 

were applied to the watershed zones, and, for each set, the areas covered by each soil and land 

use class in each watershed were calculated and expressed as area in units of square kilometers 

and as percent of the total watershed area. 

Water quality constituent concentrations for each watershed were correlated with the 

watershed variables as calculated with each set of distance-weighting factors. The coefficients of 

correlation were used to interpret relationships between water quality constituents and land use. 

Land use variables that produced strong correlations were selected as independent variables in 

regression analyses of water quality constituent concentrations. Regression equations are reported 

as models for prediction of dry-weather concentrations of major ions as functions of land use. 

As a final component of the study, a numerical model pUblished by the U.S. Geological 

Survey was used to estimate concentrations and loads of additional water quality constituents in 

storm runoff as functions of land use and rainfall. Watershed boundaries were drawn to include all 

points above the confluence of each drainage channel with the receMng river. Estimates were 

calculated for all watersheds which drain the city of Emporia into the Neosho River and Cottonwood 

River. Concentrations in both rivers were estimated as functions of rainfall and river discharge. All 

calculations were made with assumptions that gave high estimates of concentrations in the rivers. 

Estimates were compared to pUblished data on stormwater runoff in Topeka, Kansas. 
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The terms and symbols used in this study follow conventions in the field of study but some 

deserve definition to avoid uncertainty about their use in this thesis: 

1. Watershed: the topographic area in which the slope and orientation of the surface will 

cause surface water to flow through the sampling point, plus any areas which contribute to 

discharge at the sampling point due to routing design in sub-surface stormwater sewers. 

2. Watershed characteristics: used generally to include land use, total area, and other 

unspecified characteristics of a watershed. 

3. Land use: used specifically to mean the dominant class of activity or employment which 

is designated or encountered in any given parcel of land. 

4. Water quality constituent: any measure of water quality, whether specific or bulk, such 

as temperature, level of suspended solids, zinc concentration, or abundance of bacteria. 

5. Analyte: a specific chemical species (e.g. calcium) subject to a chemical analysis. 

6. Major ion: any or all of the principal ions typically found in surface waters- bicarbonate, 

chloride, sulfate, calcium, sodium, magnesium, ammonium. 

7. Concentration: the quantity of an analyte present in a unit volume of water; expressed 

as milligrams per liter (mglL) or milliequivalents per liter (meqlL), except hydrogen. 

8. (H+): hydrogen ion concentration, taken to be equal to hydrogen ion activity; calculated 

as 10 raised to the power ofthe negative of the measured pH, and expressed as moles per liter. 

9. Loading: as used with the USGS model, the total mass of pollutant (kg) discharged 

from a watershed during a discrete discharge event or period of time. 

10. Runoff: surficial discharge of water from any source. 

11. Stormwater runoff: rapid discharges that follow precipitation events. 

12. Dry weather runoff: discharges at fairly constant levels between precipitation events. 
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Chapter 2: Background and Assumptions of Study 

National interest in urban runoff prompted past studies that have important implications for 

this study. Any attempt to apply the results of this study to other urban areas should be tempered 

by a due consideration of scope and structure of the study. The economic, geologic, climatic, and 

land use characteristics of the Emporia area are covered in chapter 3. 

2.1 Related Previous Studies 

Initial studies of water quality in urban runoff were conducted in the 1960s. Prior to that 

time, concern with urban runoff focused on flooding problems rather than water contamination. 

The Federal Water Pollution Control Act Amendments of 1972 recognized urban runoff as one of 

the potential causes of water contamination, and the Clean Water Act Amendments of 1977 

mandated and funded projects to investigate and control pollution in urban runoff. (Portney, 1991). 

The Nationwide Urban Runoff Program (NURP) was established in 1978 to assist local 

and state agencies in the acquisition of data on urban runoff and the cost-effectiveness of control 

technologies and management practices (EPA, 1983). As a centerpiece of activities, the NURP 

coordinated data collection and communication between 28 urban runoff projects that involved 

federal, state, and local agencies. The NURP compiled a database of chemical, land use, and 

meteorological data for stormwater samples from over 100 sites in the United States. 

