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Revisions: 

 

The September 23, 2009 report was revised on January 5, 2010 

 Bioclassifications for sites 19 (Indian Cr at NC 27) and 27 (Tanyard Cr at SR1113) in 

Table 4 were removed for October, 2008 since these sites were not sampled during 

October 2008. 

 Page 30.  The statement ñThe overall geometric mean for the LWP area was over 500 

cfu/100 ml éò was corrected to ñThe overall geometric mean for baseflow samples 

within the LWP area was 201 cfu/100 ml.ò  The original value of 500 cfu/100ml was the 

arithmetic mean (not the geometric mean). 

 Page 33. The sentence ñThe black line (upper line) is the grand mean across all sitesò as 

part of the caption to figure 10 was corrected to ñThe black line (upper line) is the grand 

arithmetic mean across all sites.ò   

 



 1 

TABLE OF CONTENTS  
 

EXECUTIVE SUMMARY ............................................................................................................ 3 

INTRODUCTION .......................................................................................................................... 5 

Overview of LWP Area ............................................................................................................... 6 

Summary of Existing Water Quality Data ................................................................................... 9 

Summary of Reconnaissance Sampling .................................................................................... 11 

Overview of Water Quality Monitoring .................................................................................... 13 

Approach to Monitoring Site Selection .................................................................................. 13 

Monitoring Goals ................................................................................................................... 13 

Description of Monitoring Sites ............................................................................................. 16 

METHODS ................................................................................................................................... 18 

Chemical and Physical Monitoring and Analysis...................................................................... 18 

Biological Monitoring ............................................................................................................... 20 

Habitat Assessments .................................................................................................................. 21 

Quality Assurance/Quality Control ........................................................................................... 21 

RESULTS AND DISCUSSION ................................................................................................... 21 

Chemical and Physical Water Quality ....................................................................................... 21 

Base Flow Monitoring ............................................................................................................... 22 

Field Measurements ............................................................................................................... 22 

Turbidity and Suspended Residue .......................................................................................... 25 

Nutrients ................................................................................................................................. 25 

Minerals and Anions .............................................................................................................. 29 

Metals ..................................................................................................................................... 29 

Fecal Coliform Bacteria ......................................................................................................... 30 

Storm Event Monitoring ............................................................................................................ 32 

Benthic Macroinvertebrate Assessments ................................................................................... 35 

Aquatic Habitat Assessments .................................................................................................... 37 

NCDWQ Habitat Assessments............................................................................................... 39 

Combined NCDWQ and ENTRIX Habitat Assessments ...................................................... 44 

Summary of Stream Stressors ................................................................................................ 48 

SUMMARY .................................................................................................................................. 50 

CONCLUSIONS........................................................................................................................... 50 

DATA GAPS ................................................................................................................................ 51 

RECOMMENDATIONS .............................................................................................................. 51 

LITERATURE CITED ................................................................................................................. 51 

Appendix A.  Land cover statistics by subwatershed (NCEEP 2008). ......................................... 53 

Appendix B.  Parameters, Reporting Limits, NC Water Quality Standards and Action Levels .. 54 

Appendix C.  Field Parameters, Water Chemistry, and Fecal Coliforms ..................................... 55 

Appendix D.  Summary of Activities Conducted by WAT for the Development of the LWP. ... 68 

Appendix E  Regional AMS Data Including Indian Creek........................................................... 74 
 



 2 

List of Tables 

 

Table 1.  Types of data available prior to Spring 2008 for the LWP area (excerpted from 

NCDWQ 2008a). .......................................................................................................................... 12 

Table 2.  Sites evaluated during reconnaissance and monthly monitoring conducted between 

April 2008 and March 2009. ......................................................................................................... 14 

Table 3.  Description of monitoring locations, reasons for sampling, and sampling activities. ... 16 

Table 4.  Historic and recent bioclassifications in the Indian and Howards Creeks watersheds.
1
 36 

Table 5.  Description of habitat metrics. ....................................................................................... 39 

Table 6.  NCDWQ habitat metric scores. ..................................................................................... 43 

Table 7.  Number of sites assessed for aquatic habitat within each NCEEP subwatershed. . Error! 

Bookmark not defined. 
Table 8.  Summary of Stream Stressors. ....................................................................................... 49 

 

List of Figures 
 

Figure 1.  Indian Creek and Howardôs Creek LWP area. ............................................................... 7 

Figure 2.  Land use and land cover in the Indian Creek and Howardôs Creek LWP area. ............. 8 

Figure 3.  Locations of five regional streams, Indian Creek, and the biological reference stream 

(Leepers Creek) in relation to the Indian Creek and Howardôs Creek LWP area. ....................... 10 

Figure 4.  Locations of water chemistry monitoring stations in the Indian Creek and Howardôs 

Creek LWP Area. .......................................................................................................................... 19 

Figure 5.  Specific conductance during baseflow conditions. ...................................................... 23 

Figure 6.  Baseflow pH, including median values and individual values lower than 6.0 SU. ...... 24 

Figure 7.  Baseflow concentrations of ammonia nitrogen and total Kjeldahl nitrogen. ............... 27 

Figure 8.  Baseflow concentrations of nitrite + nitrate nitrogen and total phosphorus. ................ 28 

Figure 9.  Manganese concentrations in five regional streams from January 2000 through August 

2009............................................................................................................................................... 31 

Figure 10. Distribution of fecal coliform bacteria counts across the Indian and Howards Creek 

watersheds and Leepers Creek during 2008-2009. ....................................................................... 33 

Figure 11.  Fecal coliform counts. ................................................................................................ 34 

Figure 12.  Cattle damage in the headwaters of two creeks. ......................................................... 36 

Figure 13.  Spatial distribution of DWQ habitat assessment total scores. .................................... 41 

Figure 14.  Individual habitat metric scores and total habitat scores for the assessments 

conducted by NCDWQ Biological Assessment Unit (sites with an asterisk) and the NCDWQ 

Watershed Assessment Team. ...................................................................................................... 42 
  



 3 

EXECUTIVE SUMMARY  
 

The NC Division of Water Quality (NCDWQ) evaluated water quality within the Indian Creek 

and Howardôs Creek watersheds, a 109 mi
2
 area located west of Lincolnton, North Carolina 

between April 2008 and March 2009
1
.  Specific tasks included:  

1) providing a review of existing water quality data;  

2) conducting a watershed reconnaissance of water quality at 37 sites;  

3) assessing benthic macroinvertebrate communities at 13 sites;  

4) summarizing aquatic habitat conditions at 19 sites;  

5) physical/chemical water quality monitoring at 9 sites; and  

6) conducting a wetland functional assessment at 28 sites.   

