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Executive Summary

The Bosque River and its associated watershed face a myriad of water quality challenges.
Previous attempts made to address these concerns have met with limited success due to a
relatively narrow, specific problem approach. The goal of this project is to develop a
comprehensive plan that considers all aspects of existing issues for collaborators to implement
and assist in planning for improved environmental infrastructure. The project set forth will aid in
identifying appropriate management practices and structures for rehabilitating and maintaining
watershed health from a landscape scale approach. Implementation of an environmental
infrastructure program employing a series of best management practices (BMPs) and efforts is
desirable for addressing overall watershed health. This report is the first phase of a project that is
focused on developing and employing a strategic approach to identifying priority areas in the
watershed where field investigations should begin to investigate the need to reduce pollution and
in choosing appropriate BMPs for specific areas that are best suited to meet pollution reduction
needs both efficiently and economically. There needs to be more in-depth analysis of cost benefits
and economic and environmental alternative analysis need to follow in the next phases of this
project before any field implementation is undertaken.

In-depth analysis using applicable Geographic Information Systems (GIS) data generated
specifically for this project identified specific areas of need. Sub-watersheds were evaluated using
an impact index that assigns a ranking to each sub-watershed based on three pollution quantifying
indices: a concentration impact index, a load per unit area index and a load impact index. The sum
of the three index rankings yields the overall ranking for each sub-watershed.

A scientific advisory committee developed a list of potential BMPs. The list consists of 22
feasible BMPs that have been assigned a priority index based on potential water quality effects,
capital and maintenance costs, and applicability of the practice in the watershed. After
establishing the prioritized list, BMPs were evaluated by the Spatial Sciences Lab (SSL) at Texas
A&M University using GIS to identify areas within the watershed where implementing these
practices would be most effective. Six spatial criteria and six location-specific criteria were used
to determine optimum potential locations within the watershed for each BMP to be implemented.

This document outlines an effective methodology for determining which locations in the
watershed should receive focus when field work begins, and which BMPs would be most
effective in specific sub-watersheds. Six steps were identified as an effective process to choose
the proper BMP for each sub-watershed in the basin. If these steps are followed, the best BMP(s)
for each location should be effectively identified.
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Introduction

The Bosque River watershed covers more than 1,190 square miles in the Brazos River Basin.
The river originates in Erath County north of Stephenville and flows through the towns of Hico,
Meridian, Clifton and Valley Mills before entering Lake Waco. The North Bosque River and
Lake Waco serve as the primary drinking water supply for more than 200,000 people in the
greater Waco area and provide water for agricultural production, recreational fishing and
swimming.

During the 1980s, the dairy industry expanded rapidly throughout the Bosque and Leon River
watersheds. Dairy farming is the most prominent agricultural practice in the watershed: 80 dairies
with more than 40,000 head of milking cows now operate in the basin. Concerns have been raised
about the extent to which nonpoint pollution runoff into these rivers has increased since the rapid
dairy expansion. In addition, water quality planning agencies also wanted to know the extent to
which point sources of pollution (i.e., municipal wastewater treatment plants in the region) may
be impairing water quality.

Fig. 1: Map of the Bosque River watershed

Elevated levels of phosphorus (P) have been found to be the primary problem and are a
special concern since they can lead to excessive algae growth and other undesirable aquatic
vegetation. Excessive algae growth may cause taste and odor problems in drinking water supplies
and could lead to fish kills in the streams and reservoirs. P measurements exceeding the total
maximum daily load for the North Bosque River led to its inclusion on the 1998 Texas Section
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303(d) list of waters that do not meet water quality standards for their designated uses. In 2000,
segments 1226 and 1255 of the Bosque River were classified as impaired due to elevated levels of
P. Further, emerging concerns have arisen regarding potential bacteria and sediment problems
within the Middle and South Bosque subwatersheds.

New Approach to an Old Problem (Watershed Management)

The Bosque River Environmental Infrastructure Improvement Planning project differs from
traditional approaches to solving single issue environmental problems. The purpose of this project
focuses on ecosystem level solutions to environmental problems and does not view single
issues/solutions, but landscape approaches to improving the entire ecosystem. The approach
envisions applications of multiple, appropriate BMPs in concert to address overall environmental
improvement within the watershed. In total, the project employs a strategic approach to identify
environmental issues and solve them through comprehensive implementation of viable BMPs.
The results of a watershed level infrastructure improvement project have the potential to reduce
environmental impacts and restore proper functions and processes at a landscape scale.

Previous Studies
TMDL Efforts

The Texas Commission on Environmental Quality (TCEQ) and the Texas State Soil and
Water Conservation Board (TSSWCB) developed Total Maximum Daily Loads (TMDLs) to
improve and protect water quality in the Bosque River. In basic terms, a TMDL specifies the
maximum pollutant load allowed in the stream channel from all sources while the associated
implementation plan provides a strategy to achieve pollution reductions.

TMDLs have been developed for segments 1255 of the Upper North Bosque River and 1226
of the North Bosque River. The goal of the TMDLs is to reduce soluble reactive phosphorus
(SRP) loadings and concentrations at five sites by an average of 50% annually compared to
conditions prior to 2000 (TCEQ, 2002b).

The TMDL program calls for voluntary and regulatory efforts to improve water quality. In
addition, a watershed protection plan is now being developed for the watershed. Success will be
measured by the extent to which voluntary programs reduce SRP levels in the watershed. Under
the current TMDL process, point sources of pollution can and are regulated while non-point
sources can not be regulated, only urged to implement voluntary measures.

Under the implementation plan, seven municipal wastewater plants in the region, confined
animal feeding operations (CAFOs) and animal feeding operations (AFOs) are urged to take the
following steps to reduce pollutant loadings (TCEQ and TSSWCB, 2004):

e Wastewater treatment plants (WWTPs) have to reduce the loads of P discharges by
upgrading technology.

e CAFOs are urged to develop comprehensive nutrient plans. Newly proposed CAFOs
and existing facility expansion must obtain new permits from TCEQ.

e AFOs are urged to develop nutrient management plans.
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¢ Microwatershed councils are being established by TSSWCB and TCEQ to disseminate
information and technical assistance through local soil and water conservation districts
to dairy operators and other agricultural producers.

State and federal agencies have developed supporting programs to reduce pollutant loads from
the runoff of dairy manure, including the following:

e The Texas Water Resources Institute (TWRI) has been working with the Department
of Defense and Natural Resource Conservation Service (NRCS) to apply composted
dairy manure to restore military training areas at Fort Hood.

e The Dairy Manure Export Support Program, a TSSWCB project, working with
participating dairies, sent more than 918,000 tons of manure to commercial
composting facilities in Central Texas (TIAER, 2006).

e The Texas Department of Transportation purchased and applied more than 385,000
cubic yards of composted manure from the North Bosque and Leon River watersheds
to more than 200 highway construction and maintenance projects.

e TCEQ is working with the Brazos River Authority (BRA) to design, build and manage
an innovative waste management system that uses an anaerobic digester to reduce P
levels in liquids used to irrigate waste application fields (WAFs).

e TWRI is working with the TSSWCB to field-test new technologies that may provide
the ability to reduce P concentrations in dairy waste.

Water Quality Studies

Several studies by researchers in academia and the private sector provide new insights into
water quality issues facing the Bosque watershed. These studies have primarily focused on
evaluating the ability of BMPs to lessen pollutant loads and identifying pollutant-contributing
sources in the watershed.

In 1999, the Texas Institute of Applied Environmental Research (TIAER) measured flow and
nutrients at 17 sites in the Bosque River watershed to determine which land uses were
contributing the largest concentrations of orthophosphate-phosphorus (PO4-P), total phosphorus
(TP) and total nitrogen (TN). Field data verified by computer modeling suggests that the largest
loadings of PO4-P and TP were associated with dairy WAFs in the upper portion of the North
Bosque River watershed, while the highest loadings of TN are associated with agricultural row-
crop production (McFarland & Hauck, 1999).

TIAER published a study that evaluates results of its water quality monitoring program from
1998 to 2003 (Easterling & McFarland, 2004). The report shows that nitrites and nitrates are more
of a water quality concern in the Middle and South Bosque River, while ammonia, phosphates
and TP were the major water quality threats in the North Bosque watershed. TIAER also
published a report in 2005 suggesting that P concentrations were lower in sites along the
tributaries of the North Bosque River where dairy operators participated in programs to convert
dairy manure into compost (cited in Managing Nonpoint Source Pollution, 2005).



Bacteria Source Tracking

In 2006, Parsons Engineering published results of a study that used bacterial source tracking
to identify sources of fecal coliform and E. coli in the region. The study was initiated and
coordinated by the Texas Farm Bureau and funded by the TSSWCB; other cooperators in the
project were the BRA and the City of Waco. The report questions whether dairy cattle, as has
been widely presumed, account for majority of fecal coliform loadings to the Bosque and Leon
River watersheds. In the study, water quality was sampled at sites throughout the two watersheds,
including Lake Waco and Lake Belton. Results suggest that dairy cattle account for only 29% of
E. coli loadings to Lake Waco and the Bosque River. Wild birds were identified as the major
source of E. coli (contributing 40% of the total), followed by non-avian wildlife (16%) and
sewage (17%). In Lake Belton and the Leon River watershed, dairy cattle accounted for 32% E.
coli loadings followed by wild birds (28%) and terrestrial wildlife (21%) (Parsons Engineering,
2006).

The “Lake Waco comprehensive Study” involves documenting the limnology of the lake over
time; assessing how nutrients are recycled in the lake; reviewing and refining analyses of
pollutant loads; and developing a water quality management plan. This project was initiated and
funded by the City of Waco, in cooperation with the U.S. Environmental Protection Agency
(EPA), USACE, USGS, Texas Parks and Wildlife Department and Baylor University (BU).

Public Law 566 (PL566) Structure Influence

In 2006, the Center for Applied Geographic and Spatial Research (CAGSR) researchers
presented results from the “Lake Waco Comprehensive Study” which used the Soil and Water
Assessment Tool (SWAT) and GIS to examine how water quality in Lake Waco would be
affected if there were no man-made developments in the watershed and if small PL566 reservoirs
were removed (Prochnow et al., 2006). Results of these simulations, presented in 2006, suggest
that TP loadings would increase by 82% and TN loadings would rise by 92% if the PL566 dams
were removed. The simulations also suggest that the natural condition of the watershed (which
assumes that all human influences are withdrawn) would experience a 79% reduction over current
levels in TP and a 73% decline in TN.

Researchers at TIAER are also evaluating the possible influence of the PL566 structures.
These dams were built in the 1950s and 1960s by the U.S. Soil Conservation Service. In an
unpublished paper, McFarland (2006) examined two of the PL566 reservoirs in the Bosque River
basin. One site was on the North Fork of the Bosque River and was considered impacted by
agriculture. The other site was located in the South Fork of the river and was a site that was
impacted very little by intensive agricultural practices. The project involved measuring inflows,
outflows and water quality from both sites. Results indicated differences in nutrient loads and
concentration in the inflow and outflow of these structures and serves as valuable data that can be
used for modeling purposes.



