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CHAPTER 1

Introduction

The North Bosque River watershed encompasses about 3,140 square kilometers (1,210 
square miles) in north central Texas and extends from Erath County, where its 
headwaters initiate just north of Stephenville, to Waco, Texas where the river enters 
Lake Waco (Figure 1). The North Bosque River includes Segments 1226 and 1255, 
which are recognized by the Texas Commission on Environmental Quality (TCEQ) in 
assessment of water quality.

Figure 1 Classified stream segments along the North Bosque River. 
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Assessment of Springtime Contributions to the North Bosque River Watershed
In 1996, the State of Texas Water Quality Inventory indicated that nonpoint source 
loadings associated with elevated nutrient and fecal coliform levels were the most 
serious threat to meeting designated uses within Segments 1226 and 1255. In 1998, 
Segments 1226 and 1255 were included in the Clean Water Act Section 303(d) list for 
Texas as impaired water bodies and scheduled for development of total maximum 
daily loads (TMDLs). These two segments were listed under narrative water quality 
criteria related to nutrients and aquatic plant growth. Within the TMDL process, 
soluble reactive phosphorus (SRP) was identified as the nutrient limiting algal 
growth in the North Bosque River and concentrated animal feeding operations were 
identified as the most controllable nonpoint source contributing SRP to the North 
Bosque River (TNRCC, 2001). In 2001 over 90 dairy operations were active in the 
North Bosque River watershed comprising nearly 45,000 total cows in confinement. 
Most dairy operations were and are still currently located within the upper third of 
the watershed (Figure 2). 

Figure 2 Location of dairies within the North Bosque River watershed.
Represents active dairies as of October 2001.
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 Chapter 1  Introduction
In February 2001, the Texas Commission on Environmental Quality (TCEQ) adopted 
TMDLs for SRP in Segments 1226 and 1255 that were approved by EPA in December 
2001. These TMDLs require about a 50 percent reduction in loading and concentration 
of soluble reactive phosphorus, depending on the location along the river. The 
Implementation Plan for these TMDLs was approved by the Texas State Soil and 
Water Conservation Board (TSSWCB) on January 16, 2003, and by the TCEQ on 
December 13, 2002 (TCEQ & TSSWCB, 2002). Although the TMDL process did not 
directly consider bacteria with regard to supporting the use of contact recreation, 
many of the control practices for phosphorus outlined in the Implementation Plan 
should also help reduce bacterial loadings to the North Bosque River. 

While the Implementation Plan has now been in place about five years, the draft 2008 
Texas Water Quality Inventory assessment prepared by the TCEQ pursuant to the 
Clean Water Act Section 305(b) continues to indicate impairments associated with 
bacteria and concerns associated with nutrient enrichment and algal growth on 
stream segments in the North Bosque River watershed. Improvements in water 
quality are often difficult to assess, particularly with regard to the impact of land 
management practices on nonpoint source runoff. The basis for this project is to 
provide assessment activities in the North Bosque River watershed to support the 
Texas State Soil and Water Conservation Board (TSSWCB) and local Soil and Water 
Conservation Districts (SWCDs) in efforts to reduce agricultural nonpoint source 
(NPS) pollution loadings. This project represents a continuation of an effort outlined 
in the TMDL Implementation Plan using a microwatershed approach to target water 
quality monitoring and agricultural producer assistance to help reduce phosphorus 
loadings to the North Bosque River. This specific effort focuses on monitoring 
microwatersheds to target areas needing BMP implementation associated with 
springtime manure and fertilizer applications.

Manure and fertilizer are often applied in the spring to provide nutrients for crop 
growth and development. Recommended fertilization dates for crops commonly 
grown within the North Bosque River watershed are April and May for 
bermudagrass pasture and March through June for sorghum, depending on the 
planting date (Bethel et al., 2006). Within the upper portion of the North Bosque River 
watershed, where most of the dairy operations are located, spring and early summer 
rains can be quite heavy and intense contributing potentially large amounts of runoff 
from agricultural fields to streams and tributaries. Historically, May is the month with 
the greatest rainfall (Figure 3). In an evaluation of historical flow data for 
microwatershed stream sites in the North Bosque River watershed, generally over 50 
percent of streamflow occurs in March through June, representing a time period 
when nutrients are more likely to be transported from the land to stream water. For 
purposes of this report, the months March through June are considered spring to 
encompass the time period of spring fertilizer application and the heavier rainfall 
patterns that often occur through May and June.
3
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Figure 3 Long-term (1971-2000) average monthly rainfall for Stephenville, Texas.
(Source: National Weather Service).

Within the TMDL Implementation Plan for the North Bosque River (TCEQ and 
TSSWCB, 2002), two strategies specifically address nutrient application. The first 
addresses comprehensive nutrient management planning with the goal that waste 
management by dairies and other facilities minimize phosphorus loading to the 
stream system. The second addresses the removal of manure from concentrated 
animal feeding operations (CAFOs) for disposal outside the watershed via 
composting. To evaluate improvements associated with Implementation Plan 
practices, such as nutrient management of manure and fertilizer, focused monitoring 
and assessment efforts were implemented to evaluate springtime contributions of 
nutrients and bacteria. This monitoring uses a microwatershed-based approach to 
help target areas for producer assistance in development of comprehensive nutrient 
management plans (CNMPs) and implementation of management practices within 
individual plans. Trend analysis was used to evaluate for improvements in 
springtime concentrations of nutrients, total suspended solids (TSS), and bacteria at 
these microwatershed stream sites.
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CHAPTER 2

Site Information

Location and Sampling History
Twenty sampling sites were associated with the project (Table 1 and Figure 4), 
although data from only 18 sites are presented in this report. Data from sites GC025 
and WB050 were not analyzed, because these two sites were not installed until 
December 2007 and had limited data (Table 1). Although data from sites GC025 and 
WB050 were not evaluated for this report, these sites were monitored as part of the 
project in anticipation of future projects in collaboration with the TSSWCB. Sites 
GB025 and GB040 on Goose Branch were not directly monitored during the project 
but were included in the data evaluation based on historical or non-direct data. 

Table 1 Sampling history for monitoring sites in the North Bosque River watershed.

Site TCEQ ID Watershed and General Location Date of First 
Grab Sample

Date of First 
Automatic 

Storm Sample
AL020 17604 Alarm Creek at FM 914 14-May-01 05-Sep-01
DB035 17603 Dry Branch near FM 8 02-Apr-02 05-Feb-02
DC040 17607 Duffau Creek at FM 2481 16-Apr-01 07-May-01
GB020 17214 Unnamed tributary to Goose Branch between CR 541 

and CR 297
11-May-95 05-May-95

GB025a

a. Sampling at GB025 and GB040 was terminated in May 2007.

17213 Unnamed tributary to Goose Branch near end of CR 
297 12-Feb-97 19-May-97

GB040a 17215 Goose Branch downstream of FM 8 12-Feb-97 06-Feb-97
GC025 20534 Green Creek downstream of FM 847 28-Jan-08 25-Jan-08
GC045 17609 Green Creek upstream of SH 6 16-Apr-01 26-May01
GM060 17610 Gilmore Creek at bend of CR 293 05-Feb-01 31-Aug-01
HY060 17611 Honey Creek at FM 1602 16-Apr-01 04-May-01
IC020 17235 Indian Creek downstream of US 281 08-Jun-94 18-Oct-93b

b. Storm sampling suspended 03-Mar-98 to 03-May-2001 at IC020 and SP020 and 03-Mar-98 to 12-May-2001 at SC020.

LD040 17608 Little Duffau Creek at FM 1824 14-May-01 31-Aug-01
LG060 17606 Little Green Creek at FM 914 14-May-01 14-Jul-01
NF009 17223 Unnamed tributary of Scarborough Creek at CR 423 18-Apr-91 16-May-92c

c.  Automated sampler at NF009 was offline from 25-Mar-98 through 12-Jun-98. 

NF020 17222 North Fork North Bosque River Scarborough Creek at 
CR 423

30-Oct-91 19-May-92

NF050 17413 North Fork of North Bosque River at SH 108 04-Apr-91d

d. Storm sampling at NF050 suspended from 09-Feb-97 to 04-May-01 and grab sampling suspended 06-May-97 through April 
2001. In April 2001, grab sampling was reinitiated at NF050, but no samples were collected until April 2002 due to dry 
conditions.

07-Jun-91d

SC020 17240 Sims Creek upstream of US 281 21-Sep-94 17-Jan-95b

SF085 17602 South Fork of North Bosque River at SH 108 30-Apr-01 26-May-01
SP020 17242 Spring Creek at CR 271 08-Jun-94 20-Oct-93b

WB050 20533 Walker Branch at FM 927 28-Jan-08 26-Jan-08
5
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Figure 4 Location of sampling sites showing delineation of microwatersheds.