 

These tasks were conducted to support the development of a Local Watershed Plan (LWP) by the 

NC Ecosystem Enhancement Program (NCEEP).  This report summarizes the results of the first 

four tasks, and integrates these data with the results associated with task 5 (water quality 

monitoring) to provide an interpretation of likely stressors contributing to the degradation of 

water quality, habitat and hydrology functions throughout the planning area.  Results from the 

wetlands functional assessment (task 6) are discussed in a separate report (NCDWQ 2008e). 

 

Existing water quality data collected from 1980 through 2007 were reviewed and summarized.  

Data included results from ambient monitoring, biological assessments (fish and benthos), 

precipitation/stream flow records and discharge monitoring data from regulated facilities.  

Significant amounts of existing data were available only for the downstream reach of Indian 

Creek and one location on Howardôs Creek.  Overall, the review of existing data did not reveal 

major water chemistry issues within this watershed.  Problems were noted for portions of lower 

Indian Creek for biological integrity (based on benthic macroinvertebrates and fish data).  The 

lower portion of Indian Creek was included on the 2006 North Carolina 303(d) list of impaired 

streams.  Drought was present in 2002, 2007, and 2008  and the effects of the drought on water 

quality were noted.   

 

A watershed reconnaissance of water quality was conducted in April  and June 2008 at 37 

locations in the watershed.  The goal was to identify locations for more intensive monitoring 

based on a comparative analysis of parameter concentrations between locations, since historic 

water quality data were limited to only a few sites.  During this reconnaissance, field 

measurements (dissolved oxygen, pH, temperature, specific conductance) were taken once at all 

locations, and water samples (turbidity, residue, fecal coliform bacteria, nutrients, anions and 

metals) were collected from 20 locations.  Results of the reconnaissance and additional sampling 

in July, August, and September 2008 indicated no major water quality concerns, although 

elevated nutrients and fecal coliform bacteria were noted. 

 

Benthic macroinvertebrates were sampled at 11 sites in June 2008 by the NCDWQ Watershed 

Assessment Team (WAT) and at seven sites in October 2008 by the NCDWQ Biological 

Assessment Unit (BAU).  Five sites were sampled by both groups; a total of thirteen sites were 

                                                           
1
 The Middle South Fork (5 mi.

2
), which is part of the NCEEP LWP area, was not included in monitoring and 

assessment activities because itôs drainage area (i.e., the South Fork Catawba River) is too large to evaluate during 

the limited time and budget of this study.  
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sampled at least once.  The June 2008 sampling was conducted, in part, to determine the severity 

of the drought experienced in 2007 and 2008 and whether additional sampling by BAU would 

provide information useful for the development of a LWP.  Results indicated that drought effects 

were present, particularly in small watersheds.  There were no taxa-specific indicators of 

stressors among any of the taxonomic data.  An abundance of tolerant filter feeders at the Mill 

Creek site (Poor bioclassification) was noted and attributed to organic inputs from the dairy 

operation there.  The main problems throughout the LWP watersheds were too much sediment, 

too little habitat and low stream flow. 

 

Habitat assessments were conducted by NCDWQ at a total of 19 sites, some of which were 

completed as part of the benthic macroinvertebrate sampling.  ENTRIX, the consultant for 

NCEEP, conducted and additional 51 habitat assessments.  Habitat assessments conducted by 

NCDWQ in association with benthic sampling indicated that conditions varied widely amongst 

the sites, ranging from 32 to 93 (out of 100), and were not always a good predictor of benthic 

bioclassification.  For example, there were locations with degraded habitat that had higher 

bioclassifications than locations with apparently more favorable habitat, and vice versa.  The 

combined NCDWQ and ENTRIX habitat assessment data showed differences among the 

subwatersheds within the Indian Cr. and Howardôs Cr. watersheds.  Scores for each of the habitat 

metrics were numerically greater in the Indian Creek watershed than the Howardôs Creek 

watershed, but the only two metrics that had significant statistical differences between these 

watersheds were bottom substrate and riparian vegetation zone width.   

 

Water chemistry sampling was initiated for a subset of nine sites in October 2008 and continued 

through March 2009.  This sampling effort included monthly baseflow sampling for residue, 

nutrients, copper and fecal coliform bacteria at four locations and the same parameters sampled 

quarterly at five additional locations.  Stormflow samples were collected in December 2008 at 

two sites.  The main water quality concerns revealed were elevated conductance, nutrients and 

fecal coliform bacteria counts at several locations.  The Cherryville Wastewater Treatment Plant 

(WWTP) discharge had notable impacts on some chemistry parameters in lower Indian Creek, 

while nonpoint sources associated with agricultural and urban runoff had impacts in other 

portions of Indian Creek, Howardôs Creek and their tributaries. 

 

Overall, water quality across the LWP area (with noted exceptions) is in relatively good 

condition, compared with other streams in the region.  Effects of the drought in 2007 and 2008 

may have had a major confounding factor in assessing the effects of any other stressors.  In 

general, rural subwatersheds outside of urban influences had more favorable water quality.  

Recommendations included the implementation of stormwater and agricultural Best 

Management Practices and stream restoration projects at strategic locations, as these would 

likely improve water quality conditions in those subwatersheds.  Subwatersheds where 

preservation opportunities should be investigated also are noted in the Recommendations.  
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INTRODUCTION  
 

This report summarizes the results of several water quality assessments conducted by the NC 

Division of Water Quality (NCDWQ) in the Indian Creek and Howardôs Creek watersheds in 

North Carolina, within the Catawba River Cataloging Unit (# 03050102) between April  2008 and 

March 2009.   These assessments are conducted to support the development of a Local 

Watershed Plan (LWP) being coordinated by the NC Ecosystem Enhancement Program 

(NCEEP).  The intent of these assessments is to identify potential stressors contributing to the 

degradation of water quality, habitat and hydrology functions throughout the planning area based 

on the collected data and best professional judgment.  These and other data collected by 

NCEEPôs private consultant selected for the project provide comprehensive watershed 

information and maps that identify streams and subwatersheds that could benefit from 

restoration, enhancement and preservation measures or best management practices (BMPs).  

