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EXECUTIVE SUMMARY

In 2005 EPA released a guidance handbook for developing watershed-based
management plans (EPA, 2005). This Watershed Management Plan (WMP) has been developed
based largely on the 2005 EPA guidance and addresses the nine minimum elements required by
EPA in plans written for the 319 Non-Point Source Control Program. Preparation of this plan
was funded partially by an EPA 319 Grant (Sub-Grant Agreement 20-1100) through the
Arkansas Department of Agriculture, Natural Resources Division (NRD). The City of Maumelle,
the sub-grantee, and the White Oak Bayou Wetland Conservancy (WOBW(C) have been the
driving force, and the catalyst for this watershed plan, in the White Oak Bayou Watershed
(WOB) over the past six years.

The WOB is not on the NRD priority watershed list but is a locally at-risk water. The
Arkansas Department of Energy and Environment, Division of Environmental Quality (DEQ)
placed the White Oak Bayou on the Arkansas 303(d) list for dissolved oxygen, pH, copper, and
lead. The listing is considered low priority, but its proximity to one of the fastest growing areas
in Arkansas make it highly vulnerable to continued degradation. Many waterways are
encroached on by development and hydrographs are showing some spikes that are causing
land and stream channel erosion in areas. Beaver dams throughout the area are backing up
water, causing localized flooding, slowing velocities, and increasing residence time in wetland
areas, which could be a contributor to low dissolved oxygen levels.

The WMP includes identification of critical sub-watersheds and ranked implementation
measures to reduce non-point source pollution loading from critical areas. The assessment
portion of this plan contains data collected over approximately 9 years, with the most recent
data being collected from 2020-2023 specifically for development of this plan. The ranking of
key/critical sub-watersheds (Figure ES-1) and the proposed management measures are based
largely on that assessment work.

The White Oak Bayou is a HUC-12 watershed (HUC- 111102070401) where it discharges
to the Lower Arkansas River (HUC- 11110207) and is approximately 42 mi? in size (Figure 2.1).
The watershed is located in the Arkansas River Valley Ecoregion (Omernick, 1987), in Pulaski
County Arkansas. Overall, the watershed is dominated by forest land uses (52%) (Figure 2.2)
which are mostly on the grounds of Camp Robinson and in lower reaches of the watershed. Hay
and/or pasture land uses comprise approximately 8%, water and wetlands comprise
approximately 4%, while developed areas make up approximately 32% of the watershed (NLCD,
2021).

Due to the obvious large percentage of developed (urban) area in the watershed this is a
primary concern and a focus of assessment and implementation efforts.



Figure ES-1. Ranked key sub-watersheds for implementation.

Reductions in total suspended sediment (TSS) loading of approximately 20%, will be
targeted in critical/priority areas in an effort to improve water quality, ensure improvement



and maintenance of the state in-stream criteria and reduce sediment loading (and other
associated pollutants) to the Bayou and the greater Arkansas River.

The primary recommendations to improve water quality, for the key/priority sub-
watersheds in this WMP, are provided in Section 6, and a summary is provided the table below.

Table ES-1. Prioritization of recommended Watershed Management Practices.

Rank White Oak Bayou Sub-Basin Management Action (Practice)

Henry, Golfcourse, Banaszak,

1 Newton Creek, Sharkey and Streambank stabilization
Dogpark
Sharkey, Golfcourse, Golfdog,
2 Dogpark, Ballfields and Riparian buffer/Vegetated filter Strips
Banaszak
3 Vestal, Dogpark, Ballfields, Implementation of residential/commercial
Golfcourse and Golfdog BMPs (including street sweeping)

WOB-1, Burnspark and

4 Sharkey Unpaved road maintenance and upgrades
5 All sub-watersheds Conservation of wetlands and other key green
areas
6 Pumpstation, Sharkey and Implementation of residential/commercial
Burnspark BMPs

7 Pumpstation and Burnspark Riparian buffer/Vegetated filter Strips




1.0 INTRODUCTION

Since the late 1980s the Environmental Protection Agency (EPA) has encouraged states
and territories to manage their waters using a watershed approach. The watershed approach
provides a framework to assess and manage water quality and water resources on a drainage
basin (watershed) basis. Using a watershed basin approach, the attention not focused only on
point source discharges (sewage and wastewater treatment plants) and stream disturbances in
the stream corridors, but also on of anthropogenic land uses and the effects they have on
stormwater run-off (non-point sources) in the watershed.

In 2005 EPA released a guidance handbook for developing watershed-based
management plans (EPA, 2005). This Watershed Management Plan (WMP) has been developed
based largely on the 2005 EPA guidance and addresses the nine minimum elements required by
EPA in plans written for the 319 Non-Point Source Control Program (Table 1.1). Preparation of
this plan was funded partially by an EPA 319 Grant (Sub-Grant Agreement 20-1100) through the
Arkansas Department of Agriculture, Natural Resources Division (NRD). The City of Maumelle,
the sub-grantee, and the White Oak Bayou Wetland Conservancy (WOBW(C) have been the
driving force, and the catalyst for this watershed plan, in the White Oak Bayou Watershed
(WOB) over the past six years.

Table 1.1. EPA nine minimum elements.

Location Addressed in

EPA Nine Mini El t
ine Minimum Elements Watershed Management Plan

Element 1- Identification of causes of impairment and pollutant sources Section 3.0, 4.0, 5.0
Element 2- Estimate of load reductions expected from management .

Section 4.0
measures

Element 3- Non-point source measures required to achieve load reductions | Section 6.0
Element 4- Estimate of funding needed and sources of funding to

. Section 9.0
implement plan
Element 5- Information and education component Section 8.0
Element 6- Schedule for implementation Section 6.0
Element 7- Interim measurable milestones Section 6.0
Element 8- Criteria to measure success of reduction goals Section 7.0
Element 9- Monitoring component to evaluate effectiveness of .
Section 7.0

implementation measures

The WOB is not on the NRD priority watershed list but is a locally at-risk water. The
Arkansas Department of Energy and Environment, Division of Environmental Quality (DEQ)
placed a section of the White Oak Bayou on the Arkansas 303(d) list for dissolved oxygen, pH,



copper, and lead. The listing is considered low priority, but its proximity to one of the fastest
growing areas in Arkansas make it highly vulnerable to continued degradation. Urbanization is
encroaching on many streams and wetlands which is impacting both peak storm hydrographs
and water quality. Beaver dams throughout the area are backing up water, causing localized
flooding, slowing velocities, and increasing residence time in wetland areas, which is generally
considered beneficial ecologically, but could be a contributor to low dissolved oxygen levels.