All sampling sites were labeled using a five character alphanumeric code. The first 
two letters specify the tributary or river on which the site was located (e.g., AL for 
Alarm Creek), while the last three digits indicate the relative location of the site. 
Lower numeric values indicate sites nearer the headwaters, while larger numeric 
values indicate sites further downstream on a given creek or stream. 

Land Use and Drainage Areas
Sampling sites were located mainly in the upper third of the North Bosque River 
watershed to focus on nonpoint contributions from dairy waste application fields 
(Figure 2). Although waste application fields were a focus, sites were chosen to 
represent the diversity of land uses within the upper portion of the watershed 
ranging from primarily wood and rangeland, such as the land area above sites 
GM060 and SP020, to highly impacted microwatersheds, such as GB020 and NF020, 
to allow comparison between different land uses (Table 2). The most recent land-use 
information available was based on classification of satellite imagery from 2001 
through 2003 conducted by the Spatial Sciences Laboratory of the Texas Agricultural 
Experiment Station (Narasimhan et al., 2005). Information on animal waste 
6



 Chapter 2  Site Information
application fields compiled by TIAER from review of TCEQ permit information was 
used to supplement the satellite imagery classification. The location of animal waste 
application fields was based on detailed information obtained in 2000 from TCEQ 
records that was updated in the fall of 2007. The updated information on waste 
application fields includes milking and non-milking operations, although milking 
operations represent over 80 percent of the concentrated animal feeding operations 
(CAFOs) and animal feeding operations (AFOs) in the watershed. Cow density was 
estimated from TCEQ inspection records and other sources for some non-permitted 
facilities reviewed in the fall of 2007. Records from the Texas Department of State 
Health Services were also used to determine which dairy operations were actively 
milking.

The size of the drainage area above each sampling site was delineated using 30-meter 
digital elevation models created from United States Geological Survey 1:24,000 
topographic maps (Table 2). Drainage areas for sampling sites were calculated using 
the AVSWAT 2000 extension in ArcView (DiLuzio et al., 2002). Of note, the drainage 
area values for specific sites may differ some from those in TIAER reports prior to 
January 2002 because of changes in the GIS system and the calculation method used 
to determine these areas.

Table 2 Most recent land use and drainage area information for sampling sites.
Land-use information based on classification of satellite imagery from 2001 through 2003 
(Narasimhan et al., 2005). Information on animal waste application fields and estimated cow 
density represent values as of fall 2007 based on TCEQ records.

Site
Wood & 
Range 

(%)
Pasture 

(%)
Cropland 

(%)

Animal 
Waste App. 

Fieldsa
(%)

a. Animal waste application fields represent estimates for milking and non-milking operations.

Urban or 
Impervious 
Surfaces

(%)

Other
(%)

Total Area 
(Hectares)

Estimated 
Cow 

Density 
(cows/ha)b

b. Cow numbers represent estimated values for 2007 based primarily on TCEQ inspection information for milking and non-
milking animal feeding operations. For non-permitted operations without inspected values, head count was estimated as 
70 percent of the maximum or 140 for dairy operations (maximum 199) and 210 head for non-dairy operations (maximum 
299).

AL020 31.9 45.0 7.8 11.7 2.8 0.8 4,720 0.49
DB035 23.3 45.6 11.3 14.3 3.5 2.0 2,130 0.58
DC040 51.8 27.0 5.6 13.8 1.3 0.4 6,250 0.44
GB020 25.1 22.6 5.8 40.0 4.7 1.8 440 6.71
GB025 18.5 17.6 5.3 54.3 3.2 1.2 660 4.44
GB040 10.0 31.8 21.0 31.1 5.2 1.0 540 3.18
GC025 26.5 55.3 9.8 5.8 1.6 0.9 6,610 0.33
GC045 31.1 49.1 8.6 7.8 2.4 0.9 11,900 0.60
GM060 55.9 35.8 1.1 5.8 1.1 0.3 4,410 0.34
HY060 63.6 28.4 2.6 4.2 0.7 0.4 11,800 0.50
IC020 36.7 35.1 6.7 19.3 1.7 0.5 1,740 1.28
LD040 33.2 26.9 7.2 31.3 0.3 1.0 2,960 1.54
LG060 38.9 40.2 8.6 10.3 1.0 1.0 4,260 0.77
NF009 30.8 49.8 2.7 13.5 2.8 0.4 520 0.38
NF020c

c. About 8 hectares (20 acres) or about 1 percent of the drainage area above site NF020 is permitted for septic disposal.

19.6 33.7 2.4 41.3 1.9 1.0 800 2.15
NF050 23.4 47.8 7.4 17.7 2.8 0.8 8,370 0.47
SC020 44.5 27.5 5.2 20.3 2.0 0.5 1,900 0.21
SF085 28.2 37.7 11.8 16.7 4.5 1.1 12,900 0.82
SP020 65.0 33.1 1.3 0.0 0.3 0.2 1,560 0
WB050 77.2 20.3 1.9 0.0 0.3 0.3 2,220 0
7
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CHAPTER 3

Methods

Sample Collection
Because of the highly intermittent nature of these microwatershed sampling sites, 
storm sampling was emphasized, although routine grab samples were also collected 
to supplement storm data. Although direct data for this project covers only samples 
collected between March and June 2008, historical or non-direct data followed similar 
sample collection and analysis methods as outlined below. Data used in this report 
focuses on storm samples collected between 2001 and 2008 in the spring as defined by 
events in the months of March, April, May, and June of each year.

Nutrient and TSS Sampling
Storm sampling for nutrients and TSS was accomplished using an Isco 4230 or 3230 
bubbler type flow meter in conjunction with an Isco 3700 sampler. Each flow meter 
recorded water level at five-minute intervals by measuring the pressure required to 
force an air bubble through a 3 mm (0.125 inch) polypropylene tube. The automated 
sampler would begin sampling when a water level rise of approximately 4 cm (0.12 ft) 
occurred. Once activated the sampler would retrieve one-liter sequential samples. 
The typical sampling sequence for most sites was:

• An initial sample

• Three samples taken at one-hour intervals

• Four samples taken at two-hour intervals

• All remaining samples taken at six-hour intervals

For a few sites with larger watershed areas (HY060, NF050, and SF085), the sampling 
sequence was modified to allow for a more extended hydrograph. The sampling 
sequence at these sites was as follows:

• An initial sample

• One sample taken at a one-hour interval

• One sample taken at a two-hour interval

• One sample taken at a three-hour interval

• One sample taken at a four hour interval

• One sample taken at a six-hour interval

• All remaining samples taken at eight-hour intervals
9



Assessment of Springtime Contributions to the North Bosque River Watershed
Samples from individual storm events by site were composited on about a daily basis 
using a flow-weighting strategy. The flow-weighting strategy used stage data 
recorded during a storm, the rating curve developed for each site, and a TIAER-
developed computer program. During sample collection, stage data were uploaded 
from data loggers to portable computers, then downloaded at TIAER headquarters 
for use with the computer program. The program reads the stage level associated 
with the time interval for each sample collected at a site, correlates the stage to flow 
using the site's rating curve, and calculates the amount of flow associated with each 
water sample taken during the storm event. For a group of bottles, the program 
would then designate the amount to be taken from each bottle to compose a one-liter 
composite based on the relative volume of flow associated with each bottle within the 
group. This flow-weighting strategy allowed a reduction in sample load without 
compromising the intended use of the data in determining storm loadings of 
waterborne constituents and storm-event mean concentrations. 

If a site had storm samples prior to development of a rating curve, a relative 
discharge based on standard hydrologic relationships was calculated as the wetted 
cross-sectional area of the stream site times the square root of water level for flow-
weighting of samples. Stage-discharge relationships were developed for most sites 
from manual wading-type flow measurements taken at various water level 
conditions following USGS methods (Buchanan and Somers, 1969). Stage-discharge 
relationships for stages that permitted safe wading were extrapolated using the cross-
sectional area and a least-squares relationship of average stream velocity to the log of 
water level. At sites LD040 and LG060, samplers and flow meters were located within 
road culverts. For LD040 and LG060, mathematical fluid mechanics equations were 
used to estimate flow from culvert flow equations. Of note, site NF009 was moved 
upstream in February 2006 due to bridge construction work near the site. While 
efforts were made, insufficient flow measurements were collected at the new location 
to establish a new rating curve for NF009. A provisional rating curve based on the 
cross-sectional area used in conjunction with general hydrologic equations was 
applied to samples collected at the new NF009 location for flow-weighting of samples 
and determining event mean concentrations.