BMP Effectiveness

Collaborators from Texas A&M University and TIAER have used the SWAT model to
evaluate the effects of growing turfgrass with composted dairy manure in the Bosque watershed
and then exporting it out of the basin. Evidence shows that this practice may improve water
quality (Stewart et al., 2006). Research examined growing and exporting sod produced with
various application rates of composted dairy manure and evaluated its ability to reduce P and
nutrient loadings to the region’s streams. Results suggest that instream P loads could be reduced
by an average of 31% and sediment loads could decline by an average of 17%. Hanzlik et al.
presented a methodology that used GIS to identify the optimal sites to grow and export turfgrass
in order to maximize nutrient removal.

In 2004, researchers with the Blackland Research and Extension Center (BREC) in Temple
described how a GIS based-version of the SWAT model can be used to model water quality
trends in the basin (DiLuzio, Arnold & Srinivasan, 2004). Rosenthal and Hoffman (1999) also
demonstrated how the SWAT model and GIS can be used to effectively target the best sites to
monitor water quality in the Leon River and Bosque River watersheds.

In 2001, researchers at BREC and TIAER used the SWAT model to simulate the effect of
using BMPs at wastewater plants and dairies on loadings of nutrients into the Bosque River
watershed (Santhi et al., 2001). Dairy BMPs that were evaluated included hauling solid dairy
manure out of the watershed and only applying liquid manure applying only enough fertilizer to
meet the P needs of crops and reducing the P content in cattle feeds. Results suggest that the
implementation of dairy BMPs can reduce episodic loadings of SRP into the watershed by up to
60% (Santhi et al., 2001).

Researchers with TIAER and Tarleton State University evaluated five BMPs to prevent P
loadings in the North Bosque River Basin (McFarland, Saleh, & Hauck, 2000). The results of the
field studies were verified with the Agricultural Policy and Environmental Extender (APEX)
water quality simulation model. The BMPs that were demonstrated and monitored included the
following:

e Application of N for a crop of commercial Bermudagrass.

e Strip plowing of coastal Bermudagrass with high levels of soil P.

e Applying manure to a winter wheat crop based on plant P needs.

e Application of N for a double-crop system growing summer forage sorghum and
winter wheat.

e Deep plowing a field where summer sorghum and winter wheat were grown as a
double-crop. N was applied to this field, which had high levels of soil P.

APEX results show that timing manure applications to meet plant needs for P was effective in
significantly decreasing phosphates and TP loads.

BU researchers began investigating regional water quality in the early 1990s. These studies
led BU to collaborate with the City of Waco, the USACE and the U.S. Fish and Wildlife Service
to construct a 180-acre wetland near Lake Waco that was used for research and education in
1998. The CAGSR at BU has also been working with the City of Waco and ENSR Inc., to model
water quality in the Lake Waco watershed.



GIS Data

Data collection for the Bosque River Environmental Infrastructure Improvement Plan focused on
identifying and obtaining all known GIS data and any other pertinent data that could be
incorporated into a GIS system or used to generate GIS data. Data was collected from the
following sources:

- The Texas Institute for Applied Environmental Research (TIAER)

- The Blackland Research and Extension Center (BREC)

- The Spatial Sciences Laboratory (SSL) from Texas A&M University

- The Soil Survey Geographic (SSURGO) Database available online at
http://soildatamart.nrcs.usda.gov/

- The Texas Natural Resources Information System (TNRIS) website available at
http://www.tnris.state.tx.us/

- Dr. Munster and Dr. Vietor from Texas A&M University

A complete list of detailed GIS data can be found in Appendix I. This section outlines what
each dataset is, what it is used for, where it came from, and how it was adapted or modified for
use in this project.



Field Evaluation

Background

The authorized purposes for these Natural Resources Conservation Service (NRCS)-assisted
watershed projects are wide-ranging: watershed protection, flood prevention, agricultural water
management, water based recreation, fish and wildlife habitat improvement, groundwater
recharge, water quality management and municipal and industrial water supply. Program
objectives have changed since these structures were built in response to legislative direction,
environmental concerns and changing social values. Many of the original projects’ objectives
were to reduce flooding, improve drainage, and increase irrigation efficiencies. In the 1960s, high
priorities were placed on projects that provided jobs to combat poverty and encourage rural
development; many of these projects involved establishing recreation areas. In recent years
projects have focused on land treatment measures to solve natural resource problems, such as
substandard water quality and loss of wildlife habitat (NRCS 2006).

There are 40 of these PL566 structures in the Bosque River watershed (Fig. 2) and the
majority of them are nearing the end of their evaluated life. It is estimated that 75% of the
structural measures are designed with a 50-year evaluation life (silt life, not structural life). The
two structures visited in Erath County for purposes of this field validation study appeared to be
capable of accepting silt and sediment for several more decades. The dam structures are sound
and the ground cover on the dam structures is exceptional. Field reports confirm that all of the
PL566 structural dams are in good physical condition (Huffman 2006). Trees are controlled with
chemical spray on the dam to prevent endangering dam structural stability from root channels
(Dybala 2006).

Since the 1950s, local sponsors have signed agreements under which they assumed the
responsibilities of operating, maintaining and protecting project measures. Over time, the areas
surrounding the structures have changed through population growth and development. Land uses
have also changed potentially altering the projected sediment loadings and predicted life. In some
cases, these changes may have prolonged the lifespan of these projects, while others may have
been shortened. Clearly, local sponsors and other project stakeholders need to evaluate current
conditions for all structures and will eventually have to address the environmental, public safety,
liability, social, economic and funding issues that have come from these changes.

Scientific Advisory Committee Field Visit

A field trip conducted February 21, 2006 made four stops: the Meridian Community Center,
property owned by Larry Lawson, the Meridian Golf Course and a PL566 structure near the
headwaters of the Bosque River watershed. The trip’s purpose was to discuss issues and gain
public input about potential BMPs to implement in the watershed. The consensus from local
representatives is that they want a cleaner river. Secondary benefits mentioned include using
recycled water on the Meridian golf course and improving wildlife habitat along the river. The
purpose of this project was also discussed with local representatives; they were eager to
participate and learn new management techniques.



Fig. 2 Location of PL566 structures in the Bosque River watershed



TWRI Field Visits

A TWRI representative was sent to inspect two existing infrastructure projects in the North
Bosque River watershed. The purpose of these visits was to assess the overall health and
condition of these structures. Each site was also evaluated to develop a preliminary idea of
potential BMPs that could be implemented in the structure’s drainage area to improve watershed
health.

The first PL566 structure visited is located in southern Erath County (referred to as Stop #1)
and is not impacted by upstream dairy application fields but revealed some streambank de-
stabilization above the structure in the 4,177-acre watershed. Soils are characterized by the
Dugout Series which are shallow, calcareous, loamy soils that rest on hard limestone. The Dugout
soils are used for native range; they are well drained; have moderately slow permeability; and
have a low available water capacity (Soil Survey 1973). BMPs chosen to stabilize the
streambanks should be done carefully so stream physics are not altered (Mayben 2006). BMPs to
slow water velocity could be employed here (Nelle 2006), with check dams on the smaller and
secondary ephemeral streams. The challenge for this project with any implemented BMP will
always be showing cost return benefits to the landowner for his participation.

Stop #1 Photos:

Fig. 3: Solid dam, silt build up occurring Fig. 4: Back of dam, no seeps, good cover

Fig. 5: Stream bank de-stabilization Fig. 6: Bank erosion upstream of structure



Another PL566 site (Stop #2) was visited in northern Erath County. It drains a 3,840-acre
watershed that was highly impacted by upstream dairy operations and revealed an excellent
structure with very good ground cover and well-managed hay fields above and below the main
water body. Terracing had been performed on one field below. Contrarily, a poorly managed field
was also left plowed and fallow adjacent to the structure. This site is characterized by Windthorst
Series sandy and fine sandy soils. The soils are moderately well drained, moderately slowly
permeable, and have a high available water capacity (USDA 1973).

Stop # 2 Photos:

Fig. 7: Principal spillway and good cover Fig. 8: Principal spillway outlet below dam

Fig. 9: Grassed, terraced hay field Fig. 10: Bare, plowed field left fallow

Field Summary

The PL566 structures are in excellent shape even though they are nearing their 50-year service
life (Huffman 2006, Shrank 2006, Weems 2006). The major challenge to actually improving the
infrastructure of the North Bosque River watershed will be to determine which BMPs to install in
particular locations that will yield the best environmental results for the least capital cost. Figs. 3
through 10 show the condition of each structure as well as problem areas surrounding and
upstream from the dams. Additionally, these photos illustrate how some BMPs can be effectively
employed and highlight problem areas where BMPs could be used to improve watershed quality.
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Methodology

Methodology Overview

The purpose of this general methodology is to guide the development of an environmental
infrastructure improvement plan for the Bosque River Basin. SSL developed this methodology by
implementing a GIS model that manages spatially explicit and non-spatial time series data
(Appendix 1). These data were gathered to illustrate diverse land characteristics, waterbodies and
potential sources of contamination in the basin including natural and anthropogenic sources.

The methodology was approved by a scientific advisory committee that was gathered to
provide expertise and guidance regarding appropriate BMPs for environmental infrastructure
improvement in the basin, the optimal location on the landscape for those BMPs and their
expected benefits. This methodology includes two main steps: prioritizing sub-watersheds based
on the need for improvement and prioritizing BMPs based on cost effectiveness, ease of
implementation and maintenance requirements.

Methodology Implementation

Prioritizing Sub-watersheds

Sub-watersheds were prioritized using an impact index (described in greater detail in the
Prioritizing Sub-watersheds section). Each sub-watershed was given an impact value: low,
medium or high. These indices were developed based on water quality data outputs (loads and
concentrations) from a SWAT model implemented by the BREC in 2000. The index values are
illustrated in maps (see Prioritizing sub-watersheds section).

Using the impact index maps, the decision maker can identify the most impacted sub-watersheds.

Prioritizing BMPs

When a sub-watershed has been chosen, potential BMPs that can be implemented in the sub-
watershed can be determined using the list of BMPs recommended by the scientific advisory
committee (see BMP section or Table 1 & 2). For each BMP, a priority index (Table 2), with
values from 1 to 10, was established by the committee.

Using the priority index table, the decision maker can identify the most appropriate BMPs for the
sub-watershed selected.

For each selected BMPs, the optimal location on the landscape was illustrated in maps
(Appendix VIII). Those optimal locations were determined using the GIS model based on
spatially explicit and non-spatial time series data.