Recommendations for further data collection and assessment are also provided.  Implementing 

appropriate management strategies helps to preserve, protect and improve water quality, and 

restore other local ecosystem functions.   

 

Several tasks completed during 2008, in addition to stakeholder input, formed the basis for water 

quality monitoring described and presented in this document.  They included the following.   

 

1. A summary of existing water quality data for the Indian Creek and Howardôs Creek LWP 

area  reviewed available water quality data between 1980 through 2007 (NCDWQ 

2008a).  This task helped to identify water quality problems and data gaps, where 

additional monitoring should occur.  

 

2. A water quality reconnaissance sampling was conducted in April  and June 2008 

(NCDWQ 2008b).  This preliminary sampling consisted of a one-time collection of field 

measurements (dissolved oxygen, water temperature, pH, and specific conductance) at 37 

sites and water samples from 20 sites.  Water samples were analyzed for nutrients, 

metals, turbidity and fecal coliform bacteria.  Results were used to develop a more 

focused water quality monitoring plan.  Benthic macroinvertebrates were collected from 

11 of these sites in June 2008, and limited water chemistry sampling was done in July, 

August and September.   

 

3. A plan to monitor water quality from October 2008 through March 2009 was developed 

by WAT (NCDWQ, 2008c).  Goals of the monitoring plan are described in the 

Monitoring Overview section below.  The types of monitoring conducted included 

physical and chemical sampling and analyses, benthic macroinvertebrate and habitat 

surveys.  Additional details related to each type of monitoring are provided in the 

Methods section of this report. 
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Overview of LWP Area 

 

The Indian Creek and Howardôs Creek LWP (Figure 1) encompasses 114 square miles within the 

South Fork Catawba River Basin Cataloging Unit (CU 03050102), including three 14-digit 

Hydrologic Units (HU) or ñlocal watershedsò.  Most of the LWP area is within Lincoln County, 

with smaller areas in Catawba and Gaston Counties.  The Town of Cherryville in Gaston County 

is the largest municipality in the project area.  Land cover is primarily agricultural and forested 

lands (Figure 2 and Appendix A).  Eight permitted animal facilities are present in the Indian 

Creek and Howardôs Creek watersheds (NCDWQ 2008a), and two permitted wastewater 

treatment facilities discharge into Indian Creek. 

 

Indian Creek and its major tributary, Little Indian Creek, originate in Catawba County about one-

half mile north of the Lincoln/Catawba county line.  Indian Creek flows southward across 

Lincoln County just into the northern edge of Gaston County north of Cherryville, and then 

eastward about one mile and back into Lincoln County, where it continues eastward to its 

confluence with the South Fork Catawba River south of Lincolnton.  Four other named creeks, 

including Little Creek, Mill Creek, and Leonard Fork in Lincoln County, and Lick Fork in 

Gaston County and several un-named tributaries (UTs) to these creeks flow into Indian Creek.  

The entire Indian Creek watershed is 75 square miles. 

 

Howardôs Creek and its headwater UTs originate in Catawba County about a mile north of the 

Lincoln/Catawba county line and flow southeast to its confluence with the South Fork Catawba 

River about one mile northwest of Lincolnton.  Rockdam Creek, Tanyard Creek, and several 

UTs flow into Howardôs Creek.  The Howardôs Creek watershed is 34 square miles. 

 

The Middle South Fork (MSF) Catawba River also is part of the LWP planning area, but is part 

of the mainstem South Fork Catawba River and is only five square miles in extent.  Water 

quality in the South Fork Catawba River is influenced primarily from upstream areas outside of 

the LWP area.  The MSF watershed and areas upstream are not addressed by this data summary. 

 

A number of different Use Classifications apply to waters within the LWP area.  The headwaters 

of Indian Creek, along with the entirety of Little Indian Creek, Little Creek and Mill Creek, are 

classified WS-II; HQW.  Additionally, 0.5 miles of both Indian Creek and Mill Creek, 

immediately upstream from the Cherryville water supply intake, are classified WS-II; HQW, CA 

(critical area).  Immediately downstream from the water supply intake, to a point 0.3 mi. 

upstream of SR 1169, Indian Creek is classified C; Lick Fork is also C.  The final downstream 

reach of Indian Creek to its mouth at South Fork Catawba River is classified WS-IV.  Howardôs 

Creek is classified for aquatic life protection/propagation and secondary recreation (C).  [For 

more information on NCDWQ stream classifications, go to 

http://h2o.enr.state.nc.us/csu/swc.html] 

 

The NC 303(d) list (NCDWQ 2006a) classifies Indian Creek as impaired from a point 0.3 mile 

upstream of Lincoln County SR 1169 to the South Fork Catawba River.  The creek is impaired 

based upon the biological monitoring (both fish and benthos) conducted in 2006 but no specific 

stressors were identified as the cause for the impaired rating.  

 

http://h2o.enr.state.nc.us/csu/swc.html
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Figure 1.  Indian Creek and Howardôs Creek LWP area.      
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Figure 2.  Land use and land cover in the Indian Creek and Howardôs Creek LWP area.  

The term ñcatchmentò, as used in the above figure legend, is the same as the term 

ñsubwatershedò used elsewhere in this report (map excerpted from NCDWQ 2008a). 
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Summary of Existing Water Quality Data  

 

This section briefly describes the types of existing data that were reviewed at the beginning of 

the LWP process.  See the Results and Discussion section of this report for a comparison of 

historical results with those of the current study. 

 

Chemical and physical water quality monitoring data collected by the NCDWQ Ambient 

Monitoring System (AMS) program from 1980 through 2007 from one location in Indian Creek 

were reviewed and summarized (NCDWQ, 2008a).  Results revealed few water quality 

problems, however elevated pH and specific conductance were present downstream of 

Cherryvilleôs WWTP discharge into Indian Creek.  These impacts were markedly reduced 

starting in 2004, when industrial facilities in Cherryville reduced or terminated operation.   