Routine grab sampling was also performed on a biweekly basis when flow was 
present to supplement storm sampling. Routine grab samples were not collected at 
sites that were dry or pooled. Because of the highly intermittent nature of these 
stream sites, they were often not flowing when routine grab samples were collected, 
thus, necessitating the focus on storm water monitoring.

Bacteria Sampling
Because sterile conditions are needed for collecting bacteria, using the automated 
sampling equipment for bacteria was impractical. Most bacteria samples were 
collected as routine grab samples, although starting in 2007, storm monitoring of 
bacteria was added to help characterize bacteria levels in these highly intermittent 
stream systems. All bacteria samples were collected as manual grab samples using 
sterile plastic bottles and analyzed for Escherichia coli (E. coli). 
10



 Chapter 3  Methods
Constituent and Analysis Methods
Ammonia-nitrogen (NH3-N), nitrite-nitrogen plus nitrate-nitrogen (NO2-N+NO3-N), 
total Kjeldahl nitrogen (TKN), PO4-P or SRP, total-P (total P), and total suspended 
solids (TSS) were evaluated for both routine grab and storm samples (Table 4). In 
storm and routine grab samples E. coli was analyzed. For non-direct data collected 
prior to April 2004, E. coli was analyzed using plating techniques. In April 2004, the 
analysis method for E. coli was changed to the IDEXX Colilert method.

Left censored data indicated as below the reporting limit (RL) were entered into the 
database as one-half the RL following recommendations by Gilliom and Helsel (1986) 
and Ward et al. (1988). Prior to 2003, method detection limits (MDLs) were used as the 
reporting limit. Starting in 2003, some TIAER projects, but not all, started to require 
ambient water reporting limits (AWRLs) set by TCEQ as data reporting limits. TIAER 
has continued to evaluate MDLs as part of good laboratory practice, but has shifted to 
using AWRLs for most projects unless another reporting limit is specified by the 
project sponsor for a constituent. To minimize problems associated with varying 
reporting limits over time, the maximum reporting limit was identified for each site 
by constituent for the time period evaluated. For consistency, all values below half the 
maximum reporting limit were set equal to half the maximum reporting limit prior to 
statistical evaluation.

Table 3 Constituents and methods of analysis for water quality samples.

Constituent Abbreviation Units Analysis 
Methoda

a. EPA refers to Methods for Chemical Analysis of Water and Wastes (USEPA, 1983). SM refers to the Standard Methods for the 
Examination of Water and Wastewaters, 18th edition (APHA, 1992).

Description

Ammonia-
nitrogen

NH3-N mg/L EPA 350.1
Inorganic form of nitrogen that is readily 

soluble and available for plant uptake. 
Elevated levels are toxic to many fish species.

Nitrite-nitrogen 
+ nitrate-
nitrogen

NO2-N+
NO3-N

mg/L EPA 353.2

Inorganic form of nitrogen that is readily 
soluble and available for plant uptake. 

Considered the end product in the conversion 
of N from the ammonia form to nitrite then to 

nitrate under aerobic conditions.
Total Kjeldahl 

nitrogen
TKN mg/L

EPA 351.2
modifiedb

b. Modification of TKN and TP methods involved using copper sulfate as the catalyst instead of mercuric oxide.

Organic and ammonia forms of nitrogen are 
included in TKN.

Orthophosphate-
phosphorus

PO4-P or SRP mg/L EPA 365.2

Inorganic form of phosphorus that is readily 
soluble and available for plant uptake. 

Soluble reactive phosphorus (SRP) is another 
name for this constituent.

Total phosphorus Total-P mg/L
EPA 365.4
modifiedb

Represents both organic and inorganic forms 
of phosphorus.

Total suspended 
solids

TSS mg/L EPA 160.2
Measures solid materials, such as clays, silts, 
sand, and organic matter, suspended in the 

water column.

Escherichia coli E. coli

colonies/100 mL, 
colony forming 
units/100 mL or 

MPN (most 
probable number)/

100 mL

SM 9222G or 
SM 9223-Bc

c. Analysis of E. coli was changed from SM 9222G (a plating technique) to SM 9223-B (IDEXX Colilert) in April 2004. Data 
presented in units of colonies/100 mL or cfu/100 mL in this report.

Indicator of public health hazards from 
infectious microorganisms
11
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For E. coli, there were some right censored values or values greater than could be 
measured given the dilution range used by the lab. The maximum value was 
generally 242,000 colonies/100 mL. Right censored values greater than 242,000 
colonies/100 mL were entered for data analysis with a value of 242,000, unless a 
higher maximum value was indicated based on the specific dilution series analyzed.

Statistical Methods

Event Mean Concentrations for Nutrients and TSS
For nutrients and TSS, event mean concentrations were calculated by accumulating 
the mass via rectangular integration using a midpoint rule to associate concentration 
with streamflow for each storm (Stein, 1977). Instantaneous 5-minute stage readings 
were used as the minimum measurement interval to indicate flow in cubic feet per 
second (cfs) and multiplied by 300 seconds to obtain flow for each 5-minute interval. 
The flow associated with each 5-minute interval was multiplied by the associated 
water quality concentration and summed across the event to calculate the total 
constituent loadings. Total constituent loadings were divided by total storm volume 
to calculate EMCs. Storm events were evaluated based on sampling information and 
visual assessments of the hydrograph to determine if adequate data were available to 
represent the storm event. For events with complete data, basic statistics were 
calculated for storms monitored in the spring months of March, April, May, and June 
between 2001 through 2008. The years 2001 through 2008 represent a period after 
initiation of the TMDL Implementation Plan for the North Bosque River when 
improvements in water quality are anticipated.

Bacteria Data
Storm bacteria data occurred primarily during 2007 and 2008. Although historical 
storm grab data for bacteria exist prior to 2007, these historical storm grab data were 
available only for 6 of the 18 sampling sites and occurred primarily in 2003 and 2004. 
Routine grab samples were, thus, emphasized in the analysis of trends for bacteria 
data to avoid over-weighting specific years with storm bacteria samples. Routine 
grab data for bacteria samples collected in March, April, May and June between 2002 
and 2008 were used for trend analysis. Only very few, if any, routine grab samples 
were collected in 2001, so data collected in 2001 were not included. Individual 
samples were associated with the instantaneous flow based on stage recording and 
developed rating curves for each site.

Trend Analysis Using Kendall’s Tau
To evaluate for improvements in spring stormwater quality between 2001 and 2008, 
trend analysis was performed using the nonparametric Kendall’s tau test statistic as 
described in Reckhow et al. (1993). The Kendall’s tau test was used to evaluate for 
trends, because it is suitable for water quality data that show non-normal 
distributions, contain missing data, and contain censored values below method 
12



 Chapter 3  Methods
detection or reporting limits (Gilbert, 1987; Hirsch and Slack, 1984). Data were 
summarized on a monthly basis for trend analysis. For nutrients and TSS, the 
calculated volume and nutrient loading for all events occurring within a given month 
at a given site were summed and loadings were divided by the total monthly stream 
volume to obtain a monthly volume-weighted concentration. For E. coli, monthly 
flow-weighted averages were calculated for routine grab samples based on the 
associated instantaneous flow for each sample.

As part of the data processing for trend analysis, monthly concentrations were 
plotted versus volume or flow and relationships were evaluated using locally 
weighted regression and smoothing scatterplots (LOWESS). The volume or flow of 
water in a stream can have a distinct impact on water quality concentrations. Often in 
systems impacted primarily by nonpoint sources, concentrations will increase with 
increasing flow. The opposite may occur in systems primarily impacted by point 
sources with dilution or decreasing concentrations occurring with increasing flow. To 
remove the variation in concentration associated with flow prior to trend analysis, 
data were adjusted based on the residuals from LOWESS relationships as outlined by 
Helsel and Hirsch (1992).

The Kendall’s tau test for trends is based on the rank order of the data. Data are 
ordered according to year (or season) and comparisons are made between data-pair 
concentrations at year = t and year = t + 1. An increasing trend exists when 
significantly more data pairs increase than decrease; a decreasing trend exists when 
significantly more data pairs decrease than increase; and if pairs decrease and 
increase at a the same frequency, no trend exists. The null hypothesis tested was that 
there was no temporal trend in concentration of water quality constituents. The slope 
calculated gives the magnitude of the trend and is interpreted as the change in 
concentration per year on a natural log scale. The slope in original units was 
computed from the slope on the natural log scale as follows (Helsel and Hirsch, 1992):

% change/yr = (eb - 1)*100

Where “e” is the base of the natural logarithm, which approximately equals 2.7183; 
and “b” is the slope for the natural log transformed data. The level of significance 
used to test the null hypothesis was 0.05. 
13
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CHAPTER 4

Results and Discussion

Basic statistics for storm events were derived from event mean concentrations for 
nutrients and TSS and for individual samples for E. coli (Appendix A). Hydrographs 
for the study period are shown in Appendix B. Detailed statistical results of the 
Kendall’s tau analysis for trends are presented in Appendix C.