Various concerns have been raised over the years by local agencies and concerned
citizens regarding development in and around the bayou’s watershed. The U.S. Army Corps of
Engineers, Little Rock District started working toward a management strategy to protect
wetlands within the White Oak Bayou watershed in the 1970s. However, it was not until 2007
that funding was secured to develop a process for managing wetlands more effectively within
the White Oak Bayou Watershed. It was at that time the City of Maumelle applied for and
received funding from an EPA Region 6 Wetland Program Development Grant (WPDG) to
pursue a management strategy for wetlands within the White Oak Bayou watershed. Additional
funding has been received since that time to continue the development of the project. This
funding has provided an avenue for mapping, assessment, and management planning related to
wetlands within the watershed, and has created a springboard for educational programs and
community interactions related to the White Oak Bayou. The wetland management plan was
finally completed in 2018 with the following primary objective:

The White Oak Bayou Wetland Management Plan manages, protects, and enhances
wetlands in the White Oak Bayou watershed consistent with environmental, economic,
and social values of interested and affected groups including the general public. The plan
educates the public, identifies best management practices, and develops management
tools and wetland usage options specific to the locale. As an ecosystem-based plan, it
stresses that urban development proceeds best when it balances property rights and
interests with aesthetics and wetland system function within the watershed.

Historically, wetlands associated with White Oak Bayou were used for a variety of
purposes including providing an important source of food through hunting and fishing activities.
Harvested timber from both wetland and non-wetland areas was utilized for building homes,
fences, etc. Many of the historically forested areas were cleared to make way for small pastures
and hayfields in the more agrarian portions of the watershed east of Interstate 40. Currently,
development in the urbanizing portions of the watershed provides even greater threats to the
long-term viability of the wetland ecosystem within the watershed.



Six of the NRDs objectives for watersheds in Arkansas (ANRC, 2018) will be
accomplished through, or as a result of development of this WMP, and many of the remaining
11 objectives will be set in motion by this plan’s implementation priorities. The six that will be
accomplished are:

19.1. Continue development of the Nine Element Plan until U.S. Environmental
Protection Agency (EPA) approval is obtained.

19.2. Continue to develop support for implementation of the Nine Element Plan among
potential cooperating entities and the general public.

19.3. Provide technical and financial assistance to local cooperating entities to
implement the Nine Element Plan as resources allow.

19.5. As resources allow, use remote sensing and Geographical Information Systems
(GIS) analysis to identify sub-watersheds where more extensive assessment is needed.
Conduct targeted geomorphological and bioassessment to identify and target
implementation of streambank stabilization projects for high impact sites.

19.6. Continue to refine models as new data becomes available to represent sediment
and nutrient loads in the watershed and instream processes to enable prioritization of
implementation projects in sub-watersheds.

19.12. Continue to increase public awareness and provide education to build support for
citizen action to improve water quality in the watershed.

Based on the study results and the 2018 and 2020 (draft) 303(d) listing, sediment
(turbidity), pH, oxygen demanding wastes and metals appear to be the principal concerns in
run-off from land surfaces in the watershed and from in-channel processes (i.e., erosion and
scour).

This WMP has been developed based primarily on evaluation/analysis of existing
watershed monitoring data and new data collected over the past three years specifically to
develop this WMP. The WMP includes identification of critical sub-watersheds at a small scale
and ranked implementation measures to reduce non-point source pollution loading from
critical areas. This WMP will be used to direct watershed protection activities and watershed
restoration activities with the goal being reduction of pollutant loading and protection of the
watershed.

2.0 WATERSHED DESCRIPTION

The White Oak Bayou is a HUC-12 watershed (HUC- 111102070401) where it discharges
to the Lower Arkansas River (HUC- 11110207) and is approximately 42 mi? in size (Figure 2.1).



The watershed is located in the Arkansas River Valley Ecoregion (Omernick, 1987), in Pulaski
County Arkansas.

Figure 2.1. Location of White Oak Bayou in Pulaski County, Arkansas.

Overall, the watershed is dominated by forest land uses (52%) (Figure 2.2) which are
mostly on the grounds of Camp Robinson and in lower reaches of the watershed. Hay and/or
pasture land uses comprise approximately 8%, water and wetlands comprise approximately 4%,
while developed areas make up approximately 32% of the watershed (NLCD, 2021).



Figure 2.2 Land use map of the watershed (NLCD, 2021)

Soils on the land surface in the sub-watersheds are primarily dominated by the Linker-
Mountainburg association, Linker, and Leadvale soils. These soils are composed mostly of a
gravelly fine sandy loam, fine sandy loam and silt loam and have a moderate overall potential
for erosion. Slopes are fairly flat overall (10 sub-watersheds less than 8% on average) with the
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remaining sub-watersheds averaging a moderately steep slope between 8% and 13%. The
moderately steep slopes in the watershed make it somewhat vulnerable to erosion in un-
forested areas. Maps of slope and soils are provided in Section 3.3 of this WMP.

Issues affecting water quality within the watershed vary dependent upon the
geographic location, nature of potential inputs, and wetland type receiving stormwater inputs.
Figure 2.3 provides a visual glance at the types of streams, wetlands, and topography found
within the White Oak Bayou watershed as one moves from the headwaters to the inlet at the
Arkansas River. The headwaters of White Oak Bayou and some of its major tributaries such as
Winifree Creek and Newton Creek are relatively protected because they originate in the State
National Guard military base of Camp Robinson which is still largely forested in areas
surrounding tributaries that feed into White Oak Bayou. The primary source of contaminant
inputs from Camp Robinson is likely sediment loading from unpaved roads and erosion of banks
along the bayou and its tributaries. As one moves further downstream along the channel of
White Oak Bayou potential inputs include nutrients associated with stormwater runoff and
leaking septic systems; sediment from eroding banks, loss of forests, and urban development;
petroleum-based chemicals from vehicles leaking onto impervious surfaces such as parking lots;
and general trash and debris that is washed into the bayou during large storm events. Other
sources of nutrients into the bayou may include lawn fertilizer, livestock manure, and even pet
wastes from neighborhoods or droppings from waterfowl! populations in the bayou itself. In
addition, as with most aquatic systems associated with urban areas, there is the potential for
large sudden pollutant impacts due to accidental spills, from petroleum releases from pipelines,
underground storage tanks, and tanker truck spills, etc. Non-point source will be further
explored/assessed in Section 3.0.



Figure 2.3. Representative wetlands and streams starting at the headwaters of White Oak Bayou (upper left) to the
Input at the Arkansas River (lower right).

3.0 WATERSHED ASSESSMENT

All waters in the state of Arkansas have Designated Uses applied to them that dictate
the level of water quality that must be maintained. WOB is designated for the following uses by
the Arkansas Pollution Control and Ecology Commission (ADPCE):

o Primary contact recreation

J Secondary contact recreation

J Domestic, industrial, and agricultural water supply

. Fisheries (Aquatic life), Perennial in Arkansas River Valley

Currently the White Oak Bayou is listed on Arkansas’ 303(d) list for dissolved oxygen,
pH, copper, and lead, which indicates it may be at risk for attainment of some of these uses. A
comprehensive assessment was completed on the WOB to evaluate its physical, chemical, and
hydrologic condition. This assessment primarily focused on 14 sub-watersheds with 12
monitoring stations. A large portion of the historical assessment data originated in the Wetland
Management Plan for WOB (GBMc, 2018). The 319 project, of which preparation of this WMP



was the focus, included some new data collection to fill gaps and augment existing historical
data. All available data was considered for use in this assessment.