The NURP database prOVided a basis for a national assessment of pollution in urban 

runoff. The database and conclusions drawn from it were presented by the EPA (EPA, 1983). The 

U.S. Geological Survey selected portions of the NURP database to combine with data from 

additional USGS sites. The USGS database served for the development of nationwide models for 

planning-level estimation of loads and concentrations primary stormwater chemical constituents 

(Driver, 1994). The USGS models are applied to Emporia in chapter 6 of this stUdy. 

The U.S. Geological Survey and the Kansas Department of Health and Environment 

conducted an additional stUdy, outside of the NURP database, of runoff in Shunganunga Creek in 
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Topeka, Kansas from 1979 to 1981 (Pope and Bevans, 1984). The study included land use 

analysis of the sub-basins ofthe creek and continuous sampling of discharge dUring dry-weather, 

snowmelt, and rainstorm conditions. Analytes included major nutrients, various metals, and 

suspended solids. Water quality variations were correlated with land use characteristics. 

Similarities in climate, soils, and land use between Topeka and Emporia permit comparison of 

watersheds and water quality (see chapter 6). 

2.2 Overview of Chemicals in Urban Runoff and Their Sources 

Urban runoff commonly contains a wide variety of chemical constituents, and 

concentrations may vary widely between watersheds and between storm events or discharge 

conditions (EPA, 1983). Urban environments include exposed surfaces of many different 

compositions thatare subject to corrosion, weathering, abrasion, and erosion. Urban activities 

commonly result in emissions of particulates and smoke, discharges of liquids, and spillage or 

dumping of solids. Contaminants may enter a watershed by atmospheric transport and deposition, 

or originate from a variety of potential sources related to land use (EPA, 1983; Drever, 1982; 

Albitton, 1988; Cockerham and Shane, 1994). 

In review of data from the Environmental Protection Agency, Pitt (1993) identified the 

following as the most common potential sources of contamination of urban runoff from residential 

and commercial areas: sanitary wastewater leakage, effluent from septic tanks, car washes, 

radiator flushing wastes, engine degreasing wastes. improper oil disposal, leakage of underground 

gasoline tanks, discharges from launderers and cleaners, and spillage at restaurants and food 

places. The potential for contamination from industrial sites varies with the nature ofthe industry 

and the manner of handling wastes. 

As with most surface waters, runoff from any urban watershed will probably contain 

substantial concentrations of bicarbonate, chloride, sulfate, calcium, sodium, magnesium, and 

nitrate. All of the major ions are usually present in atmospheric deposition, and all except 

ammonium and nitrate are common products of the dissolution of bedrock and soil minerals 
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(Schroeder, 1992). Bicarbonate also forms in natural waters by reaction of carbon dioxide with 

water to produce carbonic acid. The application of salt to roads dUring winter adds large quantities 

of sodium and chloride to runoff (Pope and Bevans, 1984). With exception of nitrate, the major 

ions are not usually considered pollutants in surface water unless the total concentration of 

dissolved solids becomes excessive. The EPA has published water quality criteria for aquatic life 

support for total dissolved solids and alkalinity, which is largely a prodUct of bicarbonate 

concentrations (EPA, 1976). 

The major nutrients-ammonium, nitrate, potassium and phosphate-commonly occur in 

urban as well as non-urban runoff, and may cause water quality problems by supporting excessive 

plant and algae growth and eutrophication (Schroeder, 1992). The use and dumping of fertilizers is 

a common source of contamination (EPA, 1976). Nitrate and phosphate are common in 

atmospheric deposition, and both may derive from feedlot runoff. Nitrate is a product of natural 

microbial oxidation of nitrogenous organic waste. Phosphate contamination may occur due to 

discharges of water with detergent residues (EPA, 1976). Ammonia originates from decomposition 

of organic material and some industrial discharges. High ammonia concentrations may indicate 

contamination by bacterial loading or feedlot runoff. 