 

Comparisons were made of AMS data for Indian Creek at SR1252 with AMS data for other 

regional streams (Table 1), including data for dissolved oxygen concentration, pH, nutrients, 

fecal coliform bacteria and metals.  The locations of these streams are shown in Figure 3. 

 

The United States Geological Survey (USGS) collected limited field data in the 1990ôs at several 

points upstream of the AMS monitoring site on Indian Creek, but dissolved oxygen 

concentrations were the only data collected regularly.  Dissolved oxygen fell within the same 

range as the AMS data collected just downstream on Indian Creek at SR1252, and were above 

water quality standards.   

 

Benthic macroinvertebrate sampling was conducted by the NCDWQ Biological Assessment Unit 

(BAU) on Indian and Howardôs creeks. Howardôs Creek was sampled at SR1200 on four 

occasions from 1992 to 2006, and Indian Creek was sampled at SR1252 on eight occasions from 

1983 through 2006 and upstream at SR1177 on four occasions from 2002 to 2006.     

 

The BAU assessed the fish community on Indian Creek on three dates (1997, 2002, and 2006) at 

SR1252 and once (2006) on Howardôs Creek at SR1185.  Howardôs Creek received a 

bioclassification of Good, based on the single fish community evaluation in 2006.  Indian Creek, 

however, has received ratings of Fair on all three dates on which it was evaluated. 

 

A segment of Indian Creek from a point 0.3 mile upstream of Lincoln County SR 1169 to the 

South Fork Catawba River (Figure 1) was placed on the NC 303 (d) list resulting from a Fair 

rating at one location in 2006 for benthos.   

 

Daily stream flow data for Indian Creek near Laboratory (1951 through 2008) from the United 

States Geologic Survey (USGS, gage number 02143500) real time website interface were 

reviewed.  Drought or low flow conditions were identified during 2000 through 2002 and in 

2007 and 2008.  Decreased flow can impact benthic communities by reducing available habitat 

such as root mats and undercut banks that may not be in contact with water and can also impact 

stream water chemistry (e.g., lowered dissolved oxygen levels, higher concentrations of 

contaminants below dischargers). 
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Figure 3.  Locations of five regional streams, Indian Creek, and the biological reference 

stream (Leepers Creek) in relation to the Indian Creek and Howardôs Creek LWP area. 
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Summary of Reconnaissance Sampling 

 

Reconnaissance sampling was conducted in April and June 2008 to gain greater spatial coverage 

of water quality conditions than was available from existing data.  Field parameters were 

measured at 30 locations (Figure 4) and water samples collected for lab analysis at 10 of these.  

There were 20 locations identified for preliminary chemistry sampling in June and August, of 

which 12 were identified for benthic sampling by WAT in June.  (The total of 12 represents 11 

sites within the LWP planning area, and a biological reference site outside the planning area; one 

of the sites in the LWP area was not sampled due to lack of suitable habitat).  

 

Reasons why sites were selected for reconnaissance sampling include: 1) availability of existing 

data for comparison purposes; 2) stream classification and major land use to ensure all types 

were assessed; 3) stakeholdersô knowledge of potential problem areas; 4) windshield surveys 

conducted by WAT staff that identified potential problem areas; and 5) accessibility.  

 

Water chemical analyses from the reconnaissance sampling indicated that metals were not an 

issue anywhere in the LWP watersheds.  The primary water chemistry issues appeared to be 

nutrients at some locations in both Indian and Howardôs creeks and in certain tributaries.  Some 

of these elevated values were downstream of the Cherryville WWTP, while others appeared to 

be due largely to the presence of livestock in or near the streams.  Fecal coliform bacteria were 

also elevated at several locations downstream of livestock operations. 

 

Distinguishing patterns among the sites represented some challenges since the range of results 

observed from all 20 sites for certain parameters was small and the maximum results for most 

parameters were not indicative of any water quality problems.  However, results did help reduce 

the number of possible monitoring locations for follow-up investigation to a more manageable 

size. 
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Table 1.  Types of data available prior to Spring 2008 for the LWP area (excerpted from NCDWQ 2008a).    

Station Location Latitude  Longitude 

Type of Data
1
 

Water 

Quality  

Field 

Meter 

Data Benthos Habitat  Fish 

Stream 

Flow 

Indian and Howardôs Creeks LWP Area 

Indian Cr. AMS (C5170000) 
Indian Creek at SR 1252 near 

Laboratory 
35.4227 81.2592 X X X X X - 

Indian Cr. Benthos Station Indian Creek at SR 1177 35.4281 81.3036 - X X X - - 

Howard's Cr. Benthos Station Howard's Cr. at SR 1200 35.4983 81.3406 - X X X - - 

Howard's Cr. Fish Monitoring 

Station 
Howard's Cr. at SR 1185 35.4961 81.3200 - X - X X - 

City of Cherryville  

Water Intake 

Indian Cr. below confluence with 

Mill Cr.  
35.4212 81.3683 X - - - - - 

USGS Gage & Water Quality 

Monitoring Station (USGS 

02143500) 

Indian Cr. about 1/2 mi. above SR 

1252 near Laboratory 
35.4210 81.2650 X X - - - X 

Other Regional Streams 

Jacob Fork AMS (C4370000) 
Jacob Fork at SR 1924 near 

Ramsey 
35.5906 81.5671 X - - - - - 

Dutchman's Cr. AMS 

(C3860000) 

Dutchman's Cr. at SR 1918 at 

Mountain Island 
35.3365 81.0133 X - - - - - 

Long Cr. AMS (C4040000) 
Long Cr. at SR 2042 near Paw 

Creek 
35.3285 80.9096 X - - - - - 

Long Cr. AMS (C5900000) 
Long Cr. at SR 1456 near 

Bessemer City 
35.3052 81.2326 X - - - - - 

Twelve Mile Cr. AMS 

(C9819500) 

Twelve Mile Cr. at NC16 near 

Waxhaw 
34.9523 80.7558 X - - - - - 

1
A ñ-ñ denotes the absence of data. 
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Overview of Water Quality Monitoring  

Approach to Monitoring Site Selection 

 

Monitoring sites summarized in Table 2 and depicted in Figure 4 were chosen to meet the goals 

listed below as described in the monitoring plan developed by WAT (NCDWQ 2008c).  Leepers 

Creek was selected as the reference site for this study because it was the regional biological 

reference site used by BAU for benthic macroinvertebrate assessments for Southern Outer 

Piedmont streams.    