Each of the 14 sub-watersheds and 12 monitoring stations depicted on the map (Figure
3.1) were sampled over multiple years by various university partners including, University of
Central Arkansas (UCA) and Ouachita Baptist University (OBU). These university monitoring
efforts allowed students to complete water quality research projects, some of which led to
master’s theses. The 2018 Wetland Management Plan provided much of the assessment
related data including historical data review, Unified Stream Assessments (USAs), desktop
analysis (in-part) and streambank erosion. The Soil and Water Assessment Tool (SWAT) was
used as a part of the final level of assessment completed with this project.

A description and results of each assessment component is contained in the following
sections. The sub-watersheds that have been assessed in detail (water quality sampling, USAs,
flow monitoring, etc.) will be the basis for the overall watershed assessment and sub-
watershed priority ranking. These sub-watersheds are believed to be a reasonable transect of
all the sub-watersheds in the WOB and should facilitate informed management for the entire
watershed. Sub-watersheds that were not assessed directly will be compared to similar sub-
watersheds that were assessed. Each sub-watershed has a unique name to identify either its
associated stream name or the type of area it drains. The majority of these names originated
with the universities that were working on the system in the early days. The names were
primarily derived from nearby land features or street names identifiable to the university
student researchers and have simply stuck throughout the study period. The 14 watersheds
assessed are:

1. Ballfields 6. Golfdog 11. Vestal
2. Banaszak 7. Henry (Winifry Creek) 12. WOB-1
3. Burnspark 8. Newton Creek 13. WOB-2
4. Dogpark 9. Pumpstation 14. WOB-3
5. Golfcourse 10. Sharkey



Figure 3.1. Sub-watersheds assessed and monitoring locations.



3.1 GIS Non-point Source Assessment

A desktop assessment of the WOB was completed using GIS resources including soils
maps, land surface slope (DEM), land use, aerial photographs, etc. The assessment was focused
on identifying possible critical land areas and non-point sources of pollutants that could be
transported to the stream system during stormwater runoff events. The assessment was
completed on all sub-watersheds.

3.1.1 Land Use by Sub-watershed

Land use was evaluated using 2021 NLCD land use land cover data from the Multi-
Resolution Land Characteristics Consortium. Land use is an important attribute in a watershed
analysis. The percent of pasture and developed areas can provide great insight into a
watershed’s potential for NPS pollution. A summary of the land use assessment is provided in
Table 3.1.1.

In the WOB watershed there is only a small amount of agriculture. What agriculture is
present is almost entirely composed of hay operations. The sub-watersheds with the highest
percent of hay/pasture were Banaszak (21.1%), WOB-1 (13.5%) and WOB-2 (10.4%). Cultivated
crops make up less than 1% of the entire watershed and even on a sub-watershed basis no sub-
watershed has more than 1% cultivated crop land-use. Pastures are generally associated with
cattle use, and/or hay, commercial fertilizer, poultry litter used as fertilizer, or any combination
of the four. However, since the watershed has very low cattle numbers, and no commercial
poultry, these land uses are unlikely to be having a significant effect on the nutrient loading to
the system. The land use with the most potential for impact to water quality is developed area.
The overall WOB watershed has approximately 32% developed land with over 12% of that being
in medium to high intensity development. Figures 3.1.1 and 3.1.2 below is a visual
representation of each sub-watersheds’ land use.
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Table 3.1.1 Percent land use b

sub-watershed (2021 NLCD).

Developed
Open Developed

Sub- Space/Low | Medium & | Herbaceous,

watershed Hay/ Intensity & High Wetlands &

Sub-watershed Area (mi2) Forest Pasture Barren Intensity | Shrub/Scrub
Ballfields 1.2 16.2 2.9 25.2 46.2 0.4
Banaszak 1.0 49.1 21.1 21.4 3.3 0.3
Burnspark 34 51.3 41 26.1 13.3 11
Dogpark 0.6 16.9 1.0 32.1 46.5 0.9
Golfcourse 1.4 13.6 0.4 43.3 37.7 0.5
Golfdog 1.2 11.4 33 44.6 29.5 10.6
Henry (Winifry Creek) 3.7 79.6 6.4 9.2 1.1 0.2
Newton Creek 6.0 72.4 5.1 15.1 3.7 0.3
Pumpstation 0.7 41.0 3.4 31.4 21.3 1.6
Sharkey 4.9 36.4 4.2 31.1 20.7 0.6
Vestal 0.3 10.9 0.7 25.4 60.8 1.0
WOB-1 8.3 70.4 13.5 8.9 2.0 0.8
WOB-2 5.2 38.7 10.4 15.6 12.5 16.8
WOB-3 4.4 48.0 8.0 16.6 17.5 7.0
Overall WOB watershed 42.4 52.4 7.6 19.1 12.8 3.8
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Figure 3.1.1 WOB land use land cover by sub-watershed (2021 NLCD).
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Figure 3.1.2 Land use land cover for the White Oak Bayou by sub-watershed (2021 NLCD)

3.2 Unified Stream Assessment

A variation (modified to address rural streams) of the Unified Stream Assessment (USA)

protocol (Kitchel and Schueler, 2004) was completed in the White Oak Bayou sub-watersheds in
2017-2018. This visual based field assessment protocol consists of breaking the stream into

manageable reaches and evaluating, on foot, each defined reach in its entirety. The evaluation

is a screening level tool intended to provide a quick characterization of stream corridor

attributes that can be used in determining the most significant problems in each stream reach

from a physical, ecological, chemical, and hydrologic perspective. General categories of stream

corridor characteristics assessed are:

W O NOUL Pk WN PR

Hydrology

Channel morphology

Substrate

Aguatic habitats

Land use

Riparian buffer

Water/sediment observations

Stream impacts (non-point source related, including bank erosion)
Floodplain dynamics
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10. Geomorphic attributes (channel stability)
11. Restoration/retrofit opportunities

Field data forms completed during the survey are included in Appendix A. A summary of
the pertinent findings is provided in Table 3.2.1. A 1,500-foot (minimum where possible)
representative section in each sub-watershed was assessed following the USA protocol. The
impacts observed and their frequency of occurrence is assumed to be consistent with
additional comparable stream reaches in that sub-watershed. That is, stream reaches not
assessed on that stream that have similar channel size to the assessed reach are anticipated to
have similar characteristics and issues at a similar frequency to those of the reach assessed.