Bacterial contamination of runoff may originate from livestock and grain industries, food 

industries, residential waste, and leakage of sanitary sewers. These same sources, as well as 

vegetation, may contribute oxygen-depleting substances to runoff. High suspended sediment loads 

result from disruption of soils and vegetation and installment of impervious surfaces (Tucker, 

1978). Runoff commonly transports grease, oils, and rubber particles from streets and other 

surfaces as suspended or immiscible material. Detergents and surfactants may be present in 

some urban watersheds due to industrial or residential discharges, septic sewer leakage, 

inappropriate cleaners and laundry discharge, and other commercial discharges (Pitt, 1993). 

The EPA lists 120 toxic chemicals as priority pollutants. During the NURP stUdy, 121 

samples from 61 sites were analyzed for priority pollutants. In these, 77 priority pollutants were 

detected in urban runoff, including all 14 of the inorganic pollutants and 63 of 106 organic priority 
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pollutants (EPA, 1983). The list of priority pollutants includes the following organic chemicals that 

have been found in urban runoff: 13 pesticides, PCB-1260, 18 halogenated aliphatics, benzene, 

two chlorinated forms of benzene, toluene, 6 phenols, 1 cresol, 6 phthalate esters, and 14 

polycyclic aromatic hydrocarbons. Pesticides, particularly lindane, may derive from urban lawns. 

Gasoline and petroleum products contribute benzene, toluene, and organic solvents. Additional 

sources of organic solvents include plastics manufacturing, paint, glue, and rubber (Cockerham 

and Shane, 1994). Phenols may originate with distillation of wood, livestock dips, organic waste, 

degradation of pesticides, and natural sources (EPA, 1983). 

Toxic metals were the most prevalent priority pollutants found in the NURP study. Metals 

that occur in urban runoff include iron, zinc, copper, tin, lead, cobalt, cadmium, mercury, antimony, 

arsenic, nickel, silver, and aluminum. Copper, lead, and zinc were found in over 90% of all 

samples in the NURP database, and they were commonly the most concentrated of all 

contaminants. Copper, lead, and zinc concentrations exceeded freshwater chronic criteria in more 

than 77°J, of all samples (EPA, 1983). The principal known sources of metals are fossil fuel 

combustion, weathering and abrasion of metal alloys, auto tire wear (EPA, 1976), industrial or 

commercial discharge (Pitt, 1993), pesticides, and fertilizers (Cockerham and Shane, 1994). 

The conductivity and pH of runoff depend upon chemical reactions among substances that 

derive from atmospheric sources and many terrestrial sources. All land uses have the potential to 

affect pH and conductivity. Conductivity, a measure ofthe ability of an aqueous solution to conduct 

an electric current, is a product all of the ions in the water regardless of their source. pH is a 

measure of the activity of hydrogen ions and is a result of balancing reactions between all acids 

and bases in the water. 

The potential effects of water pollution on the environment are difficult to assess. The 

various constituents of urban runoff contrast greatly in their capacity to harm humans or biota in the 

local ecosystem (Cockerham and Shane, 1994). The hazard posed by a contaminant depends 

upon the types and conditions of organisms that it affects, the concentration ofthe chemical, time 

of exposure, the concentrations of other reactive chemicals, and other variables, including 
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temperature and pH. The transport, residence, and fate of a contaminant in discharge depends 

upon chemical, biological, meteorological, and other conditions. 

2.3 Processes That Characterize Urban Runoff 

The principal source of stormwater discharge is surface runoff that directly enters drainage 

channels following precipitation. Dry-weather discharges may contain a small portion of surface 

runoff that is detained in stormwater sewer structures following precipitation. Other sources of 

urban runoff include groundwater seepage, intermittent flows of irrigation waters, leakage or 

discharge from water and sewer lines, leakage or seepage from septic tanks and holding ponds, 

and discharges from carwashes, laundry facilities, and other commercial or residential land uses 

(Pitt, 1993). Stormwater discharges may contain components from any of the above sources. Dry­

weather runoff contains a smaller relative portion of surface runoff of precipitation and larger 

relative components of runoff from groundwater and the other sources listed above. The water 

samples that were collected and analyzed in this study were taken from dry-weather runoff, and 

modeled estimates were calculated for pollutant concentrations in stormwater runoff. 