Using the optimal location maps, the decision maker can identify the most appropriate location
for each BMP selected.
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Prioritizing Sub-Watersheds

To establish which areas of the watershed need the most improvement, the scientific advisory
committee advised that three impacts indices were needed. These indices were implemented using
TSS, TP and TN. These three impact indexes were combined to develop a cumulative impact
index that assigns a numerical ranking to each sub-watershed indicating its priority. Sub-
watersheds were determined by dividing the Bosque River watershed into smaller watersheds.

An index is a numerical scale (no unit) used to compare variables with one another. Having
no unit, indices can easily be summed and weighted to assess situations resulting from multiple
factors regardless of the nature, unit and influence of the factors.

Total Impact Index Implementation

The Total Impact Index helps to prioritize the sub-watersheds by assessing the impact on
water quality by sub-watershed. The three factors -- TSS, TN and TP -- were converted to indexes
with categories of: Low, Medium or High using the Natural Breaks' method. A rating value was
selected for each category using a log base of 2 just like in the Phosphorus Index implementation
(NRCS, 2006). The categories Low, Medium or High were therefore given a value of 1, 2 and 4
respectively. The total impact index was obtained by adding the three indices with equal weight
(Fig. 11).

Swat Smmulated Data

——————————————————————————————

__________________________________

___________________________________

Low Priority i
Total Impact Index  Medium Priority}

Fig. 11: Total Impact Index Implementation

! Natural Breaks: Classes are based on natural groupings inherent in the data. ArcMap identifies
break points by picking the class breaks that best group similar values and maximize the
differences between classes. The features are divided into classes whose boundaries are set where
there are relatively big jumps in the data values.
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The Impact Index also uses the Natural Breaks classes to distinguish priorities within the sub-
watersheds. Low, Medium and High categories were used for this study and are defined as
follows:

LOW - This sub-watershed has a LOW potential for being impacted by sediment, P and/or N. If
actual installations and practices are maintained at current level in the sub-watershed, the
probability of an adverse impact in this sub-watershed would be low.

MEDIUM - This sub-watershed has a MEDIUM potential for being impacted by sediment, P
and/or N from the sub-watershed. The probability for an adverse impact to surface water
resources is greater than that from a LOW vulnerability rated site. Some remedial action should
be taken to lessen the probability of water quality degradation.

HIGH - This sub-watershed has a HIGH potential for being impacted by sediment, P and/or N
from the sub-watershed. There is a high probability for an adverse impact to surface water
resources unless remedial action is taken. Soil and water conservation as well as BMPs are
necessary to reduce the risk of water quality degradation.

Data for TSS, TN and TP were obtained from the outputs of a SWAT model implemented by
the BREC in 2000 (Appendix I). The outputs considered were obtained by simulating existing
conditions. These factors can be expressed in load (kg), in load per unit area (kg/ha) and
concentration (kg/m®). It is important to highlight that the load per unit area data relate to
individual sub-watershed, without considering the upstream watershed influences. On the other
end, the concentration and the load data relate to the sub-watershed contribution as well as the
entire upstream watershed contribution.

Three different impact indices were implemented: one using the factors expressed in load, one
using the factors expressed in load per unit area and a last one using the factors expressed in
concentration.

Table 1. Numeric rating values corresponding to low, medium and high priority for the three
impact indices

concentration impact . . load per unit area
. load impact index . )
index impact index
Low 1to4 1to3 lto4
Medium 5to7 4t07 5t08
High 8to012 6to0 12 9to 12

Concentration Impact Index

The concentration impact index was developed based on the concentrations of TSS, TP and
TN calculated from the SWAT model outputs (Appendix I). This index uses data extracted from
the “reach output file,” and therefore considers the sub-watershed as well as the entire upstream
watershed. Fig. 12 visually represents the priority assigned to each sub-watershed in the basin
from this index. The Concentration Impact Index is useful in addressing local problems on
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tributaries in low and high flow conditions. Implementing multiple BMPs and coordinating with
various landowners is required to get positive results due to the influence of large land areas.

Fig. 12: Concentration impact index

Load per Unit Area Impact Index

The load per unit area impact index was developed based on the load per unit area of TSS, TP
and TN as estimated by the SWAT model (Appendix I). This index uses data extracted from the
“subbasin output file” and therefore relates to contributions from individual sub-watersheds,
without considering the upstream watersheds. Fig. 13 shows which sub-watersheds were labeled
as low, medium and high priority using this index. The Load per Unit Area Impact Index is useful
in addressing local problems on high flow tributaries.

Fig. 13: Load per unit area impact index
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Load Impact Index

The load impact index was developed based on the loads of TSS, TP and TN estimated by the
SWAT model (Appendix 1). This index uses data extracted from the “reach output file,” and
considers sub-watersheds as well as the entire upstream watershed. Fig. 14 shows the designation
assigned to each sub-watershed for the Load Impact Index. The Load Impact Index is useful for
implementing BMPs in high flow streams.

Fig. 14: Load impact index
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Best Management Practices (BMPs)

BMP Descriptions and Applicability

Applying chemical agents to high P fields to reduce P solubility

P-immobilizing amendments can be useful in minimizing leaching from high P soils that
receive wastewater or solid manure. Chemicals, especially aluminum sulfate and ferric chloride,
can be used to remove P from the wastewater stream (Galarneau & Gehr, 1997). Dao et al. (2001,
2003) have illustrated the use of Al and Fe-based compounds to tie-up P in animal manure.
Zvomuya et al. (2006) demonstrated that alum may be an effective amendment for immobilizing
P and reducing P leaching in coarse-textured soils with a long history of waste application.
Localized evaluation of this method within the Bosque River watershed would be beneficial to
establishing a potential long-term solution to P leaching from WAFs within the watershed.

Implementing sub-watershed soil conservation and erosion control plans

Soil conservation and erosion control plans encompass many different management practices
and strategies. These plans are developed based on site location, topography, soil types,
vegetation types, drainage conditions and adjacent land uses. Plans can be developed for any
location after a proper site evaluation is conducted. Common soil conservation and erosion
control plans include practices such as grassed waterways, contour farming, strip cropping,
conservation tillage, planting cover crops, terracing and incorporating compost or manure among
others. The Bosque River watershed would be a good candidate for the majority of these, but each
location would need to be evaluated to determine the most feasible BMP (EPA 2003).

Improving PL566 structures to increase sediment retention

For 50 years America’s small upstream dams have provided flood protection, municipal water
supplies, wildlife habitat, water for livestock and recreational opportunities, but time has taken its
toll on these structures and many of them are deteriorating. Many of Texas’ dams are in need of
repair and are quickly approaching their expected lifespan. Upgrading flood control structures in
the Bosque River watershed to include capabilities for continued soil retention (dredging,
expanding retention capability, etc.) could be used to assure future benefits derived from these
structures.

Improving quality of water held by PL566 structures

Water quality improvements in waters held by PL566 structures could include reducing
sediment, nutrients or numerous other structure specific objectives. The greatest improvement
potential does not occur directly at the structures, but instead upstream or in the contributing
watershed. Erosion and sediment control practices employed higher in the watershed would most
likely have the best effect on decreasing sediment and nutrient loading into the reservoirs.
Removing excess sediment trapped by the PL566 structure is one action occurring at the structure
that could improve water quality and structure efficiency by increasing storage capacity,

16



removing nutrients trapped in sediment and potentially increasing recharge from the structure.
Sediment removal would be a costly process that must include sediment quality evaluation before
dredging and will have a small impact on downstream water quality. The greatest benefit from
this action would be increased storage capacity; not improving water quality. Landowners will
most likely be apprehensive to support this BMP due to associated costs and lack of on-site
benefits.

Installing crops that could be removed from the watershed (USDA)

Development of BMPs that provide “value-added” opportunities can provide a win-win
situation for local landowners in providing innovative and economically beneficial revenues
while potentially reducing nutrient concerns within the Bosque River watershed and assisting in
meeting objectives and goals set by applicable TMDLs. As an example, Munster et al. (In
Revision) have developed a BMP to include the use of watershed-generated nutrients (compost,
manure) in the production of highly valuable sod grass that can be harvested and exported from
the watershed. This approach may be feasible for other high value crops (nurseries, tree farms,
etc.).

Installing Grazing Management Practices

Grazing management plans aim to employ the best practical uses of forage resources and are
important to improving or maintaining range condition, improving livestock forage harvest
efficiency, and attempting to optimize plant and animal performance. Well-designed plans
achieve management goals set by the operator while ensuring them a financial benefit and
meeting the requirements of animals and plants. Plans improve ecosystem function and watershed
protection, and are flexible and simple to operate. Grazing plans can be adapted for all range and
pasture lands depending upon desired stocking rates, the species of grazing animals, grazing
rotation schedules, plant species, and the number of herds and pastures (NRCS 2003). To make
this a more appealing BMP, graduated cost sharing could be implemented to provide more
funding for landowners who implement lower stocking rates.

Contour ripping/pasture renovation to maintain permeability of soils and increase residence time
of water in soils

Contour ripping and other pasture renovation practices can provide a beneficial approach to
maintaining soil sustainability and other natural resources within the Bosque River watershed.
The practice of contour ripping (subsurface fracturing of claypan or compacted soils) increases
infiltration and reduces runoff from treated landscapes. Increasing infiltration reduces the
potential for soil erosion as overland flow is disrupted and runoff water is distributed downward
into the soil profile. The reduction in overland flow could reduce the potential for nutrient-
impacted sediment transport into local streams and rivers thus reducing the potential for
downstream impacts.

Terracing to reduce sediment transport

Terraces are earthen mounds constructed to shorten the length of a slope and reduce the
erosive potential and sediment carrying capacity of runoff. If properly located, constructed and
maintained, they reduce soil loss by slowing overland water movement and preventing rill and
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gully formation. Terraces that are most effective and economical can be farmed using contour and
conservation tillage techniques or replanted with herbaceous cover for grazing. Terraces are not
cost effective on land with slopes that are too steep or too shallow. Extremely rocky, sandy, or
shallow soils are not good places to employ terracing because of construction and maintenance
problems; some areas in the Bosque River watershed may not be suitable for terracing. Terraces
can have detrimental effects on water quality due to lack of maintenance or if they concentrate
nutrients and accelerate their delivery to surface or groundwater (NRCS 1984).

Developing nutrient management plans

Plans for nutrient management are developed in accordance with technical requirements of the
NRCS Field Office Technical Guide (NRCS Website, 2006), policy requirements of the NRCS
General Manual, procedures contained in the National Planning Procedures Handbook (NRCS
Website, 2006), and technical guidance contained in the National Agronomy Manual (NRCS
Website, 2006). These plans will include the following components, as applicable: 1) aerial site
photographs or maps, and a soil map, 2) current and/or planned plant production sequence or crop
rotation, 3) soil test results and recommended nutrient application rates, 4) plant tissue test results,
when used for nutrient management, 5) complete nutrient budget for N, P and potassium (K) for
the plant production system, 6) realistic yield goals and a description of how they were
determined, 7) quantification of all important nutrient sources, 8) planned rates, methods and
timing (month & year) of nutrient application, 9) location of designated sensitive areas or
resources, and 10) guidance for implementation, operation, maintenance and recordkeeping. If the
conservation management unit lies within a hydrologic unit area identified or designated as
having impaired water quality associated with N or P, nutrient management plans include an
assessment of the potential for N or P transport from the field. When such assessments are made,
nutrient management plans will include: 1) a record of the site rating for each field and 2)
information about conservation practices and management actions that can reduce the potential
for P movement from the field.