Monitoring Goals 

 

The objectives of the continuing monitoring activities were to:  

 Address the biological impairment of lower Indian Creek, with the goal of identifying 

specific stressors that may be causing the impairment and determining their sources;  

 Characterize and compare water quality conditions among the Indian Creek and 

Howardôs Creek watersheds and a biological reference stream; 

 Identify sources of pollution and determine their impacts on water quality;  

 Compare water quality in the urbanized subwatersheds with those in rural watersheds; 

 Determine whether or not water quality standards/action levels are being violated in the 

Indian and Howardôs Creek watersheds, particularly above the source water intake for the 

City of Cherryville; 

 Find potential locations for implementation of Best Management Practices (BMPs), 

stream and wetland restoration/enhancement projects, and preservation opportunities. 

 

Table 2 shows, for 37 locations, the various types of data collection that were conducted during 

the entire LWP monitoring.  It includes benthic sampling, habitat assessments and water 

chemistry sampling, including both baseflow and stormflow. 
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Table 2.  Sites evaluated during reconnaissance and monthly monitoring conducted between April 2008 and March 2009.   
M
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A
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e
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d
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d
 C

h
e
m

is
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y6
  

(s
to

rm
fl
o

w
) 

1 Indian Cr at SR1252 (Laboratory Road) 35.4228 -81.2593 W, B W, B R, M R
7
, M . Q 

4 Indian Cr at SR1177 (Pleasant Grove Ch Rd ) 35.4285 -81.3030 B W, B R, M R
7
, M . . 

5 Leonard Fork at SR1180 (George Brown Rd) 35.4339 -81.3296 W W R R
7
 . . 

6 Indian Cr at SR1169 (Crouse Road) 35.4248 -81.3281 . W R R
7
 . . 

7 Indian Cr SR1002 (Bud Black Rd) 35.4130 -81.3445 . . R . . . 

8 UT to Indian Cr at SR1636 (Robert Road) 35.4062 -81.3494 . W R, Q R
7
 Q . 

9 Lick Fork at SR1637 (Tot Dellinger Rd) 35.4145 -81.3706 W W R R
7
 . . 

10 Mill Cr at SR1168 (Johnstown Road) 35.4248 -81.3830 W W R R
7
 . . 

11 Indian Cr at SR1168 (Johnstown Road) 35.4271 -81.3716 W, B W, B R, M R
7
, M . . 

12 Mill Cr at SR1158 (Fish Pond Road) 35.4271 -81.3987 . W R R
7
 . . 

13 UT to Mill Cr SR1158 (Fish Pond Rd) 35.4224 -81.4011 . . R . . . 

14 Mill Cr at NC182 35.4364 -81.4118 . . R . . . 

15 Mill Cr at SR1150 (Bess Chapel Ch Rd) 35.4455 -81.4190 . W R R
7
 . . 

18 Little Cr at SR1150 (Bess Chapel Ch Rd) 35.4764 -81.4128 W W R R
7
 . . 

19 Indian Cr at NC27  35.4903 -81.4010 W W R R
7
 . . 

20 Indian Cr at SR1129 (Beam Lumber Rd) 35.5099 -81.4091 . W R, Q R
7
 Q . 

21 Little Indian Cr at SR1129 (Beam Lumber Rd) 35.5093 -81.4130 W, B W, B R, Q R
7
 Q . 

22 Indian Cr at SR1113 (Reeps Grove Church Rd) 35.5381 -81.4152 . . R . . . 

23 Indian Cr at SR1124 (Palm Tree Church Rd) 35.5628 -81.4368 . . R . . . 

24 Rockdam Cr at NC27  35.4711 -81.3038 . W R . . . 

27 Tanyard Cr at SR1113 (Reepsville Road) 35.5135 -81.3372 W W R, Q R
7
 Q . 

28 UT to Tanyard Cr at SR1113 (Reepsville Rd) 35.5127 -81.3400 . . R . . . 
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Table 2.  Sites evaluated during reconnaissance and monthly monitoring conducted between April 2008 and March 2009.   
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29 Howardôs Cr at SR1200 (Alf Hoover Road) 35.4983 -81.3406 W, B W, B R, M R
7
, M . Q 

30 Howards Cr at SR1198 (Bill Sain Rd) 35.5202 -81.3878 . . R . . . 

31 Howardôs Cr at SR1113 (Reeps Grove Ch Rd) 35.5406 -81.3996 W W R R
7
 . . 

none Leeperôs Cr at SR1354 (Asbury Ch Road) ï biol. ref. 35.4988 -81.1465 B W, B R, Q R
7
 Q . 

33 UT to Howards Cr SR1200 (Alf Hoover Rd) 35.4913 -81.3386 . . R R
7
 . . 

34 Mill Cr SR1166 (Ishmael Beam Rd) 35.4247 -81.3899 . . R . . . 

35 UTN to Mill Cr at NC274  35.4180 -81.4102 . . R . . . 

36 UTS to Mill Cr at NC274 35.4177 -81.4101 . . R . . . 

37 UTN to Mill Cr at SR1647 (Fisher Rd) 35.4182 -81.4254 . . R . . . 

38 Lick Fork at SR1642 (Requa Rd) 35.4073 -81.3820 . . R . . . 

39 Leonard Fork at SR1190 (Guy Heavner Rd) 35.4669 -81.3545 . . R . . . 

40 Rockdam Cr at SR1186 (Howards Cr School Rd) 35.4720 -81.3257 . . R . . . 

41 Indian Cr Landfill W UT (near Tot Dellinger Rd) 35.4164 -81.3609 . . R . . . 

44 Lick Fork confl. Indian Cr (near Tot Dellinger Rd) 35.4173 -81.3625 . . R . . . 

46 Indian Cr above WW discharge (near Tot Dellinger Rd) 35.4173 -81.3625 . . R . . . 
1
 Map point ï refers to a numbered point on the maps.  Missing map points ( 2, 3, 16, 17, 25, 26, 32, 42, 43, and 45) represent locations that were visited but for 

which no data were collected.
 