Water Quality Trends

Nutrients and TSS
For nutrients and TSS, a number of decreasing trends were indicated, but only at 7 of 
the 18 sites (Table 4). Decreasing trends in phosphorus were indicated at four sites, 
although only site GB020 indicated decreases in both PO4-P and total-P (Table 4). Sites 
GB020 and GM060 showed decreases in PO4-P, and sites DB035, GB020, and GB025 
showed decreases in total-P. For nitrogen constituents, decreasing trends were 
identified for NH3-N at site IC020; for NO2-N+NO3-N at sites GB020, GB025, and 
GB040; and for TKN at site DB035 (Table 4). Decreasing trends in TSS were noted at 
sites AL020 and DB035. 

Table 4 Summary of trends in nutrients and TSS for storm events during spring months
(March-June) between 2001 and 2008. Data transformed using a natural log transformation 
and adjusted for volume prior to trend analysis. Trends indicated as significant at a p-value of 
0.05. If blank, no trend was indicated.

Site PO4-P Total-P NH3-N NO2-N+NO3-N TKN TSS
AL020 decreasing
DB035 decreasing decreasing decreasing
DC040
GB020 decreasing decreasing decreasing
GB025 decreasing decreasing
GB040 decreasing
GC045
GM060 decreasing
HY060
IC020 decreasing
LD040
LG060
NF009
NF020
NF050
SC020
SF085
SP020
15
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In comparison to previous trends analysis of storms during all months for 2001 
through 2007 (Millican and McFarland, 2008), more decreasing trends were indicated 
when all months were evaluated (Table 5), although a couple of increasing trends 
were also indicated. In comparing results between Tables 4 and 5, comparable 
decreasing trends were indicated only for PO4-P at GM060, total-P at GB020, and 
NO2-N+NO3-N at site GB025. These differences occur in part due to the different 
timeframes evaluated with regard to years and months included, but also due to 
variability in the system largely related to differences in precipitation and runoff 
patterns, which will be discussed later in the report.

Bacteria
Although routine grab data were fairly sparse over the monitoring period, trends 
were evaluated for all sites but GB020, GB025, GB040, and NF009. Sites GB020, 
GB025, and GB040 were excluded, because only six or fewer routine grabs were 
collected between March and June of 2002-2008 at these sites (see Appendix A). Site 
NF009 was excluded because calculations of instantaneous flow for flow-adjustment 
were more uncertain for routine samples collected after February 2006, when the site 
was moved upstream due to bridge construction work. Most sites indicated no trend 
in bacteria concentrations for springtime grab samples collected between 2002 and 
2008. Data for 2001 were excluded from the trend analysis, because most sites had few 
or no grab samples collected in 2001 due to very dry weather conditions leading to a 
lack of flow. Only two sites showed significant trends. Site SF085 showed increasing 
trends for bacteria (Figure 5), while site GC045 showed a decreasing trend for bacteria 
(Figure 6). 

Table 5 Summary of trends in nutrients and TSS for storms during all months 2001-2007.
Data transformed using a natural log transformation and adjusted for volume prior to trend 
analysis. Trends indicated as significant at a p-value of 0.05. If blank, no trend was indicated. 
Results originally presented in Millican and McFarland (2008).

Site PO4-P Total-P NH3-N NO2-N+NO3-N TKN TSS
AL020
DB035 decreasing
DC040
GB020
GB025 decreasing
GB040 decreasing
GC045
GM060 decreasing decreasing decreasing decreasing
HY060 decreasing
IC020 decreasing decreasing
LD040 increasing
LG060 decreasing
NF009
NF020 decreasing decreasing decreasing decreasing
NF050
SC020 decreasing decreasing decreasing decreasing decreasing
SF085 increasing
SP020 decreasing
16



 Chapter 4  Results and Discussion
Figure 5 Box and whisker plot of monthly average E. coli concentrations for SF085 by year
for routine grab samples. Data transformed using a natural log transformation and flow-
adjusted.

Figure 6 Box and whisker plot of monthly average E. coli concentrations for GC045 by year
for routine grab samples. Data transformed using a natural log transformation and flow-
adjusted.
17
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Discussion

Changes in Land Use
One of the major factors impacting runoff and loadings from a watershed is land use. 
The land-use information presented earlier in this report (Table 2) represents 
conditions during the monitoring period (2001 - 2008) compiled primarily from 
satellite images from 2001 through 2003 and a review of CAFO permit information in 
the fall of 2007. This land-use information primarily represents conditions just after 
passage of the TMDL Implementation Plan in 2002 with more recent updates on 
CAFOs. Earlier land-use information, developed from satellite images from 1992 and 
1996 supplemented with ground verification in 1998 and dairy CAFO permit 
information as of May 2000 (Table 6), has often been used to represent pre-TMDL 
conditions (e.g., Millican and McFarland, 2008). While these classifications do not 
capture detailed changes in management, they provide a broad indication of changes 
in land management over time.

Table 6 Historical land use and drainage information for sampling sites.
Land-use information based on classification of satellite imagery from 1992 through 1996 
updated in 1998 based on ground-truthing. Information on animal waste application fields 
represents values as of May 2000. Estimated cow numbers represent values as of fall 2000 
based on TCEQ records.

Site
Wood & 
Range 

(%)
Pasture 

(%)
Cropland 

(%)

Dairy 
Waste App. 

Fieldsa
(%)

a. Dairy waste application fields represent estimates for milking operations only.

Urban 
(%)

Other
(%)

Total Area 
(Hectares)

Estimated 
Milking 
Cow 

Density 
(cows/ha)b

b. Cow numbers represent estimated values for 2000 based primarily on TCEQ inspection information for milking operations. 
For non-permitted operations without inspected values, head count was estimated as 70 percent of the maximum or 140 
head out of a maximum of 199 head.

AL020 57.6 23.0 7.4 11.4 0.7 0.0 4,720 0.59
DB035 46.2 24.1 12.8 14.0 2.3 0.6 2,130 0.07
DC040 72.5 4.8 7.1 14.9 0.6 0.0 6,250 0.31
GB020 40.6 17.7 0.6 40.6 0.6 0.0 440 5.92
GB025 29.5 13.5 0.6 55.9 0.5 0.0 660 3.95
GB040 21.1 4.8 4.9 30.2 0.7 0.1 540 3.41
GC045 61.5 22.2 8.4 6.4 0.9 0.5 11,900 0.38
GM060 78.1 13.3 2.8 5.7 0.1 0.0 4,410 0.44
HY060 71.7 12.9 12.3 2.9 0.1 0.1 11,800 0.28
IC020 64.9 16.8 6.1 11.8 0.3 0.0 1,740 0.99
LD040 59.3 5.4 5.5 29.6 0.1 0.1 2,960 1.82
LG060 66.2 16.7 9.4 7.1 0.1 0.5 4,260 0.65
NF009 58.4 27.2 11.4 2.7 0.2 0.0 520 0.0
NF020c

c. About 8 hectares (20 acres) or about 1 percent of the drainage area above site NF020 is permitted for septic disposal.

29.7 14.2 3.3 52.6 0.1 0.1 800 2.28
NF050 45.6 34.1 8.3 11.2 0.3 0.6 8,370 0.45
SC020 68.7 9.4 1.4 20.0 0.1 0.4 1,900 0.21
SF085 50.6 26.5 5.6 14.3 2.2 0.7 12,900 0.53
SP020 82.6 12.0 5.2 0.0 0.1 0.1 1,560 0.0
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 Chapter 4  Results and Discussion
Earlier land-use estimates (Table 6) were compared to more recent estimates (Table 2). 
All sites showed decreases in the percent of land area associated with wood and 
range and increases in the percent of land associated with improved pasture. The 
drainage area above site GB040 was an exception with a decrease in the percent 
pasture that was primarily offset by an increase in the percent cropland. The percent 
of land area associated with waste application fields had only minor changes except 
for above NF020, which showed a decrease of about 11 percent. Of note, the historical 
land-use information for waste application fields represents just dairy waste 
application fields (Table 6). More recent values include estimates for dairies and some 
newer beef feeding operations within the watershed as well as waste application 
fields associated with the Microgy biogas digester facility north of Stephenville that 
started operation in mid-2007 (Table 2). In 2007, over 80 percent of the CAFOs and 
AFOs in the watershed were milking operations. All sites showed increases in urban 
land as represented by cities but also homesteads, barns and roads; however, these 
increases represented a relatively small percentage of the drainage area for each site.