Educating Landowners

Education is the key to successfully employing any BMP. Until landowners completely
understand the benefits of installing a BMP, they will be less likely to implement and properly
maintain these structures or practices. The lack of information on cost-related benefits is also a
deterrent for many landowners as well as the lack of funding in some cases. Key issues to address
in education efforts are to illustrate the benefits that the landowner and environment will reap.
Explain_funding opportunities that will share or supply costs for BMP implementation and
maintenance. Education emphasis should also be placed on what maintenance is required to keep
BMPs working properly. Development of concise fact sheets that explain the BMP, where it
should be located, benefits of installing that BMP, its maintenance needs, approximate costs for
installation and maintenance and outline potential sources of funding would be an effective means
to educate landowners about BMPs that they may consider on their land.

Applying a waste injection program to directly inject fertilizer/manure/etc. into soils

Waste injection is a potentially effective way of incorporating liquid manure into soils. In this
practice, liquid flows through a tube attached to a knife that places the material in a band below
the soil surface. While this method is effective, care must be taken to prevent soil smearing and
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compaction when the soil is too wet. Caution is also needed in soil conditions susceptible to
macropore flow. Liquid manure injection offers a number of advantages over broadcasting
including: 1) fewer odors, 2) ability to place nutrients directly into the seedbed, and 3) reduce loss
of fertilizer value.

Developing recharge structures to reduce runoff/sediment

Recharge structures are small-scale dams that are designed to retain a portion of water moving
through a channel and hold it long enough for it to recharge into shallow groundwater tables.
These structures are most effective on highly permeable soils, but can be used in almost any
location. Recharge dams also decrease energy in the stream and in turn lower sediment carrying
capacity; however, lack of sediment in the stream could lead to increased stream bank erosion
down stream (Knight, 2002). Sediment trapped by the dam and settled out can reduce the rate at
which water recharges, thus making the dam less effective and increasing maintenance costs.
Recharge dams are designed for individual areas with specific goals in mind and can improve
downstream water quality and increase recharge to shallow water tables if properly installed and
managed.

Installing vegetation buffers — “polishing strips”

The use of vegetation buffers (polishing strips) in riparian zones requires a different approach
than traditional rangeland/pasture management and focuses primarily on conservation benefits
such as filtering runoff and enhancing habitat. Buffers can vary in size, vegetation types, species
compositions and spatial arrangements. For example, grasses, shrubs and trees have different
capabilities to provide site-specific benefits (Dosskey, 1998). The challenge regarding an
integrated approach to riparian management in private-land states is that riparian systems cross
landownership thus requiring a concentrated effort across landowners in development of benefits
throughout the watershed. However, individual landowners can benefit from localized
development of the BMP to enhance habitat and control erosion on their property.

Install permeable reactive barriers (PRB) along downstream gully systems to reduce sediment
and dissolve P in runoff

PRBs are constructed with porous media bags filled with crushed stone allowing water to
leach through the material inside the bags. These bags are stacked in channel in pyramid fashion
and effectively form a permeable check dam that temporarily traps water moving down stream.
Minerals inside the bags have an affinity for attracting nutrients depending upon the type of stone.
Zeolite is used to retain ammonium and a crushed limestone is being tested for its ability to attract
P. This technology has been used in groundwater applications and is currently being tested for the
treatment of storm flows in the Bosque River watershed. Results will be available when testing is
finished (Wolfe, 2006).

Implementing a watershed riparian restoration program — streambank stabilization

Stream channels, streambanks and associated riparian areas are dynamic and sensitive
ecosystems that respond to changes in land use activity. Streambank and channel disturbance
resulting from human and natural disturbance can increase the stream’s sediment load, which can
cause channel erosion or sedimentation and have adverse effects on the biotic system. BMPs can
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reduce sediment and other pollutant discharges to minimize the impact of detrimental activities on
watercourses. A multitude of BMPs regarding streambank stabilization exist (e.g. preservation of
existing vegetation, hydraulic mulch, geotextiles, etc.), and strategic planning is a must for
selection of proper stabilization programs. Streambank stabilization could provide a crucial BMP
for addressing both sediment and nutrient issues in the Bosque River watershed.

Installing permeable check dams in upper reaches of the watershed with ponds at the lower extent
to reduce concentrated flow

Installation of permeable check dams upstream in combination with ponds at the lower extent
of the drainage areas would also target reduction of runoff flow velocities while simultaneously
decreasing sediment and nutrient transport. Check dams are not intended for watersheds
larger than 10 acres or for use on a constantly flowing stream. These structures are also not
intended for long-term use and typically require extensive maintenance following a high velocity
event. This BMP would work best on localized erosion control that can be fixed by grassing the
waterway; thus they would be a temporary measure until grass has been established. Ponds would
serve as a sediment trap and would hold the majority of sediment and nutrients in the watershed
(California Department of Transportation, 2003).

Developing constructed wetlands

Constructed wetlands use natural processes involving wetland vegetation, soils and their
associated microbial assemblages to assist, at least partially, in treating an effluent or other water
sources (EPA, 2000). In general, these systems should be engineered and constructed in uplands,
outside waters of the U.S., unless the source water can be used to restore a degraded or former
wetland. Constructed wetlands can provide multiple benefits to landowners and the environment
including: 1) habitat enhancement, 2) sediment retention, 3) nutrient retention, 4) aesthetic values,
etc. The use of constructed wetlands as a BMP for environmental infrastructure improvement
within the Bosque River watershed has considerable potential for addressing multiple issues of
concern.

Damming ephemeral gullies or installing porous “gully plugs™

Installing “gully plugs” or damming ephemeral gullies is a practice that slows water as it is
moving down slope. The velocity decrease accomplishes two goals: 1) lowering the erosive
potential of the channelized flow, and 2) allowing sediment and substances attached to it to settle
out ahead of the dam. This sediment reduction by the dam could and usually does cause stream
bank erosion problems downstream (Knight, 2002). Dams would most likely be constructed from
soil or concrete while gully plugs use porous materials such as rocks or logs. The idea behind this
practice is that the gully will eventually fill itself in as sediment is deposited upslope from the
dam or “gully plug.” This practicemay not completely solve the problem and would work best in
combination with other BMPs. When implementing these structures, extra care must be taken to
prevent further streambank erosion or to change the overall physics of the stream (Mayben 2006).
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Implementing range re-vegetation practices — management for species beneficial to water
detention on land

Proper vegetation management has the potential to minimize non-point source pollution in
many rangeland/pastureland systems. If proper and adequate vegetative cover is maintained,
landowners can influence the development of healthy watersheds. Management for healthy
bunchgrass dominated systems can increase infiltration, decrease surface runoff and reduce soil
loss compared to sod grass or bareground (Knight, 2002). Range re-vegetation practices may
include range seeding, grazing management or other vegetation associated practices. The BMP
can provide multiple benefits to landowners within the Bosque River watershed and provide a
beneficial tool in the implementation of environmental infrastructure improvement.

Developing construction site runoff management for pre/post construction activities

TCEQ currently regulates construction activities on sites that disturb more than 1 acre of soil.
The contractor must complete a stormwater pollution prevention plan, obtain a Texas Pollutant
Discharge Elimination System Permit, and file a notice of intent and notice of termination before
beginning the project and after project completion. Several waivers are available for low erosion
areas, but implementing erosion control practices is still a smart idea. Construction sites should
employ stabilization and structural control measures to get the best results. These include
temporary and permanent seeding, mulching, earthen dikes, silt fences, sediment traps, and
sediment basins (Persyn et al. 2005). Proper maintenance is the key to these practices remaining
effective. These practices can be and should be used on all construction sites throughout the
basin.

Treating storm runoff by temporary storm storage in retention ponds

Retention ponds are designed to capture the bulk of rapid storm runoff. Water is held in these
ponds until the structure reaches capacity and water begins to leave through the emergency
spillway, evaporates, or infiltrates into the ground. Typically, retention ponds always have water
in them (Persyn et al. 2005). These ponds allow almost all of the sediment and many of the
nutrients carried in the water to settle into the basin. Retention ponds can be used effectively in
many areas. In some cases, they have been incorporated into new developments to add a semi-
natural ecosystem to the area that can add economic and aesthetic value to the property.

Developing plans for recreation areas, including storm water planning for surrounding
residential areas

This BMP approach could include retention and detention ponds. Retention ponds typically
have water in them at all times. Detention ponds basically slow water movement downstream and
have the ability to capture a large volume of water and then regulate its release (Persyn et al.
2005). Retention ponds would be best suited as a focal point in a park where pond or wetland type
ecosystem is desirable. Detention ponds could be incorporated into athletic parks that cover a
large surface area. Playing fields (baseball, football, and soccer) could be constructed at a low
point in the complex and serve as the detention pond with an outlet that regulates flow. Since
these ponds are only temporarily wet, this would be a great dual purpose BMP.
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Optimal BMP Locations

Optimal locations for each BMP listed were determined using spatial criteria recommended

by the scientific advisory committee. Those spatial criteria are:

e Dominant Hydrologic Soil Group: broken into four categories; A, B, C and D. Group A
represents soils with the highest infiltration rates and lower erosion potential while Group
D soils have the lowest infiltration rates and higher erosion potentials

e Dominant Land Use/Land Cover (LULC): dictates what vegetative cover is in place and
what land use practices are employed. Runoff, infiltration and erosion rates can be
inferred based on land use/land cover.

e Average slope: is the average slope for the entire sub-watershed; can be correlated to
erosion and runoff potential

e Landscape position: denotes the general location in the sub-watershed (high or low) where
the BMPs would be most effective

e Average soil loss: the average soil lost across the sub-watershed due to erosion as
calculated by the Universal Soil Loss Equation (USLE)

e Strahler stream order: is a ranking system that identifies stream segments based on the
number and size of tributaries feeding into the stream. First order streams are streams in
the upper portion of the watershed that are small tributaries. Second order streams are
formed when two second order streams join. Third order streams form when two second
order streams join; and so on.

BMPs were also evaluated based on their proximity to certain features in the landscape such
as: streams, PL566 structures, dairies, WAFs, wastewater treatment plants and farm boundaries.
Each BMP was individually evaluated for effectiveness using a combination of the six spatial
criteria described above. The scientific advisory committee determined which criteria were best
suited for use on each BMP. Criteria used to determine optimal locations for each BMP are
presented in Table 2 along with specific elements that must be met for the BMP to be employed.