Urbanized watersheds tend to respond more rapidly to precipitation than non-urban 

watersheds. Impervious surfaces reduce the detention and infiltration of water that occurs on 

vegetated lands, and the channelization of drainage systems increases the rates of discharge. 

Discharges in urban areas following storm events increase more rapidly than in non-urban 

watersheds, peak storm discharges are higher, and the complete discharge of stormwaters occurs 

within a shorter period of time (Hirsch, 1990). 

The highest concentrations of water quality constituents in urban runoff commonly occur 

slightly before or during the peak discharge which follows a storm event. During dry conditions, 

dust, dry precipitation, abraded particles, and weathered materials accumulate on surfaces in 

urban watersheds. These materials are readily eroded when rainfall occurs, producing what is 

known as the "first flush" (Pope and Bevans, 1984) or "flushing-out" (Mance and Harmon, 1978) in 

urban watersheds. 
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Total loading of pollutants from urban watersheds may be dominated by stormwater 

discharges due to the combination of high concentrations with high discharges during storm flows. 

However, Pitt (1991) affirmed that dry-weather flows can contribute a large portion of the total 

annual load to receiving waters, and pollutant concentrations in dry weather flow can be high 

enough to cause water quality problems. 

Concentrations and total loads of some contaminants in stormwater tend to increase as 

the length of time between rainfall increases. This rule applies especially to metals that are 

deposited as dry atmospheric precipitation (Owe, 1984) and to petroleum by-products and 

suspended solids which are washed from roads and roofs (Pope and Bevans, 1984). Maximum 

concentrations and chemical loadings during winter months follow periods of snowmelt, especially 

for sodium and chloride (Pope and Bevans, 1984). 

The greatest loading of contaminants occurs during the summer months, when 

temperature and precipitation are greater. The solubilities of most solids increase as temperature 

increases, and the increase in biological activity during the warm weather increases the production 

of oxygen-consuming material and bacteria. Bacterial concentrations during warm weather may be 

20 times higher than those found during cold-weather periods (EPA, 1983). Additionally, seasonal 

warming is accompanied by increases in construction and application of fertilizers and pesticides. 

The occurrence of the peak concentration of a chemical in relation to peak discharge may 

depend upon the source of the chemical in question and the distribution of the source within the 

watershed. Where agricultural land uses are widespread in an urbanized watershed, for example, 

peak concentrations of agricultural chemicals may occur after peak discharge due to the higher 

infiltration capacity of agricultural lands and consequent lag time in delivery of discharge (Pope and 

Bevans, 1984). Similarly, the distribution of ponds may affect the timing and rate of discharge. 

2.4 Assumptions and Limitations of Study 

This stUdy, like similar studies in the past, assumes that water quality is a function of land 

use and related watershed characteristics. Most sources of pollutants are closely linked to specific 
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land uses, and pollution by atmospheric deposition is partially a function of watershed area. 

Climatic, topographical, and geological factors can also be defined as watershed characteristics. 

However, the number and complexity of watershed variables makes it difficult to assemble a set of 

data that will allow accurate numerical descriptions and predictions of water quality. 

One of the greatest limitations of this study is the lack of data to adequately represent the 

full variety of conditions which commonly occur in stormwater runoff. This study has focused on 

dry-weather conditions from February through July of 1997, and samples were taken approximately 

every two weeks. Time and equipment were not available to allow continuous sampling in each of 

the watersheds, and no samples were taken to represent the rapid changes in flows and 

concentrations during storm events. A more conclusive study would include analysis of runoff from 

storm events, and span winter as well as summer months. 

The use of composite samples imposes a second limitation on the ability of the data from 

this study to represent recurrent conditions. Time constraints did not permit the determination of 

analyte concentrations in the samples from each watershed on each sampling date. Composites 

of samples from several sampling dates were compiled for each watershed so that the results of 

analyses would represent prevailing differences between watersheds. Consequently, results do 

not reflect the full degree of fluctuations which occur through time within any given watershed. 

A third limitation on this stUdy was the inability to undertake the analysis of all water quality 

constituents that can cause water quality problems and may be present in runoff from Emporia. 