The main land-use change was about a 20 percent shift on average from wood and 
range to improved pasture within each microwatershed. While generally very little or 
no fertilizer is applied to wood or rangeland, improved pasture is often fertilized. 
This apparent change in land use would seem to indicate a potential increase in 
fertilizer usage, although annual records for commercial fertilizer sold from the 
Association of American Plant Food Control Officials for Erath County indicate a 
decline in the sale of nitrogen and phosphorus fertilizer (Figure 7). Commercial 
fertilizer sales of nitrogen have declined about 20 percent, while phosphorus sales 
have declined about 40 percent. The headwaters of the North Bosque River watershed 
are located largely within Erath County, thus, it is assumed that commercial fertilizer 
sales for Erath County would reflect sales within the watershed.

Figure 7 Annual sales of commercial fertilizer for Erath County for 1990-2005.
Phosphorus represented as elemental P, not P2O5. Source: The Association of American Plant 
Food Control Officials (AAPFCO).
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The decrease in commercial fertilizer sales supports the goals of TMDL 
Implementation Plan activities associated with nutrient application. An extensive 
effort has been made within the watershed to provide outreach to landowners, 
particularly dairy operators, to update water quality management plans (WQMPs) 
and develop comprehensive nutrient management plans (CNMPs) to include 
practices for nutrient management. An assistance program conducted by the 
TSSWCB through local SWCDs helped prepare 31 WQMPs between 2002 and 2005 for 
landowners within the North Bosque River watershed (McFarland and Millican, 
2006). The most frequent conservation practices noted involved pasture planting, 
brush removal (chemical and mechanical), fencing, and water development via ponds 
and wells. While these WQMPs were not generally specific to dairy operations, these 
practices should help improve nutrient management in the watershed through better 
land use and improved flexibility in water management for crop and animal 
production. With regard to CNMPs as of 2006, only 12 had been certified since 
initiation of the TMDLs. Encouragingly, in 2007, an additional 34 CNMPs were 
certified for CAFOs in the North Bosque River watershed. Although the TMDL 
Implementation Plan for the North Bosque River was approved in 2002, the political 
and social climate for a variety of reasons, including litigation between the City of 
Waco and the Dairy Industry, has caused delays in the adoption of new practices by 
producers, but those delays now appear to be largely overcome. 

While the slow adoption of WQMPs and CNMPs is one factor delaying 
improvements in water quality, it should be noted that changes in water quality 
associated with nonpoint source contributions often lag changes in land 
management, because of residual impacts from past management practices (Clausen 
et al., 1992; Meals, 1992, 1996; Nikolaidis et al., 1998). The length of this time lag can 
vary greatly, particularly with regard to phosphorus, based on whether the soil itself 
is acting as a sink or source of phosphorus (Sharpley, 1995; Sharpley and Rekolainen, 
1997). 

Several other factors also determine the success of nutrient management practices on 
stream water quality within a drainage area. These factors include not only the type 
and number of practices implemented, but the effectiveness of management (Meals, 
1992; Bottcher et al., 1995), land-use type (Wang, 2001, Fisher et al., 2000), chemical 
and hydrologic factors (Sharpley et al. 1999; Moog and Whiting, 2002), length of 
monitoring (Clausen et al., 1992), and level of farmer participation (Meals, 1992). 
Most of these factors can be controlled when designing field plot studies, and 
therefore, a desired result can be obtained within a reasonable period of time. On the 
watershed or even subwatershed scale, it is often difficult to control these 
confounding factors, and changes in water quality generally occur more gradually 
even with fairly abrupt changes in land management. As examples of confounding 
factors within the microwatersheds monitored, the inspected number of cows (Figure 
8) and the amount of manure hauled to composting facilities (Figure 9) varied notably 
from year to year.
20
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Figure 8 Temporal variation in estimated cow numbers in microwatersheds
above sampling sites.

Figure 9 Temporal changes in manure hauled within microwatersheds
above sampling sites. Data for 2000 and 2007 represent only a couple of months in each year 
rather than full years of haul-off, because the haul-off began in November 2000 and ended in 
February 2007.

Although year to year variations in cow numbers and the amount of manure hauled 
can confound results, previous studies have shown improvements in water quality 
associated with the composting program (Millican and McFarland, 2008; Bekele et al., 
2006). Declines of over 20 percent in soluble reactive phosphorus have been indicated 
in microwatersheds with the highest levels of manure removed when normalized for 
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cow density and watershed area (Bekele et al., 2006). The Dairy Manure Export 
Support (DMES) program provided financial incentives to commercial manure 
haulers to transport raw manure from dairies to commercial composting facilities 
(TSSWCB, 2007). Between November 2000 and February 2007, about 700,000 tons of 
dairy manure were hauled to composting facilities from within the North Bosque 
River watershed. 

In conjunction with the DMES program, the TCEQ provided oversight of commercial 
compost facilities and aided with marketing and promotional efforts to export 
compost from the watershed, most notably by providing rebates to Texas State 
agencies that used the manure compost through the Compost Manure Incentive 
Project (CMIP; TCEQ, 2007). State and federal support of the composting program is 
now over. Funding for CMIP ended in August 2006 and for the DMES project in 
February 2007, but it is anticipated that dairy producers will continue to use 
composting facilities as a method for manure management. A recent review of 
proposed dairy CAFO permits found that most producers are planning to haul 
manure to composting facilities as a method for manure management.

Variability in Weather and Runoff Patterns
Although data were volume- or flow-adjusted prior to trend analysis, this adjustment 
accounts for only a portion of the variability associated with the transport nutrients 
and TSS via rainfall-runoff. The timing of rainfall events with management practices, 
antecedent rainfall conditions, and the intensity of rainfall associated with any given 
storm event will impact the amount of runoff and, thus, loadings associated with a 
given event. Annual rainfall varied greatly between 2001 and 2007 with only three 
years exceeding the long-term average of 32 inches per year (Figure 10). On average, 
precipitation in March through June represents about 40 percent of the total annual 
rainfall. For all years but 2001 and 2007, the amount of rain in March through June 
varied from 35 to 49 percent of total rainfall. Exceptions occurred in 2001, when 
March through June represented only 21 percent of total rainfall, and in 2007, when 
March through June represented over 63 percent of total rainfall. Of note 2008 
represents only a partial year containing precipitation records only through June 
(Figure 10).

Between spring months rainfall also indicated a fair amount of variability with the 
lowest amount of 0.4 inches occurring in April 2001 and the largest amount of 10.5 
inches occurring in June 2007 (Figure 11). While annual rainfall totals were fairly 
comparable for 2004 and 2007, notably higher spring precipitation occurred in 2007 
(Figures 10 and 11). In contrast, total precipitation was higher in 2001 than in 2005, but 
spring rainfall amounts were fairly comparable. Of note, rainfall in the spring of 2007 
caused flooding conditions throughout much of the North Bosque watershed. Site 
GM060 was washed downstream from its base, and site HY060 was completely under 
water and inoperable for a time due to runoff from heavy rains in June 2007. Of note, 
the region of the watershed above Stephenville had much less rainfall and runoff than 
the region between Stephenville and Hico during the spring of 2007 (see Millican and 
McFarland, 2008), so variability in rainfall at different locations within the watershed 
will cause differences in response patterns between stream sites.
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Figure 10 Spring rain as part of annual precipitation for Stephenville, Texas.
Note: 2008* represents only January through June. Source: National Weather Service.

Figure 11 Variability in monthly precipitation March through June by year for Stephenville,
Texas. Source: National Weather Service.
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Changes in land use and variability in weather patterns between years make it 
difficult to assess improvements in nonpoint source pollution runoff when evaluated 
over a relatively short time period (seven years). Some improvement is occurring, but 
continued monitoring with continued implementation of control practices should 
show more clearly improvements in water quality.
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CHAPTER 5

Summary and Conclusions

Springtime nutrient and TSS concentrations for storm events were analyzed for 
trends at 18 microwatershed sites within the North Bosque River watershed between 
2001 and 2008. Decreasing trends in phosphorus were indicated at four sites and for 
nitrogen constituents at six sites. Trends in routine grab samples analyzed for E. coli 
were evaluated for data collected between 2002 and 2008 for springtime samples. 
Bacteria indicated significant decreases at one site and increases at another, but 
generally showed no trend. 