2
 Abbreviations: W = WAT assessments; B= BAU assessments; R = reconnaissance; M = monthly; Q = quarterly. 

3
 Field measurements include: dissolved oxygen, % oxygen saturation, pH, specific conductance, and water temperature.   

4
 Nutrients (NH3, NO2 + NO3, TKN, total P), TSS, fecal coliform bacteria, turbidity, and Cu. 

5
 Total P, (NH3, NO2 + NO3, fecal coliform bacteria, and Cu. 

6
 Nutrients (NH3, NO2 + NO3, TKN, total P), TSS, fecal coliform bacteria, turbidity, and selected metals (Cu, Mn, Ni, Pb, and Zn) 

7
 Reconnaissance (preliminary) chemistry included nutrients (NH3, NO2 + NO3, TKN, total P), TSS, fecal coliform bacteria, turbidity, and ten metals (Al, As, Cd, 

Cu, Fe, Pb, Mn, Hg, Ni, and Zn), minerals (Ca, Mg, Na, and K), and anions (Cl
-
 and SO4

-2
).
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Description of Monitoring Sites 

 

A brief description of the monitoring locations and the reasoning behind each selection is 

provided in Table 3.  This table includes all 20 sites at which water samples were collected for 

laboratory analysis during either the reconnaissance or regular LWP monitoring.  Ten of the 

reconnaissance sites (5, 6, 9, 10, 12, 15, 18, 19, 31, and 33) were dropped after the initial 

reconnaissance (i.e. preliminary) monitoring was completed.  Also, not included in this table are 

17 additional sites (shown on Figure 4) at which only one set of field measurements was taken.   

 

Table 3.  Description of monitoring locations, reasons for sampling, and sampling activities. 

Map 

Point Classification Description, reasons for sampling, and sampling activities 

1 
WS- IV 

Impaired 

Indian Creek at SR1252 (Laboratory Road).  This location had the most 

existing chemistry and biological data at the beginning of the LWP 

process, and is the site of a USGS gage and NCDWQ Ambient 

Monitoring Station.  Chemistry, benthic macroinvertebrates and habitat 

sampled during LWP monitoring.   

4 
WS-IV 

Impaired. 

Indian Creek at SR1177 (Pleasant Grove Church Road).  This location 

had existing data for benthic macroinvertebrates and habitat; land use 

primarily agriculture and forest.  Chemistry and habitat sampled during 

LWP monitoring, and benthic invertebrates sampling attempted but 

abandoned due to unsuitable habitat.  

5 C 

Leonard Fork at SR1180 (George Brown Road).  Tributary to lower 

Indian Creek; land use primarily agriculture and forest.  No existing 

data.  Preliminary chemistry, habitat and benthic macroinvertebrate 

sampling done as part of LWP monitoring.   

6 
WS-IV 

Impaired 

Indian Creek at SR1169 (Crouse Road).  Immediately downstream of 

Cherryville WWTP discharge; no existing data; land use primarily 

agriculture and forest.  Preliminary chemistry, habitat and benthic 

macroinvertebrate sampling done as part of LWP monitoring.   

8 C 

UT to Indian Creek at SR1636 (Robert Road).   Tributary drains portion 

of Cherryville and a dairy farm.  No existing data.  Chemistry, habitat 

and benthic macroinvertebrates sampled during LWP monitoring.   

9 C 

Lick Fork at SR1637 (Tot Dellinger Road).  Tributary to Indian Creek 

that drains a portion of Cherryville.  No existing data.  Preliminary 

chemistry and habitat done during LWP monitoring.   

10  
WS-II  

HQW 

Mill Creek at SR1168 (Johnstown Road).  Tributary to Indian Creek just 

upstream from Cherryville Water Intake; drainage includes large dairy 

farm.  No existing data.  Preliminary chemistry, habitat and benthic 

macroinvertebrates sampled during LWP monitoring.  
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Table 3.  Description of monitoring locations, reasons for sampling, and sampling activities. 

Map 

Point Classification Description, reasons for sampling, and sampling activities 

11 
WS-II  

HQW 

Indian Creek at SR1168 (Johnstown Road).  Location just upstream 

from Cherryville Water Intake; sand dredging immediately upstream; 

land use primarily agriculture and forest.  No existing data.  Chemistry 

and habitat done during LWP monitoring.  

12  
WS-II  

HQW 

Mill Creek at SR1158 (Fish Pond Road).  Location upstream from dairy 

farm; land use primarily agriculture and forest.  No existing data.  

Preliminary chemistry and habitat done during LWP monitoring.   

15 
WS-II  

HQW 

Mill Creek at SR1150 (Bess Chapel Church Road).  Most upstream 

location on Mill Creek; land use primarily agriculture and forest.  No 

existing data.  Preliminary chemistry and habitat done during LWP 

monitoring.   

18 
WS-11 

HWQ 

Little Creek at SR1150 (Bess Chapel Church Road).  Tributary to Indian 

Creek; land use primarily agriculture and forest.  No existing data.  

Preliminary chemistry and habitat done during LWP monitoring. 

19 
WS-II  

HQW 

Indian Creek at NC27.  Upstream of West Lincoln High School WWTP 

discharge plus non-point inputs; land use primarily agriculture and 

forest.  No existing data.  Preliminary chemistry sampled during LWP 

monitoring.   

20 
WS-II  

HQW 

Indian Creek at SR1129 (Beam Lumber Road).  Upstream of confluence 

with Little Indian Creek; land use primarily agriculture and forest.  No 

existing data.  Chemistry, habitat and benthic macroinvertebrate 

sampling done during LWP monitoring.   

21 
WS-II  

HQW 

Little Indian Creek at SR 1129 (Beam Lumber Road).  Tributary to 

upper Indian Creek; land use primarily agriculture and forest.  No 

existing data.  Chemistry, habitat and benthic macroinvertebrate 

sampling done during LWP monitoring.   