To illustrate, look at terracing in Table 2 as an example. The criteria considered for this BMP
are slope, landscape position and average soil loss (USLE). For this BMP to be considered for
implementation in a sub-watershed, slope must be > 2%, landscape position must be high, and
average soil loss must be high. In addition, the BMP must be used on a WAF and inside a farm’s
boundaries. A map was developed that shows the optimal location for each BMP using the GIS
model and selected criteria (Optimal Location Maps in Appendix V1).

Prioritizing BMPs

After finalizing the list of appropriate BMPs, the scientific advisory committee was invited to
determine a priority index assigning each BMP a value from 1 to 10 (1 being the lowest priority
and 10 being the highest priority). The scientific advisory committee made its decisions based on
the member’s knowledge and expertise. Effects on water quality improvement, initial costs for
BMP implementation, maintenance needs and costs, and the applicability of this practice in the
watershed were all considered when prioritizing the BMPs. This priority index indicates which
BMPs should be implemented first based on these considerations (Table 3).
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Table 2: Optimum BMP location criteria

Spatially explicit criteria

Location relative to

On Farm BMPs

Hydrologic
Soil Groups

LULC

Slope

Strahler
Stream
Order

Landscape

*
Positions USLE

Stream

PL566

Dairies

WAF

WWTP

Farm

Boundary

Applying chemical agent to high P
fields to reduce P solubility

5

Implementing  sub-watershed  soil
conservation and erosion control plans

Low

Position High

Improving PL566  structures to
increase sediment retention

On

Improving quality of water held by
PL566 structures

On

Installing crops that could be removed
from the watershed (hay, bio fuel or
turfgrass sod) USDA

Installing grazing
practices USDA

management

Grassland

Contour ripping/pasture renovation to
maintain permeability of soils and
increase residence time of water on
soils USDA

Group D

Grassland

High

On

Terracing (in hay fields, in WAFs and
below PL566) to reduce sediment
transport

> 2%

High

Position High

On

Developing  nutrient

plans USDA

management

Cropland
Grassland

On

Educating landowners

Where Applicable
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Table 2: continued

Applying a waste injection program to
directly inject fertilizer/manure/etc.
into soils

Where Applicable

* Universal Soil Loss Equation

Spatially explicit criteria

Location relative to

)
: . Strahler s
o ©
Between Field and Creek Hydrologic | | ), ¢ Slope Landscape | o g Stream £ s | 8|, |& €
BMPs Soil Groups Positions O ol S| | 2| ES
Order = | T =3
5 |2 |lo|2| 2L
Developing recharge structures to 0 Low
reduce runoff and sediment yield Group A/B <2% Position
Installing  vegetation  buffers - Low gibm_aries 100 ft
. .9 .. rder: 1st to
polishing strips Position 4th Buffer
* Universal Soil Loss Equation
Spatially explicit criteria Location relative to
Hydrologic Landscape Strahler o ?
. . e .
In Stream or Gullies BMPs Soil Groups LULC Slope Positions USLE Stream = e 8| L|E|gg
Order Qo mls| < § =3
» a | ol =3 L o
Installing permeable reactive barriers / Small
check dams along downstream gully Tributaries
systems to reduce sediment and Order: 1st
dissolve P in runoff to 2nd
Implementing a watershed riparian Main
\ Low .
restoration program - streambank Position Order: 5th
stabilization to 6th
Installing permeable check-dams in Small
upper reaches of the watershed with Low Tributaries
ponds at the lower extent to reduce Position Order: 1st
concentrated flow to 2nd
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Table 2: continued

Developing constructed wetlands (ex. Low
below PL566 structures) Group D <2% Position
* Universal Soil Loss Equation
Spatially explicit criteria Location relative to
)
. Strahler =
R o ©
Universal BMPs Hydrologic ) ;) ¢ Slope | LAndscape | ;g ex | gtream E |lg|8|L|E|gSE
Soil Groups Positions > o | E 3 5
Order s A1 3| < S o
» a oS |2 |La
Damming ephemeral gullies or 0 Low .
installing porous “gully plugs” > 5% Position High
Implementing range re-vegetation
practices - management for species Where Applicable
beneficial to water detention on land
* Universal Soil Loss Equation
Spatially explicit criteria Location relative to
)
. Strahler S
. o 1]
City BMPs Hydrologic | ;) ¢ Slope | Landscape | ) pue | spream E |lg|8|L|E|gtE
Soil Groups Positions @ n | £ 5
Order = 13| < § S ©
H |a|al| 3 L @

Developing construction site runoff
management for pre/post construction
activities

Where Applicable - At the city level

Treating storm runoff and water
quality by temporary storm storage in
retention ponds and/or associated
wetland

Where Applicable - At the city level

Developing plans for recreation areas,
including storm water planning for
surrounding residential areas

Where Applicable - At the city level

* Universal Soil Loss Equation
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Table 3: BMPs listed by category with their associated effectiveness priority as designated by the
scientific advisory committee

On Farm BMPs Priority

Applying chemical agent to high P fields to reduce P solubility 6

Implementing sub-watershed soil conservation and erosion control plans 8

Improving PL566 structures to increase sediment retention 7

Improving quality of water held by PL566 structures 7

Installing crops that could be removed from the watershed (hay, bio fuel or turfgrass 8

sod) USDA

Installing grazing management practices USDA 6

Contour ripping/pasture renovation to maintain permeability of soils and increase 6

residence time of water on soils USDA

Terracing (in hay fields, in WAFs and below PL566) to reduce sediment transport 5

Developing nutrient management plans USDA 8

Educating landowners 10

Applying a waste injection program to directly inject fertilizer/manure/etc. into soils | 4

Between Field and Creek BMPs Priority

Developing recharge structures to reduce runoff and sediment yield 9

Installing vegetation buffers - "polishing strips" 10

In Stream or Gullies BMPs Priority

Installing permeable reactive barriers / check dams along downstream gully systems 7

to reduce sediment and dissolve P in runoff

Implementing a watershed riparian restoration program - streambank stabilization 9

Installing permeable check-dams in upper reaches of the watershed with ponds at the 8

lower extent to reduce concentrated flow

Developing constructed wetlands (ex. below PL566 structures) 10 bEIOV‘{ PL566,
6 otherwise

Universal BMPs Priority

Damming ephemeral gullies or installing porous “gully plugs” 10

Implementing range re-vegetation practices - management for species beneficial to 7

water detention on land

City BMPs Priority

Developing construction site runoff management for pre/post construction activities | 6

Treating storm runoff and water quality by temporary storm storage in retention 9
ponds and/or associated wetlands

Developing plans for recreation areas, including storm water planning for
surrounding residential areas
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GIS Analysis

GIS analysis was performed to determine which PL566 structures would theoretically require
the most attention and should be considered for further field investigation based upon a series of
indices listed below. Each PL566 was specified by an identification number as presented in
Figure 14 and Appendix Il. Spatial information for each of the six index criteria was collected for
each PL566 watershed using the GIS model and is included in Appendix II.

This analysis consisted of studying the drainage of each PL566 structures using GIS data
gathered and generated for this project. The following information was collected for each
drainage area:

- Slope (%) min, max and average

- USLE min, max and average

- Percentage of Hydrologic Soil Group

- Percentage of Land Use / Land Cover
- Drainage Area in acres

- Presence (or not) of Dairies and WAFs

Using these spatial data, a system of indices was implemented to determine which drainage
area should be most impacted by sediment erosion or/and water pollution and should be
considered for further field investigation.

For each spatial criterion, an index of low, medium or high was determined to express the
potential contribution to sediment erosion and/or water pollution. Values from referenced material
were used to establish the thresholds between low, medium and high index values. The index
values are rated using a log base of 2 similar to the NRCS Phosphorus Index (2006). The sum of
all the indices yields a Guidance Index that categorizes each PL566 structure as low, medium or
high priority based on the total index value accumulated.

Indices

Average Slope is a measure of overall slope within the contributing watershed. Slope is an
important factor in determining the potential energy that water may have when traveling through
a watershed. Lower sloping watersheds (typically < 2%) provide less energy to a watershed than
do steeper sloping watersheds (typically > 5%); however, slope length also contributes to the
potential for soil erosion (Ward and Elliot, 1995). Index values for this particular criterion are
representative of the watershed’s average slope.

Slope Index Index Value
Slope < 2% Low 1
2% < Slope <5% | Medium 2
Slope > 5% High 4
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Average USLE describes soil loss across the entire watershed in tons per acre. USLE represents
the Universal Soil Loss Equation which takes into account rainfall and runoff erosivity, soil
erodibility, the length and steepness of the watershed, ground cover and cover management, and
conservation management practices (Ward & Elliot, 1995).

Erosion loss (tons/ac) Index Index Value
Erosion loss < 4.00 Low 1
4.00 < Erosion loss <8.00 | Medium 2
Erosion loss > 8.00 High 4

Dominant Hydrologic Soil Groups are indicators of a soil’s ability to infiltrate water and have
been divided into four groups. Group A consists of soils with high infiltration rates even when
thoroughly wetted (at least 0.3 in/hr). Soils in this group are usually deep, well drained sands and
gravels. Group B soils have moderate infiltration rates when thoroughly wet (0.15 to 0.3 in/hr).
These soils are typically moderately well to well drained, and moderately deep to deep with a fine
to coarse texture. Group C soils have low saturated infiltration rates (0.05 to 0.15 in/hr) and
typically have a confining layer that discourages downward water movement. Group D soils have
the highest runoff potential and very slow infiltration rates (less than 0.05 in/hr). These soils are
generally swelling clay, soils with a high water table, or thin soils over an impermeable layer
(Ward & Elliot, 1995).

Dof“'“a”t Hydrologic Index Index Value
Soil Group

A 0

B Low 1

C Medium 2

D High 4

Dominant Land Use / Land Cover has an effect on the soils ability to infiltrate water and thus
influence runoff and erosion. Areas that are tilled typically have higher erosive potential and are
thus a greater source for problems while pastures, rangeland, shrublands and forests typically hold
soil onsite more effectively. Coincidentally, these four land types are the most likely candidates
for BMP implementation to have a significant effect on water quality.

Dominant Land Use / [Index Index Value
Land Cover

Others Low 1
Shrubland, Rangeland, Medium 5
Improved Pastures

Cropland High 4
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Waste Application Field and/or Dairy Presence is an important indicator that can have a
significant effect on overall quality of the watershed. Dairies and WAFs can be a source for large
amounts of pollutant entering into the stream channel and their presence must be acknowledged
and accounted for. This index weighs dairies and WAFs equally while doubling the rank if both
are present in the same PL566 drainage area.

Wa_lste App. Field and/or Index Index Value
Dairy presence

No WAF or Dairy Low 1
WAF or Dairy Medium 2
WAF and Dairy High 4

Drainage Area is the size of the watershed. Typically, larger watersheds have a greater potential
for contributing pollutants to a waterway or reservoir due to their size. Despite a large drainage
area receiving a larger load of pollutants, its size could work to its advantage by allowing for
dilution or storage within the system. Small watersheds can also be significant contributors, but it
is less likely. Large watersheds were assigned more weight in this study due to this possibility.