Although trends in water quality were not indicated at most sites during the time 
period evaluated, all significant trends, except one for bacteria, showed 
improvements in water quality. While it is difficult to directly relate improvements in 
water quality to TMDL Implementation Plan nutrient management activities, 
decreases in nutrient loadings appear to be occurring within the watershed. The 
manure composting program has clearly been related to decreases in nutrient water 
quality at sites with high level of haul-off in other studies (Bekele et al., 2006), and 
although nutrient management planning has been slow in implementation for a 
variety of reason, the approval of WQMPs and CNMPs has increased significantly in 
recent years. There is an expected lag time between implementation of land 
management practices and improvements in water quality due to factors, such as 
spatial and temporal variability in weather and the implementation of management 
practices, that can confound detection of trends, particularly when dealing with 
relatively short periods of time. Continued monitoring is anticipated and encouraged 
at these sites to more fully evaluate success in TMDL Implementation Plan activities.
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APPENDIX A

Summary Statistics for Storm Events
and Bacteria Data

Nutrient and TSS data analyses represent storms evaluated during the months of 
March through June beginning in 2001 through 2008. Basic statistics for nutrients and 
TSS were calculated on event mean concentrations for events rather than individual 
samples. Basic statistics for bacteria data summarize routine grab samples collected 
during the months of March through June from 2002 through 2008. Exact dates of 
data collected will vary by site based on monitoring history.

Table A–1 Summary statistics for site AL020 (N = number of events or samples).  

Table A–2 Summary statistics for site DB035 (N = number of events or samples). 

Site Constituent Mean Median Std Dev. Minimum Maximum N

AL020 PO4-P (mg/L) 0.297 0.268 0.229 0.001 0.915 46

AL020 Total-P (mg/L) 0.66 0.71 0.46 0.07 1.62 46

AL020 NH3-N (mg/L) 0.122 0.062 0.170 0.016 1.03 46

AL020 NO2-N+NO3-N (mg/L) 0.920 0.877 0.669 0.028 2.60 46

AL020 TKN (mg/L) 2.26 2.08 1.27 0.61 5.49 46

AL020 TSS (mg/L) 204 88 251 3 1000 46

AL020 E. coli (colonies/100ml) 11400 377 47000 27 230000 24

Site Constituent Mean Median Std Dev. Minimum Maximum N

DB035 PO4-P (mg/L) 0.598 0.527 0.574 0.061 4.21 49

DB035 Total-P (mg/L) 1.05 0.94 0.81 0.25 5.74 49

DB035 NH3-N (mg/L) 0.257 0.098 0.377 0.010 2.16 49

DB035 NO2-N+NO3-N (mg/L) 0.847 0.611 0.635 0.037 2.62 49

DB035 TKN (mg/L) 2.54 2.21 1.36 0.82 7.89 49

DB035 TSS (mg/L) 188 96 244 11 1180 49

DB035 E. coli (colonies/100ml) 9240 480 34000 77 141000 17
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Table A–3 Summary statistics for site DC040 (N = number of events or samples). 

Table A–4 Summary statistics for site GB020 (N = number of events or samples). 

Table A–5 Summary statistics for site GB025 (N = number of events or samples). 

No bacteria grab samples were collected at site GB025 during the period evaluated.

Table A–6 Summary statistics for site GB040 (N = number of events or samples). 

Site Constituent Mean Median Std Dev. Minimum Maximum N

DC040 PO4-P (mg/L) 0.093 0.064 0.088 0.003 0.370 47

DC040 Total-P (mg/L) 0.35 0.29 0.27 0.02 0.99 46

DC040 NH3-N (mg/L) 0.088 0.058 0.139 0.007 0.893 47

DC040 NO2-N+NO3-N (mg/L) 0.386 0.374 0.333 0.009 1.69 47

DC040 TKN (mg/L) 1.65 1.19 1.20 0.10 5.01 47

DC040 TSS (mg/L) 245 104 319 2 1370 47

DC040 E. coli (colonies/100ml) 2190 200 7570 36 38700 27

Site Constituent Mean Median Std Dev. Minimum Maximum N

GB020 PO4-P (mg/L) 2.65 2.38 1.31 0.952 5.94 25

GB020 Total-P (mg/L) 3.66 3.49 1.42 1.79 6.59 25

GB020 NH3-N (mg/L) 0.595 0.471 0.389 0.089 1.52 24

GB020 NO2-N+NO3-N (mg/L) 1.95 1.85 1.33 0.020 5.38 25

GB020 TKN (mg/L) 5.62 5.01 2.24 2.29 11.5 25

GB020 TSS (mg/L) 346 182 455 3 2060 25

GB020 E. coli (colonies/100ml) 35100 35100 37100 8820 61300 2

Site Constituent Mean Median Std Dev. Minimum Maximum N

GB025 PO4-P (mg/L) 1.46 1.56 0.725 0.265 3.18 26

GB025 Total-P (mg/L) 3.25 2.93 1.08 1.66 5.55 26

GB025 NH3-N (mg/L) 0.892 0.530 1.14 0.063 4.51 26

GB025 NO2-N+NO3-N (mg/L) 1.81 1.65 1.41 0.437 7.36 26

GB025 TKN (mg/L) 9.93 7.99 5.69 3.11 23.6 26

GB025 TSS (mg/L) 2190 848 2950 82 12200 26

GB025 E. coli (colonies/100ml) na* na na na na 0

Site Constituent Mean Median Std Dev. Minimum Maximum N

GB040 PO4-P (mg/L) 1.09 1.09 0.455 0.224 1.92 29

GB040 Total-P (mg/L) 2.99 2.20 2.03 0.90 9.39 29

GB040 NH3-N (mg/L) 0.641 0.47 0.454 0.137 1.73 29

GB040 NO2-N+NO3-N (mg/L) 4.67 2.67 5.28 0.157 18.4 29

GB040 TKN (mg/L) 9.19 6.17 8.07 1.81 36.5 29

GB040 TSS (mg/L) 2720 495 5430 72 23400 29

GB040 E. coli (colonies/100ml) 20900 9410 21100 4220 49300 6
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 Appendix A  Summary Statistics for Storm Events and Bacteria Data
Table A–7 Summary statistics for site GC045 (N = number of events or samples). 

Table A–8 Summary statistics for site GM060 (N = number of events or samples). 

Table A–9 Summary statistics for site HY060 (N = number of events samples). 

Table A–10 Summary statistics for site IC020 (N = number of events or samples). 

Site Constituent Mean Median Std Dev. Minimum Maximum N

GC045 PO4-P (mg/L) 0.128 0.105 0.115 0.001 0.421 49

GC045 Total-P (mg/L) 0.40 0.38 0.29 0.03 1.14 49

GC045 NH3-N (mg/L) 0.107 0.070 0.105 0.008 0.421 49

GC045 NO2-N+NO3-N (mg/L) 3.52 1.23 5.37 0.076 22.0 49

GC045 TKN (mg/L) 1.87 1.77 1.11 0.17 4.93 49

GC045 TSS (mg/L) 210 78 290 2 1360 49

GC045 E. coli (colonies/100ml) 561 278 718 96 2540 20

Site Constituent Mean Median Std Dev. Minimum Maximum N

GM060 PO4-P (mg/L) 0.256 0.204 0.245 0.002 0.741 43

GM060 Total-P (mg/L) 0.41 0.36 0.33 0.02 1.18 43

GM060 NH3-N (mg/L) 0.077 0.049 0.077 0.007 0.303 43

GM060 NO2-N+NO3-N (mg/L) 0.188 0.149 0.196 0.004 0.832 43

GM060 TKN (mg/L) 1.20 1.12 0.71 0.06 2.76 43

GM060 TSS (mg/L) 85 45 129 1 576 43

GM060 E. coli (colonies/100ml) 549 39 1660 4 7270 24

Site Constituent Mean Median Std Dev. Minimum Maximum N

HY060 PO4-P (mg/L) 0.024 0.013 0.027 0.001 0.134 45

HY060 Total-P (mg/L) 0.15 0.11 0.13 0.02 0.74 45

HY060 NH3-N (mg/L) 0.041 0.030 0.037 0.008 0.206 45

HY060 NO2-N+NO3-N (mg/L) 0.405 0.207 0.542 0.008 2.73 44

HY060 TKN (mg/L) 0.81 0.75 0.62 0.08 3.04 45

HY060 TSS (mg/L) 74 30 112 1 614 45

HY060 E. coli (colonies/100ml) 127 87 124 14 579 24

Site Constituent Mean Median Std Dev. Minimum Maximum N

IC020 PO4-P (mg/L) 0.549 0.578 0.347 0.021 1.36 47

IC020 Total-P (mg/L) 1.08 1.08 0.52 0.11 1.99 47

IC020 NH3-N (mg/L) 0.248 0.153 0.277 0.018 1.39 47

IC020 NO2-N+NO3-N (mg/L) 1.30 1.05 1.00 0.028 4.54 47

IC020 TKN (mg/L) 3.52 3.40 1.46 1.18 6.73 47

IC020 TSS (mg/L) 402 189 441 26 1750 47

IC020 E. coli (colonies/100ml) 4040 615 7320 23 24900 19
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Table A–11 Summary statistics for site LD040 (N = number of events or samples). 

Table A–12 Summary statistics for site LG060 (N = number of events or samples). 