Stream (road) crossings, riparian impacts, and streambank erosion were noted most
frequently, but several sub-watersheds also had issues with utilities in the channel and
significant stormwater outfalls. Each of these had variable severity rankings with impacted
riparian buffers and stream crossings generally considered more of an issue (more frequent
with greater severity) than the others. These stream impacts are commonly associated with
developed areas where riparian buffers areas are commonly reduced or eliminated by the
process of urbanization. Bank erosion is often associated with these areas where riparian
vegetation has been disturbed or removed (Figure 3.2.1). Riparian buffers provide several
benefits to streams, they provide stabilization to streambanks that prevents erosion, provides
shading that helps cool the water and limit periphyton growth, and they provide organic matter
inputs which serve as food and habitat for aquatic biota. Well-developed riparian buffers can
also filter stormwater pollutants and allow for increased rainwater infiltration which aids in
protecting the streams hydrology (through decreased peak flows and increased baseflow).
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Table 3.2.1. Summary of impacts observed during USA’s.

Trash

Stream Impacts Severity Description
Channel . Flow control structure and manmade
e Minor
Modification channel
, Moderate to Vegetation clearing and storage lot near
Ballfields Impacted Buffer Severe bank
Stream Crossing Minor Small concrete bridge
Qutfall Minor Two stormwater drains
. . Souring and undercutting at two
Erosion Minor .
Banaszak locations
Stream Crossing Minor Road crossing
. - Road crossings at five locations, golf
Stream Crossing Minimal to Severe cart crossings at two locations
Qutfall Minor to Moderate Stormwater drains at six locations
Impacted Buffer Severe Mowed up to bank in multiple areas, rip-
rap on bank, lawns
Dogpark Moderate to Trash from parking lots and dumpster

Severe near bank
Utilities in Channel Moderate Pipes in channel
Channel Concrete lined channel in residential
e Severe
Modification area
Erosion Moderate Erosion at two locations
Ch.a.nnell Severe Concrete lined channel
Modification
Utilities in Channel Minor to Severe Cables in streamfi(lsvrge pipe blocking
Golfcourse 1 Impacted Buffer Severe Vegetation clearing up to bank, yards,
golf course
Outfall Minor to Severe Pipes and stormwgter drains at two
locations
Stream Crossing Minor to Severe Road crossing and golf cart crossing
Erosion Minor Steep incised erosion
Stream Crossing Minor One road crossing apd two golf course
Golfcourse 2 - crossings
Outfall Minor Culvert from apartments
Impacted Buffer Moderate Parking lot near bank, poor riparian

vegetation

Undercutting and steep banks

Henry 1 Erosion Minor to Severe throughout most of the assessment area
Erosion Minor Some scouring at three locations
Henry 2 Utilities in Channel M!nor Distribution lines at two locations
Trash Minor Trash dump
Stream Crossing Minor Road crossing
Trash Minor Debris deposits with trash at two
Newton Creek 1 _Iocat|ons -
Erosion Minor Steep banks with some undercutting at
two locations
Erosion Minor to Severe Steep banks, undercutting, bank failure
Utilities in Creek Minor Powerlines
Newton Creek 2 Stream Crossings Minor Foot bridge, p:la‘\gﬁge&lgrlve, highway,

Impacted Buffer

Minor to Moderate

Junkyard near bank, homes, and
businesses adjacent to stream

Sharkey 1

Erosion

Minor to Severe

Erosion at seven locations
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Stream Impacts Severity Description
Impacted Buffer Severe Little riparian buffer
Trash Minor to Moderate Trash at two locations
MCh_a_nne_I Severe Concrete lined channel under overpass
odification
Stream Crossing Severe Overpass
Utilities in Channel Minor Utilities in channel at two locations
Sharkey 2 Stream Crossing Minor to Moderate Road crossing and railroad crossing
WOB 1 Impacted Buffer Severe Cropland with little to no buffer
Stream Crossing Minor Small farm bridge and road crossing
Utilities in Channel Minor 50 ft Right of Way crossed at three
locations
WOB 2 Stream Crossing Minor [-40 Bridge
Trash Minor Some trash in water
0 . Two stormwater outlets causing some
utfall Minor

erosion

Figure 3.2.1. Common riparian impacts observed in the developed areas of the watershed.
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Bank erosion was noted in several areas, particularly in the Henry and Golfcourse sub-
watersheds. Each instance of bank erosion was tagged with a GPS coordinate and the length of
the affected bank measured or estimated. The severity of bank erosion was then characterized
using a bank erosion hazard index (BEHI) developed by Dave Rosgen (Rosgen, 2006). The BEHI
uses several characteristics of the eroded bank (height, vegetated protection, bank angle, soil
composition, etc.) to calculate an overall score that relates to level of erosion hazard. The
possible erosion levels are low, moderate, high, very high, and extremely high. Bank erosion
observed in the WOB watershed reaches ranged from none to very high active erosion. The
soils in the overall WOB are mostly composed of silt loam with only moderate potential for
erosion.

Streambank erosion can add hundreds of tons of sediment (including nutrients, metals,
and other constituents) to a stream system annually. The number and length of eroded banks
were calculated using the representative USA reach to scale up to the main tributary stream
length in each sub-watershed. The main tributary stream length, the percent of USA reach
affected by bank erosion, average bank height, dominant substrate, and an erosion rate
coefficient (from 0.25 ft-1.0 ft based on BEHI scores) were used to determine pounds of
sediment/foot of eroded bank (Table 3.2.2). There were 14 USAs completed in the WOB which
provided assessment in 10 sub-watersheds.
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Table 3.2.2. Estimated bank erosion rates for each stream reach and sub-watershed.

Bank NHD | Stream | Average . Volume Sediment Sediment .
Reach X % Erosion . Eroded Eroded Sediment
Sub- Stream Erosion Stream | Length Bank Sediment % . .
Length Reach X Rate Adjusted for | Adjusted for Eroded
watershed Reach Length Length | Eroded | Height Eroded | Gravel/Cobble .
(ft) (LB+RB, ft) Eroded (ft) (Ft)* (ft) (ft/yr.) (ft3/yr.) gravel/cobble | gravel/cobble | (ft3/mi)
! : (ft3/yr.) (Ib./yr.)
Sharkey Sharkey 3,660 401 11.0% | 11,792 1,292 6.3 0.5 4,037 0 4,037 370,754 1,808
Banaszak Banaszak 1,167 332 28.4% 7,691 2,188 4.75 0.50 5,197 0 5,197 477,198 3,568
Golfcourse | Golfcourse | 4,484 1,599 35.7% 7348 2,620 4.1 0.5 5,794 0 5,794 532,044 4,163
Dogpark Dogpark 2,007 174 8.7% 4,883 423 3.50 1.00 1,482 0 1,482 136,063 1,602
WOB-2 WOB 2 2,684 0 0.0% 24,022 0 0.00 0.00 0 0 0 0 0
Henry Henry 2,146 1,621 75.5% | 30,183 | 22,799 5.6 0.5 58,670 0 58,670 5,387,628 10,263
Newton Newton 1 143 591 14.4% | 26884 | 3,863 5.6 0.4 9,564 0 9,564 878,267 1,878
Creek Creek
WOB-1 WOB 1 2,642 0 0.0% 38,565 0 0.00 1.00 0 0 0 0 0
Ballfields Ballfields 2,754 0 0.0% 5,568 0 0.00 1.00 0 0 0 0 0
WOB-2 WOB 2b** | 15,808 0 0.0% 36,172 0 0.00 1.00 0 0 0 0 0

*Bank erosion was estimated using the percent reach eroded and the NHD stream length
**WOB-2b USA completed via kayak, providing a much longer reach length and encompassing reach WOB-2.
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The two streams with the highest stream bank erosion were Henry and Golfcourse
(Figure 3.2.2). Streambank erosion (ft3/mi) is a key attribute used in the ranking matrix.