The major ions and metals that were analyzed were chosen because their presence was 

predictably certain. eqUipment was available for their analysis. and the analytical methods for major 

ions are relatively fast and easy. Major ions are important components of any water system, yet 

they generally do not indicate the presence or cause of water quality problems. Important water 

quality constituents that were not analyzed include bacteria, BOD, and suspended solids. 

The pH, condUctivity, and discharge in each watershed were monitored throughout the 

period of study to provide fast and easy monitoring of fluctuations in water quality conditions. 

However, pH and conductivity do not indicate the presence or concentration of any of the specific 
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chemicals which are of interest, so similar results from different watersheds or different dates do 

not necessarily indicate similar concentrations of chemicals. Average values and ranges define 

trends in water quality for each watershed. Unusually low or high results for a given watershed 

may indicate the presence of undesirable conditions or contamination, and unusually high or low 

result for a given sampling date can provide evidence of disruption in the watershed. Conductivity 

and pH indicate the total dissolved solids concentrations and acidity of the samples. 

This study and previous studies like it employ a land use classification scheme that lacks 

sensitivity to the sources of water contaminants. Four principal urban land use divisions were 

recognized: industrial, commercial, residential, and vegetated. These classes may be distinct from 

an economic point of view, but they lack applicability in environmental studies such as this. 

According to the classification scheme, for example, an industrial bakery is in the same land use 

class as manufacturers of metal products and molded-plastics products, while a commercial 

bakery is in a separate category with gasoline stations and banks. A more appropriate 

classification system would group land uses according to the contaminants that they potentially will 

produce (e.g., those which may produce metals, those which may produce bacteria and BOD). 

Additionally, the land use classification scheme does not account for variations in intensity 

or rate of activity, and the study assumes that chemical loading is directly related to the area of the 

land use. The analysis assumes, for example, that all streets have the same amount of traffic per 

unit area and all residential areas have the same population density. 

Water quality is affected by factors other than land use that could not be incorporated into 

this study. Dust and gaseous emissions may be transported from a source in one watershed and 

deposited in neighboring watersheds. The water quality is a function of spatial variables under such 

circumstances, but it is not a function ofthe land use characteristics of the receiving watershed. 

Subsurface processes and stormsewer design may be important factors but were not analyzed in 

this stUdy. Some watershed variables, such as population density and average channel slopes, 

were not considered because they are closely related to other variables (e.g., residential area) that 

were more easily incorporated into the stUdy. 
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This study explores the untested premise that the influence of a land use area on water 

quality is partially a function of distance from the land use area to the sampling point and main 

drainage channels of the watershed. The premise has its origins in the "contributing-area" and 

"variable-source" hydrological models which are used for predicting surface runoff. These models 

assume that surface runoff in vegetated watersheds is generated by limited areas which surround 

principal drainage channels and expand in response to precipitation. The subsurface waters which 

become surface flow in contributing areas in the hydrological models are similar to sampled waters 

in this study that entered the drainage channel as seepage from soil and subsurface materials. 

Even if it is assumed that the influence of land use upon water quality varies with distance 

from the main drainage channel, it is not known if the variation with distance is the same for all land 

uses or all chemicals, or if the variation with distance is linear, logarithmic, or of some other 

mathematical form. In this study, a consistent procedure was used to divide each watershed into 

three zones according to distance from the drainage channels, and weighting factors were applied 

to each zone. The arrangement of distance-weighting zones and the factors applied to them were 

created, with no empirical or theoretical basis, for the sake oftrial-and-error experimentation. 
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Chapter 3: Methods and Results of Watershed Analysis 

Watersheds, distance-weighting zones in watersheds, land uses, and soils of the study 

area were mapped on a 1:1200 scale street map of the city of Emporia, then converted into digital 

format for analysis with a geographic information system. Reclass and addition operations 

permitted the calculation of the area of each land use class, soil class, and combinations of land 

use and soil in each distance-weighted zone of each watershed. Watershed analyses were 

adequately accurate and precise. 