Drainage Area Index Index Value
Area < 2,500 acres Low 1
2,500 acres < Area < 5,500 acres | Medium 2
Area > 5,500 acres High 4

Guidance Index is a cumulative ranking from all six indices described above. The index labels
each PL566 and its associated drainage area with a numerical indicator ranging from 5 for the
lowest problem potential to 24 with the highest problem potential. This is not a final measure that
specifies certain structures as being more at risk than others; it is only an initial screening tool that
attempts to point out potential problem areas and gives us a starting point for further
investigations.

Guidance Index Index # of PLL566
<12 Low 11
13to 15 Medium 18
> 15 High 11
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Discussion

This project’s primary goal is to improve the environmental infrastructure in the Bosque River
watershed. Phase | of the project specifically focused on determining a methodology that would
lead to accomplishing this goal. A scientific advisory committee was established to provide
knowledge and insight into developing the methodology, presenting impacted areas in the
watershed, feasible BMPs, ranking these BMPs, and determining the location where these
management strategies would have the greatest effect. Field evaluations were incorporated to
establish baseline knowledge on existing conditions in the watershed.

Prioritizing Sub-watersheds

The first step of the methodology is to establish which areas of the watershed need the most
improvement and should be targeted for initial BMP projects. Three impact indices were created
to evaluate sub-watersheds and categorize their potential pollutant contributions to the river. A
concentration impact index, load per unit area impact index, and load impact index were created
to evaluate the influence each sub-watershed has on entire watershed health. The load per unit
area impact index evaluates pollutants derived from each individual sub-watershed while the load
impact index and the concentration impact index evaluate pollutants derived from the entire
watershed.

New BMPs

The scientific advisory committee recommended 22 BMPs (Table 1 & Table 2) that would be
appropriate for use in the Bosque River watershed. This list was developed using their knowledge
of the BMPs and their effects on landscape and ecosystem health. The BMPs listed focus on
reducing erosion, pollutant and sediment transport, and improving watershed health.

Prioritizing BMPs

After developing the BMP list, each BMP was assigned a priority index (explained in the
BMPs section) created by the scientific advisory committee to determine a rank for the BMPs
based on their ability to effectively improve water quality, improve watershed health and
economics. BMPs were evaluated for spatial and location sensitive parameters that are pertinent
to their application and effectiveness.

After evaluating the list of BMPs and prioritizing them for relevance and effectiveness in the
watershed, the scientific advisory committee recommended six BMPs that they deemed to be the
best choices for implementation. The six BMPs are:

e Educating landowners as an “On-Farm” BMP

e Developing recharge structures to reduce runoff and sediment yield as a “Between Field
and Creek” BMP
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¢ Installing vegetation buffers as a “Between Field and Creek” BMP

e Developing wetlands downstream from PL566 structures as an “In Stream or Gullies”
BMP

e Damming ephemeral gullies or installing porous “gully plugs” as a “Universal” BMP

e Treating storm runoff and water quality by temporary storm storage in retention ponds
and/or associated wetland as a “City” BMP

The advisory committee believes that these six BMPs will provide the best results in the
Bosque River watershed. These BMPs provide an economical yet effective means of improving
watershed health and will serve to effectively protect current infrastructure. Other BMPs were
deemed effective if used in the proper situation, but would most likely be less effective or more
costly to implement and maintain than the six preferred BMPs. Ultimately, landowners will
decide when and where BMPs they desire will be implemented.

Determining Optimal BMP Locations

Extensive spatial analysis revealed a list of critical parameters that were recommended from
the spatial data evaluated; these were sent to the scientific advisory committee for consideration.
The scientific advisory committee identified and recommended six spatially explicit
criteria/parameters for use in determining optimal BMP locations. Chosen criteria were
hydrologic soil group, land use and land cover, slope of the sub-watershed, landscape position,
average erosion and Strahler stream order. Potential locations for implementing each BMP within
the Bosque watershed are illustrated by GIS derived location maps in Appendix VI. These maps
serve as a guide that can be used as a starting point for BMP implementation. They suggest
locations that appear to be optimum site for the specific BMP based on the data available. These
locations must be verified by a site visit to determine their actual viability for implementing
suggested BMPs.

The scientific advisory committee recommends the use of the concentration impact index to
prioritize location of “In-Stream or Gullies” and “Municipal” BMPs throughout the Bosque
watershed and the load per unit area impact index to prioritize the location of “On-Farm,”
“Between Field and Stream” and “Universal” BMPs throughout the Bosque watershed. The
impetus for this decision was that some BMPs target pollutant concentration or load specifically
and are more effectively placed if evaluated with a particular index.

Existing BMPs

The scientific advisory committee also recommends maintenance and/or improvement to
existing BMPs as an efficient substitute to building new BMPs. Currently, there are two
categories of BMPs in place in the Bosque watershed: 1) a 180-acre wetland just north of Lake
Waco and 2) PL566 structures located in the North Bosque River Sub-basin.

The constructed wetland was established to serve as a water filtering system for water
entering Lake Waco and to mitigate wetland acres inundated by raising water levels in the lake.
The wetland is situated at the end of the watershed just above Lake Waco and intercepts about
11% of the river base flow or between 9 and 10 million gallons daily. This wetland is a relatively
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low maintenance design that typically does not require heavy maintenance by machines. Selective
removal of aggressive plant species is the only common maintenance practice (Conry, 2006).

The U.S. Department of Agriculture Soil Conservation Service built PL566 structures in the
1950s and 60s under funding from PL566. Their expected lifespan was estimated to be 50 years.
Many of the structures are approaching or have exceeded the end of their projected lifespan and
require maintenance and/or improvements to maintain their integrity and beneficial functions.
These structures’ intended purpose was to store runoff during high magnitude rainfall events
delay flow releases downstream. In addition, studies conducted by TIAER (McFarland, 2006) and
BU (Prochnow et al., 2006) demonstrate that these structures play an important role in mitigating
water quality constituents and reducing downstream nutrient concerns.

TIAER studied two PL566 structures and evaluated their ability to remove nutrients from
stormflow. Average removal efficiency ratios for measured constituents were 84% for TSS, 69%
for Organic-P, 46% for Inorganic-P, 69% for NO,-N+NO3-N, 51% for NHs3-N and 49% for
Organic-N (McFarland, 2006).

The scientific advisory committee recommends further investigation of each PL566 structure
to determine the current status of each structure and their potential effects on water quality issues.
Field inspections should occur based on highest priority using the guidance index presented in
this report. McFarland (2006) and Prochnow et al. (2006) demonstrate that those structures in
good condition should be consistently maintained and those in poor condition should be restored
to proper function.
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Conclusions

Phase | of this project was designed and implemented to develop an environmental
infrastructure improvement plan for the Bosque River Basin. Spatially explicit and non-spatial
time series data were integrated from multiple resources to illustrate diverse land characteristics,
water bodies, and potential natural and anthropogenic sources of contamination in the basin. The
most current and readily available data were obtained from TIAER, BREC, TAMU-SSL,
SSURGO, TNRIS and Texas A&M University.

The scientific advisory committee (Appendix VII) was assembled to provide expertise and
guidance regarding appropriate BMPs for environmental infrastructure improvement in the basin,
optimal location on the landscape and potential benefits from implementation. They were charged
with developing a strategy that matches priority areas within the watershed with appropriate
BMPs that would improve the health and protect infrastructure in the watershed while remaining
economical and easy to maintain.

The scientific advisory committee also approved a methodology that should be employed
when determining which BMPs to use in particular areas of the watershed. The recommended
plan of action is:

1. List and categorize feasible BMPs as: “In-Stream or Gullies,” “Municipal,” “On- Farm,”
“Between Field and Creek” or “Universal.”

2. ldentify sub-watersheds requiring the most improvement.

3. Use the concentration impact index map to prioritize the location of “In-Stream or Gullies”
and “Municipal” BMPs throughout the Bosque watershed.

4. Use the load per unit area impact index map to prioritize the location of “On-Farm,”
“Between Field and Creek” and “Universal” BMPs throughout the Bosque watershed.

5. For each sub-watershed selected, determine which BMPs should be implemented in priority
by considering the BMP list and the priority index associated to it.

6. Finalizing the location of each BMP in each sub-watershed by referring to the BMP location
maps.

By determining most impacted areas, effective BMPs, optimal locations for these BMPs and
expected benefits; the current methodology provides a balanced approach to the development of
an environmental infrastructure improvement plan for the Bosque River Basin. This system
provides effective procedures for identifying priority areas and BMPs that will yield the most
significant improvement in watershed health and quality.
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Recommendations

Recommend establishment of a Project Advisory Team composed of USACE, USDA-
NRCS, Texas A&M research and Extension personnel, and watershed stakeholders in
anticipation of receiving federal funding for BMP implementation and practice
verification. Strengths from NRCS working with landowners to address on-farm activities
partnered with USACE capabilities for in-stream and wetland issues can provide the
systems approach necessary for infrastructure improvement. The university personnel can
facilitate needed education and outreach, as well as studies necessary for assessment and
practice verification.

In conjunction with the Project Advisory Team, develop GIS-based prioritization of
watersheds and appropriate waterbodies, streams, tributaries with categorization of in-
stream/gully, municipal, on-farm, upland/riparian interface and universal land units.
Assess stakeholder willingness to participate in voluntary programs. Conduct stakeholder
meetings within the watershed to further understand who would be interested in
participation and specific cost share levels or other requirements to assure program
viability. Determine appropriate subsidies and design cost-share program. Gather
appropriate field information for prioritization process.  (Bosque Environmental
Infrastructure Improvement Plan — Phase I1)

Conduct economic feasibility study and watershed ranking based on priority matrix.
Conduct modeling exercise to determine potential impacts of selected BMP’s within
priority sub-watersheds. Project Advisory Team begin implementation of BMP’s based
upon potential impacts illustrated through watershed modeling efforts (Proposed Phase
).
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GIS DATA

For the Environmental Infrastructure Improvement Plan for the Bosque River Basin, all
known existing GIS data have been gathered. Those data came from:
- The Texas Institute for Applied Environmental Research (TIAER)
- The Blackland Research and Extension Center
- The Spatial Sciences Laboratory (TAMU SSL) from Texas A&M University
- The Soil Survey Geographic (SSURGOQO) Database available online at
http://soildatamart.nrcs.usda.gov/
- The Texas Natural Resources Information System (TNRIS) website available at
http://www.tnris.state.tx.us/
- Dr Munster and Dr Vietor from Texas A&M University
Using those data and some information extracted from studies related to the Bosque River
Basin, GIS data were also generated by the Spatial Sciences Laboratory.