Figure 3.2.2. Streambank erosion in Henry sub-watershed.

3.3 Geomorphology and Channel Stability

Fluvial geomorphology refers to the interrelationship between the land surface
(topography, geology, and land use) and stream channel shape (morphology). When
the force of running water is exerted on the land surface and streambank it can have
significant effects on the morphology of stream channels. A stable stream, or one said
to be in “equilibrium”, is one where water flows do not significantly alter the channel
morphology over short periods of time. The most important flow level in defining the
shape of a stream is its bankfull flow (or effective discharge). Bankfull discharge is the
stage at which water first begins to enter the active flood plain. A detailed geomorphic
assessment of each sub-watershed was beyond the scope of this project, but some
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basic assumptions can be gleamed from the data collected. Table 3.3.1 provides a
summary of the channel dimensions estimated (and some measured) during the USAs.

Table 3.3.1. Summary of geomorphic characteristics observed during the USAs.

Sharkey | Banaszak | Golfcourse | Dogpark | WOB-2 Henry Ng.::::(n Ballfields | WOB-1 | WOB-2b
Watershed 4.9 1.0 1.4 0.6 5.2 3.7 6.0 1.2 8.3 5.2
area (mi?)
Bankfull
depth (ft) 2.0 1.0 2.4 1.0 5.0 3.5 5.3 2.5 2.5 5.0
Bankfull
width (ft) 11 7.5 15 7 70 27 16 14 30 40
Dominate
Substrate Silt/clay Silt/clay Silt/clay Silt/clay | Silt/clay | Silt/clay Silt/clay Silt/clay | Silt/clay | Silt/clay
size class
Overall . . . Very Very . . Very Very
BEHI High High High High Low High High Very Low Low Low

3.3.1 Riparian Buffer Impacts

Riparian buffers are the vegetated area directly adjacent to the streambank. When

riparian buffers are impacted (reduced buffer width and/or quality) they provide a more direct

pathway for NPS pollution to enter streams. Riparian buffers were assessed during the USA’s

and are a part of the desktop assessment described here.

a lesser riparian area can allow an increasing amount of unfiltered stormwater to enter the

Impacted riparian buffers are often associated with higher streambank erosion because

stream. Without sufficient riparian buffer, infiltration into the riparian is not readily occurring

and the roots of the riparian buffer, which usually help secure soil, are insufficient to secure the

banks to mitigate erosion. To account for more than just reach scale (USA based) riparian buffer

condition and since USAs were not conducted on all watersheds, each main stem perennial or

intermittent stream (identified per aerial imagery from Google Earth) in each associated sub-

watershed was examined using aerial photography to determine how many linear feet of

stream was affected by impacted riparian buffer (< 50 ft of riparian width). These lengths were

then divided by the total length (total length x2 to account for left and right bank riparian) of

the stream in that sub-watershed to represent percent of stream with impacted riparian

buffers, to help identify and assess where significant problems might exist (Table 3.3.1.1).
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Table 3.3.1.1. Summary of riparian evaluation from desktop analysis (% of impacted riparian buffer).

Sub-watershed % of Impact(t:d5 :ifrt))arian Buffer
Ballfields 45
Banaszak 43
Burnspark 18
Dogpark 45
Golfcourse 61
Golfdog 48
Henry (Winifry Creek) 9.3
Newton Creek 13
Pumpstation 38
Sharkey 65
Vestal 7.0
WOB-1 16
WOB-2 2.1
WOB-3 2.9

According to Table 3.3.1.1, sub-watersheds Sharkey and Golfcourse have the largest
percentages of impacted riparian buffer at 65% and 61%, respectively. Impacted riparian buffer
is a key attribute included in the ranking matrix that will be described and provided in Section
5.3.

3.3.2 Unpaved Roads

Unpaved roads are common in rural Arkansas. Over 85% of Arkansas county roads are
gravel. However, in more developed/populated watersheds this may not be the case. There are
only approximately 20 miles of unpaved roads in the WOB watershed. During storm events
these roads can transport sediment into adjacent streams. The magnitude of the sediment load
varies dependent on many factors including proximity to streams, condition of the road, slope,
and the design of the road. Gravel roads can be designed to include best management practices
(BMPs) that reduce erosion of the bed material and the transport of that material into streams.

An unpaved road assessment was completed using GIS road layers for each sub-

watershed in the WOB. A summary of this data is provided in Table 3.3.2.1. Sediment loading
for each mile of unpaved road was estimated based on a study completed in Pennsylvania by
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the Center for Dirt and Gravel Road Studies (Bloser and Scheetz, 2012). The study determined
the load of sediment transported for several different unpaved road types and conditions that
would result from a 0.6-inch rain event occurring over 30 minutes. Unpaved roads in the
Pennsylvania study are not unlike unpaved roads in Arkansas.

For purposes of the WOB assessment an average rate of sediment transport was set at
485 |b./mile of unpaved road per rain event. The 485 Ib./mi sediment rate was the average
runoff rate from roads with average maintenance and traffic levels and roads that had been
recently topped with fresh aggregates which produce much lower levels of sediment runoff.
Twelve rain events (>1.0 inch) were assumed to occur each year and each rain event would
result in 485 |b. sediment per mile of road (Table 3.3.2.1) (Bloser and Scheetz, 2012). Potential
load of sediment from unpaved roads is a key attribute used in the ranking matrix.

Table 3.3.2.1. Unpaved road lengths in the WOB and estimates of sediment loading from run-off events.

Sub-watershed s | oo | A
event (lbs)
Ballfields 0.79 383 4,598
Banaszak 0.92 446 5,354
Burnspark 2.70 1,310 15,714
Dogpark 0.06 29 349
Golfcourse 0.14 68 815
Golfdog 0.15 73 873
Henry (Winifry Creek) 1.39 674 8,090
Newton Creek 2.20 1,067 12,804
Pumpstation 0 0 0
Sharkey 2.53 1,227 14,725
Vestal 0 0 0
WOB-1 595 2,546 30,555
WOB-2 214 1,038 12,455
WOB-3 2.03 985 11,815
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3.3.3 Land Slope

A land slope analysis was also completed for the watershed and is provided in Table
3.3.3.1. Slopes are generally homogenous between sub-watersheds. On average the slope was
low, 6.6%, for our sub-watersheds and ranged from 2.8% to 12.3% (Figure 3.3.3.1). High slope
(steep) areas have a higher potential for soil loss during high volume rain events and those
areas also provide less opportunity for infiltration, allowing more water to runoff into the
stream channels which, besides carrying a large sediment load, can cause increased streambank
erosion and channel scour compounding the issue. Slope in the majority of the WOB is less than
7%. High slope areas, which mostly occur in the upper portions of the watershed and near
Burnspark, are a key attribute considered in the ranking matrix (NLCD, 2021).