3.1 General Description of Study Area 

The city of Emporia has a population of 24,936 (Bureau of Census, 1994) and covers 23.6 

square kilometers (9.2 square miles) in east-central Kansas, extending 7.2 kilometers (4.5 miles) 

from eastto west and 4.0 kilometers (2.5 miles) from north to south. The local bodies of water 

which receive urban runoff support wildlife, water-contact recreation, and harvesting of wildlife. The 

Neosho River and Cottonwood River flow eastward by Emporia to their confluence six miles to the 

southeast, where they take the name of the Neosho River and enter the Flint Hills National Wildlife 

Refuge and John Redmond Reservoir twenty miles downstream from Emporia. 

Residential areas are distributed throughout the city and predominate in the northern half 

ofthe city. Approximately 80 percent ofthe urban area drains into the Cottonwood River south of 

the city, and the remainder drains to the north into the Neosho River. A portion ofthe east side of 

the city drains into large detention ponds on the floodplain ofthe Neosho River. The percent of 

area served by sub-surface stormwater sewer systems is greater in the watersheds that drain into 

the Cottonwood River than in the watersheds that drain into the Neosho River. See figure 3-1 

(map) for depiction of land use distributions. 

Emporia hosts 24 manufacturing firms (Bureau of Census, 1994). Industrial activities in 

Emporia include livestock slaughter and processing, automobile parts manufacturing, industrial 

baking, molded plastics manufacturing, printing equipment and supplies manufacturing, grain and 
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livestock feed processing, and vegetable oil production. Most industries are located in one of four 

industrial zones, some of which also include large tracts of vegetated lands. Nearly all industrial 

areas drain by surface and stormsewer systems into the Cottonwood River. Most of the runoff from 

the plant ofthe Iowa Beef Packaging Company is pumped to the company's wastewater treatment 

facility and treated before release into the Cottonwood River. 

Commercial enterprises in Emporia number 339 (Bureau of Census, 1994), including 

restaurants, automobile service centers, retail stores, and consumer service centers. The central 

commercial district covers 26 city blocks along Commercial Street between the main railroads and 

12th Street. Strip development extends along Commercial Street south of the main railroads, and 

some commercial enterprises are located in a light industrial zone in the southwest sector of the 

city. Dense traffic flow and commerce occurs in strip developments along Highway 50 (6th Ave.) 

throughout Emporia, and along Industrial Avenue north of Highway 50. Most ofthese areas are 

drained by surface and sewer into the Cottonwood River. A zone of strip development along East 

12th Avenue drains into the Neosho River. 

Other prominent land uses in Emporia include a public golf course, several urban parks, 

the campus of a state university, numerous tracts of open land, and a small municipal zoo. 

Portions of interstate highways are included in the study area. The municipal water and wastewater 

treatment plants, the municipal landfill, and the current solid waste transfer station all lie outside of 

the watersheds that were the principal focus of this study. The municipal wastewater treatment 

plant borders the Cottonwood River in the southeast sector of the city. Municipal water for the city 

of Emporia is taken from the Neosho River behind a low-water dam in the northwest sector of the 

city, above most points of discharge for runoff from Emporia. 

3.2 Geomorphology and Climate 

Emporia straddles a low ridge that stretches roughly east-west between the Neosho River 

and the Cottonwood River. Relief in the study area does not exceed 160 feet (49 meters). The 

Neosho River has shifted southward dUring recent geological time, encroaching upon the ridge and 
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producing steeper, shorter watersheds on the north side ofthe drainage divide (Aber, 1997). 

Average slopes on the north side range from 2.5 to 15 percent, as measured along drainage 

channels from the drainage dMde to the Neosho River. Watersheds on the south side of the 

drainage dMde are more elongate, drainage routes are closer to parallel, and slopes vary less 

abruptly across the landscape. Average slopes in drainage channels between the drainage divide 

and the Cottonwood River range from 1.2 to 3.0 percent. 

Local bedrock consists of alternating layers of limestone and thicker shale members of the 

Wabaunsee Group (Upper Pennsylvanian) that are slightly inclined to the west and northwest 

(O'Connor, 1953). Chert gravel remnants of terrace formations occur in patches on ridgetops, 

principally in the northwest sector ofthe study area. Younger, thicker, and siltier terrace formations 

cover bedrock over most of the southern and eastern areas. Watersheds on both sides of the 

divide include level or nearly-level areas in their lower reaches that belong to the floodplain and 

fluvial terrace formations of the Cottonwood and Neosho rivers. 