24 C 

Rockdam Creek at NC27.  Tributary to lower Howardôs Creek; land use 

mostly low density residential and agriculture.  No existing data.  

Chemistry and habitat done during LWP monitoring.   

27 C 

Tanyard Creek at SR1113 (Reepsville Road).  Tributary to upper 

Howardôs Creek; land use primarily agriculture and forest.  No existing 

data.  Chemistry and habitat done during LWP monitoring.   

29 C 

Howardôs Creek at SR1200 (Alf Hoover Road).  Existing data on 

benthic macroinvertebrates, fish and habitat.  Land use primarily 

agriculture and forest, with sand dredging immediately upstream.  

Chemistry, habitat and benthic macroinvertebrates done during LWP 

monitoring.   
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Table 3.  Description of monitoring locations, reasons for sampling, and sampling activities. 

Map 

Point Classification Description, reasons for sampling, and sampling activities 

31 C 

Howardôs Creek at SR1113 (Reeps Grove Church Road).  Most 

upstream location on Howardôs Creek; land use primarily agriculture 

and forest.  No existing data.   Preliminary chemistry, habitat and 

benthic macroinvertebrates sampled during LWP monitoring.   

none C 

Leeperôs Creek at SR1354 (Asbury Church Road).  [Biological 

Reference Location for the Southern Outer Piedmont ecoregion --Not 

within the LWP area or on the maps].  Was chosen because existing 

data on benthic macroinvertebrates indicating very good water quality, 

but no water chemistry data were available.  Land use primarily 

agriculture and forest, but early stages of residential development.  

Chemistry, habitat and benthic macroinvertebrates sampled during LWP 

monitoring.   

33 C 

UT to Howardôs Creek at SR1200 (Alf Hoover Road).  A small, 

apparently clean tributary; land use primarily agriculture and forest.  No 

existing data.  Reconnaissance chemistry only during LWP monitoring. 

 

METHODS 

Chemical and Physical Monitoring and Analysis 

 

Field measurements included water temperature (°C), dissolved oxygen (mg/L and % saturation), 

specific conductance (µS/cm at 25°C), and pH (S.U.).  All measurements were made in situ in a 

representative point of the channel that was well-mixed and flowing, generally at or near the 

thalweg.  Meter calibrations and measurements were performed in accordance with the NCDWQ 

Standard Operating Procedures (SOP; NCDWQ, 2006b). 

 

Samples for chemical analysis included nutrients (nitrite + nitrate nitrogen, ammonia nitrogen, 

total Kjeldahl nitrogen and total phosphorus) total suspended residue, turbidity, metals 

(aluminum, arsenic, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel, 

potassium, sodium and zinc), sulfate and chlorides.  Samples were collected for fecal coliform 

bacteria as well.  A detailed list of parameters, reporting limits, water quality standards and 

action levels is provided in Appendix B.  All  samples were collected in accordance with the 

NCDWQ SOP (NCDWQ, 2006b) and were handled, preserved, and analyzed in accordance with 

NCDWQ Laboratory Section requirements outlined in their Sample Submission Guidance and 

Quality Assurance Manual (NCDWQ, 2005).  All samples were collected as grab samples by 

direct fill of sample bottles by immersion.    Samples were taken during base flow conditions 

(defined as >48 hours since the last measurable rain event) or during storm events. 

 

Base flow chemistry sampling began in October 2008 and continued on a monthly basis through 

March 2009 at four locations and quarterly at five locations (Table 2).   One storm event was  
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Figure 4.  Locations of water chemistry monitoring stations in the Indian Creek and Howardôs 

Creek LWP Area.   

Numbers on map correspond to the map points in Table 2. 
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sampled, in December 2008 at Laboratory Road on Indian Creek and Alf Hoover Road on 

Howardôs Creek. Results of all laboratory analyses for each location are provided in Appendix C. 

 

North Carolina has a set of regulations that specify the minimum standards for the waters of the 

state (NC Environmental Management Commission 2007).  These water quality standards may 

be narrative, but more commonly are numerical criteria (e.g., maximum allowable in-stream 

concentrations).  For certain constituents (such as copper, iron, silver, and zinc), firm numerical 

standards are not in place as actual toxicity to aquatic organisms can vary dependent on 

additional factors, such as water hardness.  In these cases the numerical criteria are referred to as 

action levels.  

 

The NC water quality standards and action levels vary in accordance with the specified use of the 

water body in question (Appendix B).   Certain uses, such as primary recreation or water 

supplies, require more stringent standards than others, such as aquatic life support.  The uses of a 

water body are designated by a stream classification assigned by the NCDWQ [see 

http://h2o.enr.state.nc.us/csu/swc.html].  The state has inventoried the waters of the state, 

assigned a unique identifier (ñindex numberò) to each reach, and assigned it a stream 

classification.  Data shown and discussed in this summary will be compared with NC water 

quality standards and action levels for all parameters for which standards or action levels exist.   

Biological Monitoring  

 

Sampling, identification, and interpretation of results for benthic macroinvertebrate communities 

were performed by NCDWQ Biological Assessment Unit (BAU) biologists with support from 

WAT staff members in accordance with BAU Standard Operating Procedures for Benthic 

Macroinvertebrates (NCDWQ 2006c).  Sites were sampled by either Full Scale, Qual4 or 

Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera (caddisflies) or EPT methods.  

The methods are based on the number and type of benthic habitats sampled.   

 

For biological communities, NCDWQ has developed systems for rating streams based on the 

community structure found.  Water quality ratings or bioclassifications are based on a biotic 

index (NCBI).  The NCBI for a sample is a summary measure of the tolerance values of 

organisms found in the sample, relative to their abundance.   