Table 3.3.3.1. Summary of land slope analysis (NLCD, 2021).

Sub-watershed

Mean Slope (percent rise)

Ballfields 3.5
Banaszak 6.1
Burnspark 11.1
Dogpark 4.9
Golfcourse 5.1
Golfdog 3.7
Henry (Winifry Creek) 7.4
Newton Creek 8.3
Pumpstation 12.3
Sharkey 5.8
Vestal 8.1
WOB-1 5.4
WOB-2 2.8
WOB-3 7.6
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Figure 3.3.3.1 Land surface slope in WOB watershed.
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3.3.4 Soils

Soils on the land surface in the overall WOB are mostly composed of silt loam (Figure
3.3.3.2) in lower areas and sandy loam or loam in more upland areas, with a moderate overall
potential for erosion. Soils in concert with land slope and land use are the three primary factors
that drive sediment (and other pollutant) run-off from the land surface in the watershed.

Figure 3.3.3.2 Map of soils in the WOB.
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3.3.5 Agriculture

When evaluating non-point sources in Arkansas numbers of agricultural animals are
typically estimated in the watershed. This usually includes cattle, dairy, hogs, and poultry
counts. However, due to the more urban and sub-urban nature of this watershed, the area
encompassing agricultural land uses is very low, less than 7% combined for pasture, hay, and
row crops. Cattle number estimates (observed by reviewing the last 6 years of aerial images) for
the entire watershed were less than 100, with the majority, approximately 75 occurring in the
WOB-1 sub-watershed. The only other cattle noted were in sub-watershed WOB-2
(approximately 20) and Banaszak (approximately 7). Therefore, agriculture was not believed to
be a significant contributor to pollutant loading.

3.4 Water Quality
3.4.1 Historical Efforts

The WOB has had ongoing water quality monitoring since approximately 2010 that has
included base and storm flow monitoring, bioassessment and various other stream and wetland
related assessments. Historical data has been collected by universities (UCA, OBU, ATech)
working independently and through Wetland Program Development Grant funding, by
contractors and by the Division of Environmental Quality (DEQ). The following sections contain
a synopsis of this historical data.

DEQ Assessment Work - Water Quality and Fish Species

The DEQ has conducted monitoring of fish (2011) and water quality (2010-2018) within
the mainstem of White Oak Bayou. This was the first effort on record to document these
parameters within the bayou and provides valuable baseline information for future
comparative purposes as part of an overall management strategy. Changes in water quality
and/or fish assemblages in the future could provide important information regarding impacts
from various pollutants and sub-watershed sources that could steer or re-direct management
recommendations. The data collected by the DEQ is provided in Appendix B. The DEQ
monitored water quality at four stations on the main stem of WOB for approximately four
years. They sampled each station approximately 22 times for basic water chemistry parameters
and approximately 2-8 times for metals and minerals. A summary of key water quality
parameters is provided in Figures 3.4.1.1 and 3.4.1.2.

The DEQ collected 35 different species from three sites in the WOB. They concluded in
their report (Appendix B) that all were “typical of low gradient streams in multiple ecoregions
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of the state.” They noted that multiple age classes were collected indicating that “...habitat,
hydrology and forage requirements are being met.”
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Figure 3.4.1.1. Mean suspended sediment and dissolved solids in White Oak Bayou samples collected by
DEQ 2010-2018.
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Figure 3.4.1.2. Mean nitrogen and phosphorus levels in White Oak Bayou samples collected by DEQ 2010-2018.
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University Assessment Work — Water Quality and Biology

The University of Central Arkansas has been a strong collaborator on the White Oak
Bayou project since 2010 and has conducted numerous ecological studies within the watershed
through Senior Environmental Practicum course work and two master’s thesis projects.
Practicum studies included HGM wetland assessments, GIS analysis of land use impacts, insect
density and diversity, effects of urbanization on benthic organisms, stream geomorphology,
water quality, basal food resource analysis, impacts of road construction on water quality and
avian diversity/abundance, and hydrology relationships to taxa richness of trees and
macroinvertebrates. A UCA master’s thesis was completed in 2017 using data collected on
stormwater and potential effects on the aquatic ecosystem in the WOB watershed. As with the
aforementioned ADEQ work, this research provides valuable information for future planning
and comparative purposes with respect to watershed management and monitoring.

In 2018/19 students from Ouachita Baptist University (OBU) completed 8-months of
additional water quality monitoring at approximately the same stations used by UCA in 2016/17
(Pumpstation and Burnspark were substituted by two stations on WOB, one upstream of the
wetlands complex and one downstream). OBU data collection efforts focused on baseflow
conditions in each of the key tributaries. Nutrients, dissolved minerals, and suspended
sediment were the focus of the analysis.

A synopsis of the data collected during these projects are provided below. The focus of
this monitoring has been the assessment of key small catchments (sub-watersheds) with some
associated non-point source impact potential. Figure 3.4.1.3 shows the location of monitoring
stations used for water quality and the sub-watersheds they represent. Several baseflow and
stormflow events were sampled (Figure 3.4.1.4) at key drainages entering the WOB wetland
system. Wetland water quality and benthic macroinvertebrate communities near these
drainage outlets were also evaluated. The water quality data indicates that the highest
constituent/pollutant concentrations are generally from sub-watersheds Golfcourse, Sharkey,
Burnspark, and Pumpstation. A summary of the water quality data is provided in Appendix C. A
chart depicting storm flow nutrient levels (UCA collected data 2016-2017) is provided below
(Figure 3.4.1.5) and a chart depicting total suspended sediment levels (also UCA data) is
provided in Figure 3.4.1.6. Nutrient data from storm events indicates that urban land use does
not appear to be directly correlated to nutrient levels, though some nutrient levels are
somewhat higher than anticipated and appear to be from anthropogenic sources. Though not
“urbanized” in all areas, the WOB watershed is populated through most of its rural area south
of Camp Robinson, particularly along Highway 365.
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Figure 3.4.1.3 Stream water quality monitoring stations used by UCA And OBU, and the sub-watersheds that they
represent.
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Figure 3.4.1.4 Measurement of flow by UCA during a sample event.