Data from TIAER
TIAER delivered the following data:

PL566 Location & Design Information

Three spreadsheets listed below contain general location and design information for the 40
PL566 reservoirs in the upper North Bosque River watershed. These 40 PL566 reservoirs are
labeled using SCS numbering for reservoirs in the Green Creek (GC) watershed and in the upper
Bosque (UB) watershed, which corresponds to labeling on the GIS layer.
PL566_labelingx.xls — defines the creek or tributary where the PL566 reservoir is located
PL566_design_infox.xls — contains general design information, such as spillway elevation and
weir length
Storage_Volume_to_Elevation.xls — contains information relating storage volume and surface

area to the elevation of water in the reservoir

PI566_dd.shp

Dairy Locations

The dairy location GIS shapefile is named dairy2005_dd.shp and is current as of October
2005. The file is unprojected (decimal degree format). The attribute table associated with the file
indicates the dairy’s status (active or inactive) and whether or not the permitted or unpermitted.
The permitted number of cows is also listed.

WAFs

all_wafs_2005update_dd.shp (dairy) and Salebarn_feedlots_dd.shp (other) represent the
most current WAF information found in TCEQ files as of May 2005. The layer includes both
active and historical fields. Some fields receiving dairy waste (third party fields) may not be
mapped due to dairy operators’ use of contract haulers. Information regarding waste applied by
contract haulers is not noted in the current permits and thus is not mapped in the current 2005 GIS
layer. Additionally, there are some calf-raising facilities in the watershed with pending permit
applications for which we were unable to get WAF information.
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WAFs for small dairies are included in the layer. In cases where small dairies (those less than
200 head) had waste management plans on file at TCEQ the waste fields were mapped as noted in
the plans. For small dairies under the TSSWCB’s jurisdiction specific information on the size and
location of the waste fields is not available. In this case, TSSWCB made aggregate data available
and the fields were estimated and drawn using orthoquads as guidance. These fields are noted as
estimated in the attribute table.

Historical WAFs are those designated in 30 TAC 321.32 (21) as “an area of land located in a
major sole-source impairment zone that at any time since January 1, 1995, has been owned or
controlled by an operator or a CAFO and on which agricultural waste or wastewater from a
CAFO has been applied.” Dairy WAFs that were associated with dairies that have gone out of
business since 1995 were designated as historical WAFs.

These layers have not been clipped to the watershed boundary and are in geographic (decimal

degree format).

Wastewater Treatment Plant (WWTP) Information
There are nine WWTP that discharge within the Bosque River watershed (Table 1).

Municipality | TIAER ID Discharge Location

Stephenville | TP040 North Bosque River

Hico LB010 Jacks Hollow Branch, North
Bosque River

Iredell LB020 North Bosque River

Meridian LB030 North Bosque River

Cranfills Gap | LB035 (never | Austin Branch of Meridian

monitored) Creek, which flows into the

North Bosque River

Clifton LB040 North Bosque River

Valley Mills LB050 North Bosque River

Crawford LB060 Middle Bosque River

McGregor LB070 South Bosque River

The wwtplocation.xls spreadsheet file contains latitude and longitude information on the
location of the discharge for eight WWTPs in the Bosque River watershed as measured by
TIAER. This file does not include the discharge location for the WWTP at Cranfills Gap. The
WWTP facility at Cranfills Gap did not begin until July 2003. The plant facility is located at
31°36.29’ latitude, 97°49.22° (NAD83) according to the facility information on the EPA web site.

TIAER routinely monitored the discharge from the six WWTPs along the North Bosque River
and the two located along the Middle and South Bosque Rivers from December 1995 through
May 2000. The file wwtp_hist.xls contains basic statistics (mean, median, standard deviation,
maximum, minimum and number of observations) for these routine samples for nutrients and
suspended solids. Of note, the Crawford plant was upgraded during this monitoring period and
did not discharge from April 1996 through January 1997 as the new treatment lagoons were
filling. Discharges from the Crawford plant were limited in 1997, 1998 and did not occur at all in
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1999 and into 2000 due to the size of the new treatment lagoons and the effect of surface
evaporation limiting potential discharge volume.

Historical average daily discharge by month for the seven WWTPs in the North Bosque River
watershed is contained in the spreadsheet waste flowx.xls. The timeframe goes back to 1990, if
data were available, and goes through early 2005. All discharge information is self-reporting data
reported by the WWTPs to TCEQ. Most recent discharge and other self-reporting data are
available from the USEPA Enforcement and Compliance History web site at
http://www.epa.gov/echo/compliance _report_water.html.

From May 2000 through February 2005, TIAER continued to monitor the effluent discharge
from the Stephenville WWTP on a biweekly basis. Data from this time period for the Stephenville
plant are summarized in the file tp040May00-Feb05.xls. A special study was also conducted in
early 2005 of the discharge from the plants at Stephenville, Hico, Meridian and Clifton with the
data summarized the spreadsheet wwtp_24hr_ss.xls. All eight plants along the North Bosque
River are now required to report total P concentrations and loadings. TP and flow data available
from TCEQ and EPA as of July 1, 2005 are contained in the spreadsheet
WWTP_EPA data_asofO1jul05.xls. Of note, the Stephenville and Clifton WWTP have
recently gone through upgrades as part of the North Bosque TMDL for SRP. The Clifton WWTP
started using alum as part of its wastewater processing to decrease P discharges in early 2005 and
is still refining the alum treatment amounts. The Stephenville WWTP is using alum and a
polymer to decrease P. The Stephenville WWTP upgrade was due to come on line the end of
2005, so the data presented do not reflect discharge nutrients for the Stephenville plant with the
new treatment system.

Historical Water Quality Monitoring Data

Historical water quality data are routinely summarized in TIAER’s Semiannual Water Quality
reports. These can be found within the research library on our web site at:
http://TIAERG.tarleton.edu/library/library.cfm
The most recent report is TR0508 “Semiannual Water Quality Report for the North Bosque River
watershed and Lake Waco, January 1, 2000 — December 31, 2004.” TIAER stopped monitoring
along the South and Middle Bosque Rivers and Hog Creek in March 2003. For data for the South
Bosque, Middle Bosque and Hogg Creek, | suggest you look at report TR0401, “Semiannual
Water Quality Report for the Bosque River Watershed, July 1, 1998 — June 30, 2003.”

Data from BREC
BREC delivered the following data:

SWAT Outputs

The SWAT model was done with funding from USDA/NRCS through TIAER through
National Pilot Project on Water Quality. The title of this study was "USDA Lake Waco/Bosque
River Initiative: Water Quality Modeling of Bosque River watershed using SWAT for the
Assessment of Phosphorus Control Strategies." The model was completed in June 2001. Most of
the data was compiled using 1997-1998 data sources with historical climate and stream flow data
going back to 1960.
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The different scenarios included:
e Current Conditions (1997-98) Baseline
e Future conditions projections for year 2020 with existing practices.
Baseline 2020
e Haul off --All solid manure was hauled out of the watershed. Liquid manure was applied to
WAFs which amounted to approximately 12% of the manure from dairies.
e Control of WWTP from urban communities in the study area. With Effluent levels of .5, 1.0,
1.5, and 2 mg/l from WWTP
e Combined BMP's (1.0 mg/I of P) for WWTP and Haul off Scenarios.
1. Current conditions- Haul off plus 1.0mg/l of P in WWTP (Scenario 1)
2. Future conditions (2020) and 1.0 mg/I of P in WWTP and future population projections.
(Scenario 2)
3. Scenario 2 plus restriction imposed to limit waste applications fields (WAF) to present
day permitted WAF areas. (Scenario 3)

NHD

The National Hydrography Dataset (NHD) is a newly combined dataset that provides
hydrographic data for the United States. The NHD is the culmination of recent cooperative efforts
of the USEPA and the U.S. Geological Survey (USGS). It is currently based on the content of the
USGS 1:100,000-scale data, giving it accuracy consistent with those data. Data are in decimal
degrees on the North American Datum of 1983. The bosque NHD_waterbodies.shp and
NHDflow.shp were extracted from the NHD of hydrologic unit 1206 and contains only the
Bosque watershed.

12 digits watersheds
The shapefile named 12_digit_watersheds.shp contains all the 12 digits sub-watersheds that
composed the Bosque watershed.

DEM
Agreedem is a digital elevation model of 9.3 meter pixel.

Two positions

This shapefile two_position_catchments.shp represents the relative position between stream
and ridge. There two types of position: high and low. The low position is composed of the 25-
30% of this position and is defined as the lower points in the landscape.

Bosque watershed boundary
The shapefile named Watershed _boundaries.shp is the general boundaries of the Bosque
watershed.
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Data from TAMU SSL
The Spatial Sciences Laboratory provided the following data:

2004 Digital Orthophoto Quadrangles (DOQs) for the following Counties:
- Bosque County
- Comanche County
- Coryell County
- Eastland County
- Erath County
- Hamilton County
- McLennan County
- Somervell County
Those DOQs are color-infrared images with 1-meter ground resolution.

Land Use
A Land Use/ Land Cover data for Bosque river watershed has been developed by TAMU SSL

from recent LANDSAT-7 ETM satellite imagery (2001-2003). The final data is a raster named
mixutmnad83 that classifies the land use in the Bosque watershed in 10 major classes:

- Mines/Range/Pasture

- Quarries/Mines

- Urban

- Cropland

- Improved Pasture

- Rangeland/Improved pasture

- Shrubland/Rangeland

- Evergreen

- Deciduous

- Water

Data from SSURGO
The soil data downloaded were for: - Bosque County (TX035)
- Coryell County (TX099)
- Erath County (TX143)
- Hamilton County (TX193)
- McLennan County (TX309)
- Hood and Somervell Counties (TX609)

Those data covered the whole Bosque watershed. They contained spatial and tabular data. The
tabular data were imported in a database.

Data from TNRIS
Highways
The coverage highways represents the major highways for the state of Texas.
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Cities boundaries
The coverage cities represents the major cities for the state of Texas.

Railroads
The shapefile named rail100k.shp represents the major rail roads for the State of Texas at a scale
of 1:100,000.

Counties
The coverage named Cnty24 dd.shp represents all the Counties for the State of Texas at
1:24,000.

Data from Dr. Munster and Dr. Vietor - TAMU

Dr. Munster and Dr. Vietor developed the concept of Turfgrass BMP, which they presented in
various publications (Munster et al., 2004; Hanzlik et al., 2003 and Stewart et al., 2004). A
geospatial database of suitable turfgrass production sites was developed for Erath County using
GIS and was used in the Environmental Infrastructure Improvement Plan for the Bosque River
Basin.

Data generated by TAMU SSL for the study
BMPs

A combination of spatial criteria was used to define the potential location of each BMP. For
each BMP a potential location data was generated (usually in raster format). A total of 16
potential BMP locations were generated.

Slope
Using the DEM provided by BREC, the slope was calculated in percent and a raster named
slope was generated.