Table A–13 Storm event summary statistics for site NF009 (N = number of events). 

Table A–14 Summary statistics for site NF020 (N = number of events or samples). 

Site Constituent Mean Median Std Dev. Minimum Maximum N

LD040 PO4-P (mg/L) 0.554 0.564 0.234 0.169 1.04 32

LD040 Total-P (mg/L) 1.18 1.18 0.54 0.36 2.21 32

LD040 NH3-N (mg/L) 0.285 0.165 0.311 0.010 1.48 31

LD040 NO2-N+NO3-N (mg/L) 1.69 1.53 1.19 0.025 4.31 32

LD040 TKN (mg/L) 4.28 4.26 1.98 1.74 7.76 32

LD040 TSS (mg/L) 454 273 474 4 2150 32

LD040 E. coli (colonies/100ml) 9100 770 18500 112 64900 17

Site Constituent Mean Median Std Dev. Minimum Maximum N

LG060 PO4-P (mg/L) 0.120 0.122 0.077 0.005 0.309 25

LG060 Total-P (mg/L) 0.47 0.38 0.35 0.11 1.35 25

LG060 NH3-N (mg/L) 0.161 0.102 0.178 0.010 0.762 25

LG060 NO2-N+NO3-N (mg/L) 0.404 0.305 0.272 0.028 1.04 25

LG060 TKN (mg/L) 2.40 1.58 1.77 0.71 7.13 25

LG060 TSS (mg/L) 247 99 373 8 1430 25

LG060 E. coli (colonies/100ml) 4340 567 14200 63 64200 20

Site Constituent Mean Median Std Dev. Minimum Maximum N

NF009 PO4-P (mg/L) 0.305 0.309 0.174 0.002 0.773 39

NF009 Total-P (mg/L) 0.71 0.59 0.59 0.16 3.81 37

NF009 NH3-N (mg/L) 0.313 0.150 0.467 0.010 2.64 39

NF009 NO2-N+NO3-N (mg/L) 0.816 0.529 1.14 0.008 5.94 39

NF009 TKN (mg/L) 2.67 2.22 1.61 0.80 9.92 37

NF009 TSS (mg/L) 812 120 2530 13 12300 39

NF009 E. coli (colonies/100ml) 1820 765 2260 27 7050 21

Site Constituent Mean Median Std Dev. Minimum Maximum N

NF020 PO4-P (mg/L) 0.878 0.870 0.404 0.216 1.90 39

NF020 Total-P (mg/L) 1.84 1.63 0.95 0.45 4.28 39

NF020 NH3-N (mg/L) 0.350 0.231 0.383 0.019 1.83 38

NF020 NO2-N+NO3-N (mg/L) 1.19 0.710 0.910 0.306 3.90 39

NF020 TKN (mg/L) 5.16 4.25 2.88 1.44 12.4 39

NF020 TSS (mg/L) 499 370 455 18 2280 39

NF020 E. coli (colonies/100ml) 15300 649 42900 73 144000 11
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 Appendix A  Summary Statistics for Storm Events and Bacteria Data
Table A–15 Summary statistics for site NF050 (N = number of events or samples). 

Table A–16 Summary statistics for site SC020 (N = number of events or samples). 

Table A–17 Summary statistics for site SF085 (N = number of events or samples). 

Table A–18 Summary statistics for site SP020 (N = number of events or samples).

Site Constituent Mean Median Std Dev. Minimum Maximum N

NF050 PO4-P (mg/L) 0.486 0.462 0.235 0.099 1.33 42

NF050 Total-P (mg/L) 0.95 0.85 0.44 0.13 2.13 42

NF050 NH3-N (mg/L) 0.217 0.174 0.159 0.010 0.746 42

NF050 NO2-N+NO3-N (mg/L) 0.569 0.393 0.681 0.021 4.11 42

NF050 TKN (mg/L) 2.98 2.61 1.57 1.20 10.0 42

NF050 TSS (mg/L) 198 103 273 5 1275 42

NF050 E. coli (colonies/100ml) 14200 908 53700 54 242000 20

Site Constituent Mean Median Std Dev. Minimum Maximum N

SC020 PO4-P (mg/L) 0.126 0.084 0.112 0.006 0.505 46

SC020 Total-P (mg/L) 0.36 0.33 0.22 0.08 0.95 46

SC020 NH3-N (mg/L) 0.104 0.061 0.128 0.018 0.661 46

SC020 NO2-N+NO3-N (mg/L) 0.342 0.262 0.235 0.020 1.09 46

SC020 TKN (mg/L) 1.55 1.37 0.77 0.42 3.88 46

SC020 TSS (mg/L) 152 94 176 5 851 46

SC020 E. coli (colonies/100ml) 1800 435 3460 12 14700 25

Site Constituent Mean Median Std Dev. Minimum Maximum N

SF085 PO4-P (mg/L) 0.270 0.243 0.137 0.0.53 0.646 71

SF085 Total-P (mg/L) 0.57 0.47 0.43 0.10 2.93 71

SF085 NH3-N (mg/L) 0.147 0.078 0.264 0.008 1.86 71

SF085 NO2-N+NO3-N (mg/L) 0.434 0.377 0.276 0.007 1.35 71

SF085 TKN (mg/L) 1.83 1.55 1.36 0.10 9.59 71

SF085 TSS (mg/L) 171 61 272 2 1360 71

SF085 E. coli (colonies/100ml) 4720 451 19000 26 98000 26

Site Constituent Mean Median Std Dev. Minimum Maximum N

SP020 PO4-P (mg/L) 0.028 0.007 0.067 0.006 0.449 45

SP020 Total-P (mg/L) 0.14 0.10 0.15 0.06 1.00 45

SP020 NH3-N (mg/L) 0.034 0.020 0.030 0.018 0.172 45

SP020 NO2-N+NO3-N (mg/L) 0.088 0.044 0.101 0.028 0.531 45

SP020 TKN (mg/L) 0.69 0.45 0.55 0.25 2.84 45

SP020 TSS (mg/L) 68 25 108 5 526 45

SP020 E. coli (colonies/100ml) 480 74 1190 34 5040 24
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APPENDIX B

Record of Average Daily Flow for
Each Stream Site

Figure B–1 Average daily flow at AL020 for July1, 2001 through June 30, 2008.

Figure B–2 Average daily flow at DB035 for January 4, 2002 through June 30, 2008.
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Figure B–3 Average daily flow at DC040 for April 10, 2001 through June 30, 2008.

Figure B–4 Average daily flow at GB020 for January 1, 2001 through June 30, 2008.
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 Appendix B  Record of Average Daily Flow for Each Stream Site
Figure B–5 Average daily flow at GB025 for January 9, 2001 through June 8, 2007.
Site removed in early June 2007.

Figure B–6 Average daily flow at GB040 for January 1, 2001 through June 8, 2007.
Site removed in early June 2007.
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Figure B–7 Average daily flow at GC045 for April 9, 2001 through June 30, 2008. 

Figure B–8 Average daily flow at GM060 for March 7, 2001 through June 30, 2008. 
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 Appendix B  Record of Average Daily Flow for Each Stream Site
Figure B–9 Average daily flow at HY060 for April 5, 2001 through June 30, 2008.

Figure B–10 Average daily flow at IC020 for January 24, 2001 through June 30, 2008. 
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Figure B–11 Average daily flow at LD040 for June 6, 2001 through June 30, 2008.

Figure B–12 Average daily flow at LG060 for June 6, 2001 through June 30, 2008.
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 Appendix B  Record of Average Daily Flow for Each Stream Site
Figure B–13 Average daily flow at NF009 for January 1, 2001 through June 30, 2008*.

*Site NF009 was relocated on February 15, 2006 due to bridge construction on the county road and as a 
result flow data from February 15, 2006 through December 31, 2007 are provisional and subject to 
change.

Figure B–14 Average daily flow at NF020 for January 1, 2001 through June 30, 2008.