The data collected by OBU in 2018-2019 does not appear to reveal any new trends or verify
possible critical pollutant sources. However, samples collected during that period were highest at the
Ballfields for nitrogen, phosphorus, and suspended sediment. Is it unclear if these are connected to local
land use run-off or stream channel erosion. This data is provided in Appendix C.
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Figure 3.4.1.5 Summary of mean storm flow nutrient levels in WOB (2016-2017) key drainages arranged by percent
urban (developed) land use.
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Figure 3.4.1.6 Mean total suspended sediment in-stream during run-off events (2016-2017).
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In addition to stream monitoring assessment effort has been focused historically on
wetlands. The WOB watershed contains a high percentage of wetlands, and these wetlands
serve various important functions including water quality enhancement/pollutant removal and
peak flow mitigation. As such their health is of great importance to stream water quality and to
the overall watershed. Water quality data in wetlands was collected during the winter and
spring 2016/17 when standing water was more likely to be present in wetland areas. This data
set is very limited as most of the wetlands (aside from the main flooded wetland complex) do
not typically hold water for more than a few weeks each year. A summary of nutrient levels
from the data collected in wetlands is provided in Figure 3.4.1.7.
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Figure 3.4.1.7 Water nutrient levels in inundated wetlands.

3.4.2 Watershed Hydrology

In 2016 water level loggers (gauges) were installed at several locations in major
drainages (and in key wetlands) to begin an effort to quantify stage, flow, and pollutant loads,
from key WOB sub-watersheds. More permanent gauges were installed in late 2017 on the
main stem of the bayou to track flood flows and pollutant loading. These gauges were installed
upstream of the main wetland complex near the 1-40 Bridge and downstream of the main
wetland complex on the new White Oak Crossing bridge (old Counts Massie Road). These
gauges include telemetry, so the stage can be accessed from the web allowing use for a wide
array of real-time resource management purposes. One of the many uses of these new gauges
includes tracking of residence time in the wetland complex and monitoring the peak
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hydrograph exiting the wetland complex. Residence time in the wetlands appears to be
approximately 18 hours, on average, for peak storm flow and 2-4 days for the majority of the
storm curve (hydrograph) to subside to near-normal levels (Figure 3.4.2.1). As expected, the
wetlands serve to mitigate storm peak flows and with their long residence time provide an
opportunity for pollutant assimilation.

Figure 3.4.2.1 Comparison of stage hydrograph on WOB above and below large wetland complex.

3.4.3 Water Quality Data Collected Specifically for the WMP

Water quality data was collected by UCA in cooperation with GBMc & Associates (Now
Alliance Technical Group) (under 319 Grant 20-1100) to assess water quality and watershed
loading that could later be used to help calibrate a SWAT model and in development of a WMP.
Water samples and in-situ data were collected from 10 sample locations, representing 10 sub-
watersheds Figure 3.4.3.1), in the WOB to determine the water quality during base flow and
storm flow conditions. These 10 sampling stations were believed to represent a reasonable
transect of the watershed and include key sub-watersheds. The stations were sampled monthly
for one year (March 2021-February 2022), at primarily baseflow, but also included two storm
flow events where flows were somewhat elevated. The storm sampling days during the study
period were April 17, 2021, and May 20, 2021.
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Figure 3.4.3.1 UCA Sample Stations and Represented Sub-Watersheds Monitored During the 2021/22
Study.
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All water quality samples collected for this WMP were handled according to a Quality
Assurance Project Plan (QAPP) approved by the NRD and EPA Region 6 (QTRAK No. 21-180). In
brief, grab samples were collected in clean, labeled containers from within the main area of
flow in the channel and delivered to the University of Arkansas Water Resource Laboratory for
analysis following all chain of custody procedures (see QAPP for project, GBMc, 2020). Water
quality during baseflow conditions were found to be good and fairly consistent. Table 3.4.3.1
provides a summary of water quality data for the WOB stations.

Water quality during storm flow conditions is summarized in Table 3.4.3.2. The
concentration of some pollutants increased as flow increased, while other pollutants decreased
or remained stable. TSS and total phosphorus (Figures 3.4.3.1 and 3.4.3.2) increased most
consistently during storm flow events. Data from additional high flow events would be
beneficial to improve (strengthen) both the correlations completed by UCA and the graphical
analysis depicted here.

UCA scientists completed correlation analysis (Table 3.4.3.3) to evaluate if any of the
monitoring parameters were correlated to land use at varying spatial resolutions, proximally
(within the stream buffer), distally (within the overall sub-watershed) and intermediate (in
between the other two). Statistically significant correlations were determined between percent
agriculture and several parameters, including TP, TSS, BOD5 and turbidity. These correlations
usually decreased in significance as the scale broadened. Significant correlations were also
determined between percent developed (urbanized) land use and lead, BOD5 and specific
conductance.
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Table 3.4.3.1 Summary of Water Quality Data Collected by UCA in the WOB Watershed.
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Copper (mg/L) Lead (mg/L) Nitrate-nitrite (mg/L SRP (me/L) TN (mg/L) TP (mg/L) TSS (mg/L)
Station Min Max | Average | N Min Max Average | N | Min | Max | Average | N Min Max | Average | N | Min | Max | Average | N Min Max | Average | N | Min | Max | Average | N
Ballfields | 0.0000 | 0.0020 | 0.0008 | 12 | 0.0000 | 0.0060 | 0.0018 | 12 | 0.01 | 020 | 0.10 |12 | 0.001 | 0.026 | 0.008 | 12 | 036|121 | 066 |12 |0.026 | 0169 | 0087 | 12| 86 | 169.1 | 393 |12
Banaszak | 0.0000 | 0.0040 | 0.0014 | 11 | 0.0000 | 0.0060 | 0.0010 | 11 | 0.05 | 0.72 | 022 | 11| 0.003 | 0.062 | 0021 | 11036 |2.21| 065 |11]0026|0.169| 0091 |11 | 8.6 | 169.1| 394 |11
Dogpark | 0.0000 | 0.0040 | 0.0008 | 12 | 0.0000 | 0.0030 | 0.0009 | 12 | 0.00 | 0.49 | 013 |12 |0.000 | 0.034 | 0010 | 12| 029|173 | 089 |12]0032|0217| 0104 |12| 23 | 275 | 128 |12
Golfcourse | 0.0000 | 0.0020 | 0.0006 | 12 | 0.0000 | 0.0080 | 0.0022 | 12 | 0.02 | 0.22 | 009 |12 | 0007 | 0.036 | 0.019 | 12| 041|106 068 |12]0.045|0160| 0075 | 12| 3.0 | 526 | 102 |12
Henry | 0.0000 | 0.0120 | 0.0015 | 12 | 0.0000 | 0.0190 | 0.0028 | 12 | 0.00 | 0.17 | 0.6 | 12| 0.004 | 0070 | 0.019 |12 | 0.15| 1.07 | 062 |12 | 0022|0128 | 0070 |12| 61 | 580 | 149 |12
NC-1 | 0.0000 | 0.0010 | 0.0002 | 12 | 0.0000 | 0.0060 | 0.0016 | 14 | 0.00 | 0.21 | 0.08 | 12 | 0.003 | 0.049 | 0.014 |14 | 013 |1.03| 052 |14|0.004|0.153| 0064 |14 | 13| 194 | 82 |14
Sharkey | 0.0000 | 0.0040 | 0.0013 | 11 | 0.0000 | 0.0050 | 0.0014 | 14 | 0.04 | 0.53 | 0.22 | 12 | 0.000 | 0.034 | 0016 |14 | 025|174 | 077 |14 |0.015|0.138| 0076 |14 | 29 | 348 | 112 |14
Vestal | 0.0000 | 0.0040 | 0.0010 | 12 | 0.0000 | 0.0030 | 0.0003 | 14 | 0.01 | .10 | 0.25 |12 | 0.006 | 0.051 | 0.017 | 14| 038|204| 082 |14 |0018|0129| 0058 |14 | 21| 209 | 67 |14
WOB-1 | 0.0000 | 0.0030 | 0.0008 | 12 | 0.0000 | 0.0060 | 0.0016 | 14 | 0.01 | 1.10 | 0.09 | 12 | 0.002 | 0.035 | 0.015 |14 | 0.24 | 1.47 | 076 |14 |0.027|0.155| 0081 |14 |39 | 324 | 150 |14
WOB-2 | 0.0000 | 0.0020 | 0.0005 | 10 | 0.0000 | 0.0070 | 0.0007 | 12 | 0.00 | 0.19 | 0.05 | 10 | 0.001 | 0.044 | 0.016 | 12| 0.00 | 095 | 051 |12]0.005|0100| 0060 | 12| 1.8 | 508 | 164 |12
Table 3.4.3.2 Summary of Mean Data from the Two Storm Flow Sampling Events.
BOD5 Nitrate+Nitrite- | SRP (mg/L Total Nitrogen Total Phosphorus | Total Suspended Solids