Most soils in the stUdy area are silt loams and silty clay loams, generally with silty clay 

subsoils (Neill, 1981). Soils on ridgetops and sideslopes range from 27 to 60 inches (69 to 150 

cm) in thickness, while soil materials on terraces and floodplains are typically 60 to 100 inches 

deep (150 to 250 cm). Most soils have very slow to slow permeabilities and slow to medium runoff 

ratings. Gravelly silt loams, which develop on isolated, ridgetop remnants of chert gravel terraces, 

can produce rapid runoff. Runoff may also be rapid from Clime-Sogn silty clay soils where they 

thinly cover bedrock on ridgetops. 

Emporia has a humid continental climate with hot summers, moderately cold winters, and 

precipitation throughout the year. Heaviest precipitation falls as rain between April and June; 

August and September are commonly the driest months. The maximum 24-hour total rainfall with 

a 2-year recurrence interval is 3.60 inches (9.1 cm), and an average of 33.0 inches (83.8 cm) of 

precipitation falls each year (Burns, 1976). July has a mean monthly temperature of 79° F (26° C), 

and a mean daily maximum of 91 ° F (32.8° C). January has a mean monthly temperature of 29° F 

(-1.7° C), and a mean daily minimum of 18° F (-7.7° C) (Bureau of Census, 1994). 
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3.3 Delineation of Watersheds and Selection of Sampling Points 

The term ''watershed'' is used here to refer to the land area from which surface water 

drains through each sampling point. Watershed boundaries were first outlined according to 

surface elevations as interpreted from 1:24,000 scale topographic maps. Eleven watersheds were 

chosen for study. Each watershed includes a large percent of urban area, and together the eleven 

watersheds cover most of the city of Emporia. See figure 3-1 (map). The watersheds range in 

area from 0.51 to 4.24 square kilometers in watersheds 10 and 7, respectively. The eleven 

watersheds cover a total area of 19.43 square kilometers. 

Sampling sites for each watershed were selected at locations with safe and easy public 

access near or outside the limits of urbanization. Boundaries for the selected watersheds were 

modified and refined using ground observations of topography and stormwater sewer designs. 

Boundaries were drawn to exclude from a watershed all land areas in which the stormwater 

systems carry runoff into other topographic basins. Groundwater flow was not considered in the 

delineation of watersheds. See table 3-1 for descriptions of watersheds and sampling sites. 

Each watershed was further divided into inner, middle, and outer zones to represent 

different distances from land use parcels to the principal drainage channels and sampling 

points. Principal drainage channels were defined as the intermittent streams as presented on 

the 1:24,000 scale topographic map of Emporia. Transects were drawn on the 1:1200 scale 

base map across each watershed perpendicular to the main drainage channel at intervals of 

300 to 500 meters along each channel, beginning at the sampling point. The distance 

between the channel stem and the watershed boundary was divided into three portions on 

each side of the channel, and a point was mapped to mark each division. In watersheds with 

confluent channels the distance along each channel was measured from the point of confluence to 

the most distant point of the sub-basin, and the distance was divided into three portions. Likewise, 

the distance along the drainage divide between the sub-basins was measured from the point of 

confluence of the channels and divided into three portions. All corresponding points were 

connected with smooth curves to define the inner, middle, and outer zones of each watershed. 
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Table 3-1: Descriptions of Watersheds and Locations of Sampling Sites 

" Description and LocationWatershed 
and Site 

, .. 

Drainage to Cottonwood River 

Includes several large industries and large tracts of residential and agricultural 
land. Some agricultural lands are zoned for industrial development. Sampling 
site located at bridge on East Logan Ave. 400 meters east of East St. 

1 

Drains most of the central commercial area and includes mostly residential areas. 
Completely urbanized and most drainage is routed through sub-surface 
stormsewer systems. Sampling site located at stormwater outfall 50 meters west 
of Logan Avenue School on East Logan Ave. 