 

Sites for this project which are within the Southern Outer Piedmont ecoregion were assigned 

bioclassifications using Piedmont criteria.  The more tolerant the macroinvertebrate community 

is to pollutants, the higher the tolerance score will be.  This score is combined with the EPT taxa 

richness (number of different species) scores to produce a final bioclassification.  Final 

bioclassifications of streams include Poor, Fair, Good-Fair, Good, and Excellent, though small 

watersheds (<3 sq. mi.) may be rated Not Impaired or Not Rated.   The EPT Biotic Index (EPT 

BI) is calculated from the tolerance values used in the NCBI but is only determined for EPT 

species.  It is determined to assist with water quality interpretations and is not used to determine 

the final bioclassification rating.  The details of these biotic indices are described fully in the 

BAU SOP (NCDWQ 2006c).   

 

http://h2o.enr.state.nc.us/csu/swc.html


 21 

Benthic macroinvertebrate communities and habitat assessments were conducted at six sites in 

October 2008 by the NCDWQ Biological Assessment Unit (BAU).  WAT biologists also 

sampled 11 locations for benthic macroinvertebrates in June 2008. 

Habitat Assessments 

 

Habitat assessments were performed using the standard BAU form for the Piedmont/Mountains 

included in the benthic macroinvertebrate SOP (NCDWQ, 2006c).  Assessments were made 

concurrently with benthos sampling by BAU staff, and by WAT staff at other locations and times 

that did not coincide with BAU sampling.  These assessments usually are done with input from a 

team of two to three field biologists after completing sampling.  Additional habitat assessments 

were done by ENTRIX, Inc., an NCEEP consultant to the LWP, at locations across the LWP 

area.   

 

In addition to the habitat assessments completed by NCDWQ at 18 sites within the LWP 

watershed area, ENTRIX (a consultant) completed assessments at an additional 51 sites 

(ENTRIX 2009).  These sites were chosen primarily as potential restoration sites, thus some of 

the scores were extremely low.  Although some scores were low, the NCDWQ and ENTRIX 

data were compared to determine if there were any statistical differences between the means.  

There were none, thus the NCDWQ and ENTRIX data were combined, resulting in a robust 

dataset representing 66 sites throughout the Indian and Howardôs creek watersheds.  ENTRIX 

assessed habitat at three sites in the Middle South Fork watershed, but these data were not used 

in any summaries. 

Quality Assurance/Quality Control 

 

In addition to field meter calibration procedures and sample collection protocols described above 

in the chemical and physical monitoring section, duplicate samples were collected at one location 

in base flow and storm conditions and analyzed for the same parameters listed above.  Duplicate 

samples are those that are collected along with stream samples at a monitoring location so that 

identical samples are collected at the same time and place.  They are handled and treated as 

actual stream samples and analyzed for the same parameters as its twin. Duplicate samples test 

laboratory precision.   

 

Quality control and assurance practices followed by BAU biologists are described in Standard 

Operating Procedures for Benthic Macroinvertebrates (NCDWQ, 2006c). 

 

RESULTS AND DISCUSSION 

Chemical and Physical Water Quality 

 

This section discusses notable chemical and physical data collected from each monitoring 

location.  These data will be used to compare water quality conditions between subwatersheds 

and to identify sources of contaminants. These data will also be used as indicators of potential 

stressors to water quality functions and the benthic community as presented in the section that 

follows.  Appendix C provides a graphical representation of all laboratory and field results.   
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Base Flow Monitoring 

Field Measurements   

 

Field readings of water temperature, pH, dissolved oxygen and specific conductance were within 

acceptable values (unless otherwise noted) and met NCDWQ water quality standards where 

applicable.  These data are provided in Appendix C.     

 

Specific conductance.  North Carolina water quality standards do not exist for specific 

conductance.  However, it is useful as a general measure of stream water quality. Most 

streams tend to have relatively constant ranges of conductance that, once established, can be 

used as baselines for comparison purposes.  Subsequent significant changes in conductance 

within a stream then can be used as an indicator of a new discharge or other source of 

pollution or chemical stressors within that stream.   

 

Specific conductance data presented in Figure 5 show the median values for each location 

sampled in 2008 and 2009 including watershed reconnaissance and monthly/quarterly 

sampling.  The most apparent spatial pattern is that most locations in the headwater and 

upper reaches of these streams had lower specific conductance than more downstream 

locations.  Lower Indian Creek, downstream of the Cherryville WWTP, had consistently 

higher values than headwater areas, but even these values were not remarkably high when 

compared with those observed in five other regional Piedmont streams (median value = 95 

µS/cm; NCDWQ 2008a).   Values were highest in lower Indian Creek during August 2008 

when stream flow was lowest, providing minimal dilution of the wastewater discharge.   

 

As mentioned above, review of existing AMS data from lower Indian Creek from 1980 

through 2007 revealed few water quality problems, however specific conductance and pH 

were higher downstream from the Cherryvilleôs WWTP discharge into Indian Creek than 

further upstream.  These impacts were markedly reduced starting in 2004, when industrial 

facilities in Cherryville reduced or terminated operation.  Data from this location in 2008 and 

2009 were similar to the post-2004 AMS data. 

 

Other streams within the LWP area, not impacted by any known wastewater discharges, that 

also had specific conductance levels above the grand mean (64 µS/cm) for the LWP area 

were Rockdam Creek, Leonard Fork, UT to Indian Creek at SR1636, Lick Fork Creek and 

one location on Mill Creek.  These streams (except Mill Creek) are in the lower part of the 

watershed where residential and commercial development is becoming more intense (Figure 

2).  This type of development is generally accompanied by increases in non-point source 

pollution. 

 

Specific conductance at the biological reference location on Leepers Creek (median = 69 

µS/cm) was very close to the grand mean (64 µS/cm) of all the other LWP locations.  These 

data and those for the regional streams indicate that specific conductance observed within the 

LWP area is well within the range commonly found in other streams within the region 

(median = 95 µS/cm).  Other field measurements taken at Leepers Creek similarly were in 

the midrange of those in the LWP area (Appendix C). 
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Figure 5.  Specific conductance during baseflow conditions.   

Median specific conductance for 5 regional creeks (95 µS/cm) and Leepers Creek (69 

µS/cm). Numbers on map correspond to the map points in Table 2.   
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Figure 6.  Baseflow pH, including median values and individual values lower than 6.0 SU. 

Median pH for 5 regional creeks (7.0 SU) and Leepers Creek (7.0 SU).  Numbers on map 

correspond to the map points in Table 2.   






































































