Hydrologic Soils Groups

Using the hydgrp field of the component table of SSURGO database a shapefile named
SoilGroup.shp was generated. This shapefile represents a group of soils having similar runoff
potential under similar storm and cover conditions. Soils are classified by the Natural Resource
Conservation Service into four Hydrologic Soil Groups based on the soil's runoff potential. The
four Hydrologic Soils Groups are A, B, C and D; where A's generally have the smallest runoff
potential and Ds the greatest. Details of this classification can be found in ‘Urban Hydrology for
Small Watersheds’ published by the Engineering Division of the NRCS, USDA, Technical
Release-55.
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Strahler Stream Order
Using the NHDflow shapefile, the Strahler order was determined for each reach and a
shapefile named Stralher.shp was generated.

USLE

Using the swat outputs for the existing scenario at the sub-watershed level, a shapefile named
USLE.shp was generated. This shapefile presents the average annual soil loss in mass per unit
area per year for each sub-basin.

Water Quality

Using the water quality data from TIAER publications (T. Adams, October 2005 and N.
Easterling and A. McFarland, March 2004) and the spatial locations of the TCEQ stations, two
shapefiles were generated: WaterQuality _utm14.shp and WaterQuality_sub.shp.

WaterQuality _utml4.shp represents the water quality data at the TCEQ stations obtained
from TIAER publications (TR0401 and TRO0508). TP, PO4-P, Sediment, and E. coli
concentrations are represented with the percentage exceeding screening level (defined by TCEQ)
for grab and storm samples.

WaterQuality_sub.shp represents the water quality data from TIAER publications (TR0401
and TR0508) generalized at the sub-watershed level. The TSS, TN, and TP concentrations are
expressed in mg/L.

PL566 drainage area

Using the digital elevation model, a shapefile named PL566_nbed_40.shp was generated that
present the drainage area of the 40 PL566 structures. Another shapefile named
2PL566watersheds_field.shp was created that represents the drainage area of the 2 PL566
structures visited during the field trip.
High position / Low position

Using the two_position_catchments.shp, two shapefiles were created
Bosque_LowPosition.shp that contains only the low positions in the landscape and
Bosque_HighPosition.shp that contains only the high positions in the landscape.

SWAT outputs per sub-basin

Using the swat outputs per sub-basin, a shapefile named swat_subbasin.shp was generated.
The data are: loads per unit area. The data contained are: water yield in mm, precipitation in mm,
ratio of water yield versus precipitation in percent, surface runoff in mm, sediment yield in t/ha,
USLE in t/ha, sediment N in kg/ha, soluble N in kg/ha, TN in kg/ha, sediment P in kg/ha, SRP in
kg/ha, and TP in kg/ha.

Cumulative SWAT outputs

Using the cumulative swat outputs through the watershed, a shapefile named
swat_cumulative.shp was generated. The data are: loads and concentrations. The data contained
are: sediment load in kg, TN load in kg, organic P load in kg, SRP load in kg, TP load in kg, flow
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in m®, sediment concentration in kg/m®, TN concentration in kg/m?, organic P concentration in
kg/m®, SRP concentration in kg/m®, TP concentration in kg/m®.

Slopes

Using the slope raster and reclassifying it, 3 rasters were generated: Slope_m5pct_30 that
contains pixels of 30m with a slope more than 5%, Slope_m2pct_30 that contains pixels of 30m
with a slope more than 2%, and Slope_I2pct_30 that contains pixels of 30m with a slope less than
2%.

Active Dairies
Using the dairy2005_dd data, a shapefile named Active_Dairies.shp was generated that
represents only the location of active dairies.

Bosque Counties
Using the Cnty24 dd coverage, a shapefile named Counties Bosque_utml4.shp was
generated that comprises only the seven Counties containing the Bosque watershed:
- Bosque County
- Coryell County
- Erath County
- Hamilton County
- McLennan County
- Comanche County
- Somervell County
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APPENDIX 11

PL566 Analysis
Drainage Area Spatial Data
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Meetings Overview

The purpose of these meetings was to gather a scientific advisory committee to provide
expertise and guidance regarding appropriate BMPs for environmental infrastructure
improvement in the basin and their optimal location on the landscape and expected benefits.

This committee (see Appendix VII) was assembled containing scientists from: USDA, NRCS,
BRA, Waco Chamber of Commerce, City of Waco, BREC, Texas Cooperative Extension,
University of Texas Marine Sciences Institute, TWRI, TIAER, Texas A&M University, Texas
Farm Bureau, TSSWCB, BU, the Texas Water Development Board, and the USACE.

To determine where the improvements were needed, it was decided to use a GIS model based
on spatially explicit data that illustrate divers land characteristics, waterbodies, and potential
sources of contamination in the basin. Those data (see Appendix I) came from TIAER, BREC,
TAMU SSL, the SSURGO Database, TNRIS website and Texas A&M University. This model
was to be developed by the TAMU SSL and approved at every step by the scientific advisory
committee

The committee was gathered every two months to follow up on the project’s development and
provide expertise and guidance.

During the first meeting, the committee was invited to a field trip (Appendix 1V) to meet local

representatives and stay well-informed about what is occurring in the Bosque watershed. Then,

the scientific advisory committee was encouraged to:

1. Recommend BMPs that could potentially be appropriate for improvement to the
environmental infrastructure of the Bosque River watershed

2. Determine what experts were missing to complete this committee

For the second meeting, additional experts were invited to join the committee; they were
principally scientists with soil expertise. Then, the scientific advisory committee was encouraged
to:

1. Review the list of BMPs that would be most appropriate to improve the environmental
infrastructure of the Bosque watershed. This list was finalize to 22 BMPs that are subdivided
in five types: “In-Stream or Gullies,” “City,” “On-Farm,” “Between Field and Creek” and
“Universal”

2. Determine a priority index with values from 1 to 10 (1 being the lowest priority and 10 being
the highest priority), for each BMP; this priority index indicating which BMPs should be
implemented first.

3. Identify which parameters would be appropriate to determine the most impacted sub-
watersheds in the Bosque River basin, and therefore the areas of main focus when localizing
BMPs?

During the third and last meeting, the committee was invited to:
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Review the impact index that was developed using concentration and load data.
Review the overall methodology developed to improve the environmental infrastructure on
the Bosque River Basin; this methodology determining what kind of improvements/BMPs

should be considered and where should they take place.
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APPENDIX IV

Meeting 1

- Meeting Agenda

- Meeting Attendance
- Meeting Minutes
- Meeting Pictures
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AGENDA

Bosque River Environmental Infrastructure Planning Project
Scientific Advisory Group Meeting #1
February 21-22, 2006
Brazos River Authority
Waco, Texas

February 21, 2006
Field Trip through the Watershed

Field Trip Stops:
- Meridian Community Center
- Property of Larry Lawson — Bosque River Frontage — Bosque County
- Meridian Golf Course — Bosque River Frontage — Bosque County
- PL566 Structure — Headwaters Bosque River Watershed — Erath County

February 22, 2006
Discussions at BRA

8:45a.m.-9:45a.m. Listing of BMPs
* Off — Channel
*On — Channel
* On-Farm
10:00 a.m. -10:45a.m.  Continued Development of BMP List & Landscape Parameters

11:00 a.m. - 12:00 p.m.  Conclusion of discussions and Setting of Next Meeting
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Allan Jones

Bill Fox

Scott Keating
Ned Meister
Michelle Thrift
Becky Griffith
John Ellis

Jeff Walker

Thad Scott

Shane Prochnow
Tom Conry
Larry Hauck

Paul Dyke
Armen Kemanian
Tom Gerik
Daniel Nichols
Stoney Burke
Raghavan Srinivasan
Julie Villeneuve

Meeting #1 Attendance:

57



Bosque Meeting #1 Minutes
February 21-22, 2006

Tuesday February 21, 2006 — Trip on the Bosque Watershed

Stops:
- Meridian Community Center
- Property of Larry Lawson — Bosque River Frontage — Bosque Co.
- Meridian Golf Course — Bosque River Frontage — Bosque Co.
- PL566 Structure — Headwaters Bosque River Watershed — Erath Co.

I. Meridian Community Center
Meeting with the local representative and a landowner:
- County Agent: David Winkler
- County Judge: Cole Word
- County Commissioner from Precinct #2: Durwood Koonsman
- Land Owner: Larry Lawson
- Mayor:

Allan Jones: What would the city like to see take place to help with Bosque River issues?
Local representatives: Work to get treated water to the golf course.

A.J.: Would you like to put in wetlands?

L.Rep: How much area do you need for wetlands?

A.J.: It depends of the goal. What are your goals?

L.Rep: Cleaning up the Bosque River.

Becky Griffith: USACE wants to help suggest potential BMPs that could be voluntarily
implemented within the watershed by communities, land-owners or other entities

A.J.: It has to be something that you want more than what you already have in place. The USACE
program is about improving environmental infrastructure associated with the river. This type of a
program is a first for USACE. The current phase of the project is to get the initial pieces of a
planning project together.

L.Rep: Let’s do it.

I1. Visit of Larry Lawson’s property
A.J.: What would you like on your property?
L.L.: More wildlife and a better looking river.

I11. Visit of Golf

Main idea: Set up a system that can further treat water from the city as it works its way through
water features associated with the local golf course and prior to re-entering the Bosque River
proper.

Site at the bottom of the golf course: deep gully with natural limestone bottom. Might have some
opportunities for local nature center or other uses. The local folks considered this area, lost land,
however with some new ideas, might be able to convert to beneficial lands.
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IV. Visit of the PL566
BRA: The area of this PL566 is about 40 acres. There used to be two dairies upstream. Nowadays
only one of them is active. It is filled in at about 40%.

Tuesday February 22, 2006 - Initial discussion on potential BMP’s for Bosque River

Watershed — Brazos River Authority

I. BMPs — Efficiency vs. Cost Benefits
e On-Farm BMP’s are less expensive and usually require lower maintenance costs:
Examples provided by participants include
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Shallow depressions in upland systems — on-farm practice

Damming ephemeral gullies — on-farm practice

Installing grazing management practices with landowners — on-farm practice
Installation of vegetation buffer systems on farms

Development of water diversion systems at the lower slope of WAFs to provide
for more residence time of water on the land

Terracing in hay fields and WAFs

Development of constructed wetlands above PL566 structures

Implement range revegetation practices

Contour ripping/pasture renovation to maintain permeability of soils and increase
residence time of water on soils

Development of “polishing strips” downstream from WAFs or dairies to provide
secondary water treatment from runoff

Installation of rock/reed filter strips with controlled inlet and outlets

Bauxsol (sp.) — P “lockdown”...could be used in row crops or waste management
fields

Installation of hay meadows that provide secondary outputs that could be removed
from the watershed (selling hay outside Bosque watershed)

Ag Lime applications to WAFs

Break up of plowpan

e Off-Channel BMP’s

(0]

(0]

PRBs along downstream gully systems can vary the residence time of water on
landscape

New PL566 structures (if part of the approved plan and funding and landrights can
be obtained)

Application of a waste injection program to directly inject fertilizer/manure/etc.
into soils (must consider whether to purchase or contract such a system