2 

Includes part of the central commercial district, some industries, and large 
residential areas and urban vegetated areas. Sampling site located in Peter Pan 
Park midway between dam and Cottonwood River. 

3 

Drains residential areas in the core of the city, strip development along 6th Ave., 
and much of the Santa Fe railroad maintenance facilities. Sampling site located 
at bridge on South Avenue 500 meters east of Prairie St. 

4 

Includes two large livestock industries near the sampling site and commercial 
development along 6th Ave. and Industrial St. Most area is residential, with some 
vegetated urban tracts. Sampling site located at bridge on South Avenue 50 
meters east of Prairie St. 

5 

Includes many industrial and commercial parcels with connected vegetated areas 
in southwestern industrial zone and along 6th Ave. and Industrial St. Sampling 
site located at bridge on South Ave. 400 meters west of Prairie St. 

6 

7 Drains lands on the western margin of the city which are principally vegetated or 
cropland. Includes some industries and facilities of the Kansas Turnpike Assoc. 
Sampling site located on West 6th Ave. 650 meters west of Graphic Arts Road. 

Drainage to Neosho River 

Consists of residential and vegetated lands. Sampling site located at bridge on 
Coronado St. 50 meters east of Prairie St. 

8 

9 Consists of residential and vegetated lands. Sampling site located'at stormwater 
outfall at intersection of Lincoln St. and Coronado S1. 

10 Includes many service areas as well as residential and park areas. Sampling site 
located at bridge at intersection of Commercial S1. and Highland S1. 

Drains commercial and residential developments along East 12th Ave. and 
surrounding areas, and large tracts of park and agricultural land. Drainage 
channel is connected to a large pond north of the interstate. Sampling site 
located at bridge on 18th St. at northwest corner of Trusler Sports Complex. 

11 

, 
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3.4 Land Use Mapping and Analysis 

Land uses of the Emporia area were mapped on the 1:1200 base map using 1:9600 scale 

aerial photographs as the principal source of information. The municipal land use zoning map 

provided general guidance for mapping, and questionable areas were checked by ground 

observation. Land use areas were delineated as the smallest mappable units regardless of 

municipal zoning. Many areas which are zoned residential, commercia', or industrial were broken 

into parcels of agricultural, vegetated, paved, or other uses. IDRISI © software was used to 

calculate the area of each land use in each zone of each watershed. See figure 3-2 (map). 

All land areas were classified into one of the land use classes which are listed and 

described in table 3-2. The area covered by each land use in each watershed was initially 

calculated using the classification scheme outlined in table 3-2. Revised and combined land use 

classes were formed according to formulae listed in table 3-3 and replaced previous classes for all 

subsequent analyses. Some land use parcels are included in more than one of the revised or 

combined classes. For example, commercial parking lots are included in the commercial class as 

well as the parking and impervious area classes. 

The watersheds were divided into inner, middle, and outer zones to permit exploration of 

the premise that water quality is more greatly influenced by the land use parcels that lie more 

closely to the drainage channel. When calculating land use values for each watershed, greater 

weight was given to the land parcels of the inner and middle zones by taking smaller fractions of 

the middle and outer zones when calculating the land use values for each watershed. For 

example, the weight of land use areas was shifted towards the inner zone by calculating the area of 

the land use in the watershed as a sum ofthe area of the inner zone plus one-half the area of the 

middle zone and one-fourth of the area in the outer zone. Different sets of fractions yield different 

relative weights among the zones. The use of distance-weighting variables especially affects the 

land use values for watersheds that have a concentration of a particular land use class in one 

zone. For example, if a watershed has a concentration of industrial land use in the inner zone, the 

calculated percentage of industrial area will be higher with the use of distance-weighting factors. 
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Table 3-4: Sets of Distance-Weighting Factors Applied to Watershed Zones 

Set Outer zone Middle zone Inner zone 

1 1.0 1.0 1.0 

2 0.50 0.75 1.0 

3 0.33 0.67 1.0 

4 0.0 0.50 1.0 

5 0.0 0.0 1.0 
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