0.01

0.1

1

10

100

1-
Ja

n-
01

1-
A

pr
-0

1
1-

Ju
l-0

1
1-

O
ct

-0
1

1-
Ja

n-
02

1-
A

pr
-0

2
1-

Ju
l-0

2
1-

O
ct

-0
2

1-
Ja

n-
03

1-
A

pr
-0

3
1-

Ju
l-0

3
1-

O
ct

-0
3

1-
Ja

n-
04

1-
A

pr
-0

4
1-

Ju
l-0

4
1-

O
ct

-0
4

1-
Ja

n-
05

1-
A

pr
-0

5
1-

Ju
l-0

5
1-

O
ct

-0
5

1-
Ja

n-
06

1-
A

pr
-0

6
1-

Ju
l-0

6
1-

O
ct

-0
6

1-
Ja

n-
07

1-
A

pr
-0

7
1-

Ju
l-0

7
1-

O
ct

-0
7

1-
Ja

n-
08

1-
A

pr
-0

8
1-

Ju
l-0

8

A
ve

ra
ge

 D
ai

ly
 F

lo
w

 (c
fs

)

0.01

0.1

1

10

100

1-
Ja

n-
01

1-
A

pr
-0

1
1-

Ju
l-0

1
1-

O
ct

-0
1

1-
Ja

n-
02

1-
A

pr
-0

2
1-

Ju
l-0

2
1-

O
ct

-0
2

1-
Ja

n-
03

1-
A

pr
-0

3
1-

Ju
l-0

3
1-

O
ct

-0
3

1-
Ja

n-
04

1-
A

pr
-0

4
1-

Ju
l-0

4
1-

O
ct

-0
4

1-
Ja

n-
05

1-
A

pr
-0

5
1-

Ju
l-0

5
1-

O
ct

-0
5

1-
Ja

n-
06

1-
A

pr
-0

6
1-

Ju
l-0

6
1-

O
ct

-0
6

1-
Ja

n-
07

1-
A

pr
-0

7
1-

Ju
l-0

7
1-

O
ct

-0
7

1-
Ja

n-
08

1-
A

pr
-0

8
1-

Ju
l-0

8

A
ve

ra
ge

 D
ai

ly
 F

lo
w

 (c
fs

)

 43



Assessment of Springtime Contributions to the North Bosque River Watershed
Figure B–15 Average daily flow at NF050 for April 26, 2001 through June 30, 2008.

Figure B–16 Average daily flow at SC020 for March 20, 2001 through June 30, 2008.
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 Appendix B  Record of Average Daily Flow for Each Stream Site
Figure B–17 Average daily flow at SF085 for May 1, 2001 through June 30, 2008.

Figure B–18 Average daily flow at SP020 for January 3, 2001 through June 30, 2008.
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APPENDIX C

Kendall’s Tau Trend Results

Trend results for nutrient and TSS data represents monthly volume-weighted data for 
storm events collected during the spring months of March through June beginning in 2001 
through 2008. Trend results for E. coli concentrations represent routine grab samples collected 
during the spring months of March through June from 2002 through 2008. Data transformed 
using a natural log transformation and adjusted for differences in monthly volume prior to 
trend analysis. The p-value indicates the probability of significance. ** indicates statistical 
significance at a p-value of 0.01, and * indicates significance at a p-value of 0.05.

 

Table C–1 Trend results for monthly volume-weighted PO4-P storm event data collected 
during the spring months of March, April, May and June from 2001 through 2008.

Station Kendall Test 
Statistic p-value Slope (% 

change/yr)
AL020 -0.012 0.9579
DB035 -0.091 0.5728
DC040 0.154 0.3156
GB020 -0.407 0.0487* -0.77
GB025 -0.176 0.3434
GB040 -0.015 0.9671
GC045 0.007 0.9814
GM060 -0.427 0.0118* -2.57
HY060 0.067 0.6946
IC020 -0.078 0.6024
LD040 0.053 0.7796
LG060 -0.294 0.1082
NF009 0.067 0.6946
NF020 -0.151 0.3370
NF050 0.133 0.4149
SC020 -0.130 0.3853
SF085 0.094 0.4755
SP020 0.039 0.8215
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Table C–2 Trend results for monthly volume-weighted total-P storm event data collected 
during the spring months of March, April, May, and June from 2001 through 2008.

Station Kendall Test 
Statistic p-value Slope (% 

change/yr)
AL020 -0.289 0.0571
DB035 -0.359 0.0208* -0.34
DC040 -0.020 0.9159
GB020 -0.473 0.0215* -0.48
GB025 -0.412 0.0235* -0.96
GB040 -0.103 0.5923
GC045 -0.060 0.6913
GM060 -0.333 0.0501
HY060 0.152 0.3492
IC020 -0.152 0.3092
LD040 0.076 0.6746
LG060 -0.206 0.2661
NF009 0.190 0.2389
NF020 -0.242 0.1204
NF050 0.048 0.7858
SC020 -0.022 0.9013
SF085 0.021 0.8865
SP020 -0.143 0.3669

Table C–3 Trend results for monthly volume-weighted NH3-N storm event data collected 
during the spring months of March, April, May, and June from 2001 through 2008.

Station Kendall Test 
Statistic p-value Slope (% 

change/yr)
AL020 -0.083 0.5974
DB035 -0.238 0.1278
DC040 0.043 0.7917
GB020 -0.055 0.8267
GB025 -0.265 0.1494
GB040 0.125 0.5095
GC045 -0.160 0.2723
GM060 0.111 0.5289
HY060 -0.190 0.2389
IC020 -0.304 0.0395* -1.24
LD040 0.146 0.4011
LG060 -0.162 0.3870
NF009 -0.095 0.5661
NF020 -0.264 0.0907
NF050 -0.286 0.0748
SC020 -0.210 0.1574
SF085 -0.021 0.8865
SP020 0.082 0.6118
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 Appendix C  Kendall’s Tau Trend Results 
 

 

Table C–4 Trend results for monthly volume-weighted NO2-N+NO3-N storm event data
collected during the spring months of March, April, May and June from 2001 through 2008. 

Station Kendall Test 
Statistic p-value Slope (% 

change/ yr)
AL020 0.083 0.5974
DB035 -0.152 0.3377
DC040 -0.016 0.9368
GB020 -0.582 0.0044** -0.91
GB025 -0.471 0.0095** -1.67
GB040 -0.397 0.0290* -1.83
GC045 -0.153 0.2933
GM060 -0.333 0.0501
HY060 -0.152 0.3492
IC020 -0.029 0.8622
LD040 0.111 0.5289
LG060 -0.213 0.2484
NF009 -0.019 0.9278
NF020 -0.264 0.0907
NF050 -0.248 0.1236
SC020 -0.007 0.9802
SF085 -0.078 0.5560
SP020 -0.113 0.4807

Table C–5 Trend results for monthly volume-weighted TKN storm event data
collected during the spring months of March, April, May and June from 2001 through 2008. 

Station Kendall Test 
Statistic p-value Slope (% 

change/ yr)
AL020 -0.273 0.0725
DB035 -0.307 0.0484* -0.55
DC040 0.067 0.6726
GB020 -0.011 1.000
GB025 -0.309 0.0912
GB040 -0.162 0.3870
GC045 -0.080 0.5912
GM060 -0.322 0.0589
HY060 -0.262 0.1028
IC020 -0.210 0.1574
LD040 0.135 0.4415
LG060 -0.125 0.5095
NF009 0.005 1.000
NF020 -0.203 0.1942
NF050 -0.086 0.6077
SC020 -0.152 0.3092
SF085 -0.136 0.3008
SP020 -0.039 0.8215
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Table C–6 Trend results for monthly volume-weighted TSS storm event data 
collected during the spring months of March, April, May and June from 2001 through 2008. 

Station Kendall Test 
Statistic p-value Slope (% 

change/ yr)
AL020 -0.344 0.0231* -1.60
DB035 -0.368 0.0179* -1.77
DC040 0.059 0.7116
GB020 -0.077 0.7426
GB025 -0.029 0.9017
GB040 -0.118 0.5367
GC045 0.060 0.6913
GM060 -0.111 0.5289
HY060 0.257 0.1095
IC020 -0.152 0.3092
LD040 -0.205 0.2342
LG060 -0.110 0.5638
NF009 0.095 0.5661
NF020 -0.126 0.4298
NF050 -0.114 0.4874
SC020 -0.065 0.6733
SF085 0.002 1.000
SP020 -0.013 0.9550

Table C–7 Trend results for monthly flow-weighted E. coli data from routine grab samples
collected during the spring months of March, April, May and June from 2001 through 2008. 

Station Kendall Test 
Statistic p-value Slope (% 

change/ yr)
AL020 0.152 0.3092
DB035 0.333 0.0582
DC040 0.168 0.2266
GB020a

a. Sample size was too small to reliably estimate trends at sites GB020 and GB040.

na na na
GB025b

b. No routine bacteria grab samples were collected at site GB025 during the 
evaluation period.

na na na
GB040a na na na
GC045 -0.337 0.0410* -0.85
GM060 -0.036 0.8234
HY060 -0.094 0.5352
IC020 0.088 0.6243
LD040 0.029 0.9017
LG060 -0.053 0.770
NF009c

c. Trends in bacteria data for NF009 were not evaluated due to uncertainty in the 
estimate of flows for routine grab samples after the site was moved upstream 
in February 2006.

na na na
NF020 -0.127 0.6404
NF050 0.253 0.1273
SC020 -0.153 0.2933
SF085 0.305 0.0271* 2.16
SP020 -0.246 0.0965
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