Station (mg/L) Copper (mg/L) Lead (mg/L) N (mg/L) as P) (mg/L as N) (mg/L as P) (mg/L)

Golfcourse 2.55 0.0000 0.003 0.11 0.020 0.88 0.097 14.15

Vestal 2.6 0.0000 0.000 0.14 0.014 0.83 0.076 11.15

Dogpark 2.1 0.0000 0.002 0.10 0.008 0.67 0.063 10.90

Sharkey 1.79 0.0000 0.003 0.10 0.009 0.67 0.075 11.20

Banaszak 1.61 0.0000 0.000 0.10 0.014 0.64 0.087 11.90

WOB-1 2.66 0.0005 0.003 0.02 0.009 0.66 0.075 12.95

WC-1 (Henry) 1.59 0.0000 0.001 0.02 0.009 0.50 0.080 36.75

NC-1 2.36 0.0000 0.001 0.03 0.009 0.44 0.050 6.20

WOB -2 2.32 0.0000 0.000 0.01 0.011 0.51 0.067 9.60

Ballfields 2.54 0.0005 0.002 0.09 0.011 0.75 0.130 47.15
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Figure 3.4.3.2 Average total nitrogen base and storm flow concentrations from each sub-watershed.
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Figure 3.4.3.3 Average total phosphorus base and storm flow concentrations from each sub-watershed.
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Table 3.4.3.3 Correlation analysis completed by UCA (UCA, 2022) for relationships between water quality variables
and land use at each of three spatial scales (proximal, intermediate, and distal) across all sample sites in White Oak
Bayou. Asterisks denote statistically significant correlations (*P<0.05; **P<0.01).

Adjusted full catchment

Upstream buffer (proximal) (intermediate) Full catchment (distal)
Water quality % % % % % % %
variable agriculture | development | forest | agriculture | % development | % forest | agriculture | development | forest
Copper (mg/L) 0.356 0.262 -0.262 | 0.352 0 -0.135 -0.112 -0.067 -0.067
Lead (mg/L) 0.223 -0.427 0.239 0 -0.375 0.323 0.019 -0.679* 0.575
Nitrate-nitrite
(mg/L) -0.08 0.491 -0.43 0.006 0.37 -0.491 -0.139 0.539 -0.552
SRP (mg/L) 0.006 0.25 0.012 0.274 0.085 0.073 0.244 0.171 -0.25
TN (mg/L) 0.276 0.43 -0.406 0.37 0.224 -0.43 0.115 0.297 -0.43
TP (mg/L) 0.656* -0.115 -0.127 0.539 -0.127 -0.091 0.37 -0.418 0.2
TSS (mg/L) 0.706* -0.479 0.139 0.612 -0.43 0.236 0.418 -0.612 0.491
BODS5 (mg/L) 0.669* -0.467 0.552 0.733* -0.564 0.576 0.770** -0.636* 0.612
Temperature
(C) 0.068 -0.049 -0.219 -0.109 0.103 -0.182 -0.219 -0.103 0.061
DO (%) -0.104 -0.394 0.394 0.042 -0.248 0.358 0.321 0.018 0.176
DO (mg/L) -0.031 -0.442 0.539 0.127 -0.345 0.491 0.43 -0.079 0.297
Turbidity
(NTUs) 0.767** -0.442 0.115 0.071 -0.406 0.152 0.515 -0.552 0.43
pH -0.025 0.505 -0.444 0.036 0.426 -0.529 -0.146 0.602 -0.529
Specific
conductivity - -
(uS/cm) -0.301 0.758* 0.818** -0.212 0.745%* -0.770** -0.588 0.855** 0.867**

3.5 Designated Uses

The EPA approved Arkansas 2018 303(d) list includes the entire main stem of WOB.
Therefore, the listing is pertinent to all sub-basins from a loading perspective. The listed reach

is in Category 5, as those parameters are not meeting water quality criteria for one or more

designated uses and have been prioritized as low priority. The designated use that is not

supported is aquatic life. The non-attainment designation occurred as a result of low dissolved

oxygen with cause/source unknown.

The draft Arkansas 2020 and 2022 303 (d) lists are currently still under review but in
2020 pH was added to the list of parameters not in attainment in WOB. The assessment criteria

for the Arkansas River Valley are provided below.
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Table 3.5.1 Water quality standards assessment criteria.

Parameter Standard Support Non-Support
ARV Temperature! 31°C
ARV Dissolved Oxygen! (mg/L) Primary Critical
<10 mi? 5 p
10-150 mi? 5 3
pH 6.0-9.0 S.U.
<10 % >10 %
Cl/SO4/TDS 250/250/500
Ammonia
Acute (Salmonids absent, pH=6.5) 48.8 mg/L
Chronic (using 14°C and pH=6.5) 6.67 mg/L
Turbidity
Base flows 21NTU <20%
All flows 40 NTU <25 %

*Except for site specific standards/criteria approved in water quality standards.

3.6 SWAT Modeling

The Soil and Water Assessment Tool (SWAT) is a widely used land use-based watershed
model that can evaluate point source and non-point source loading of pollutants, transport,
and their effect on water quality parameters. SWAT was used in this report to calculate sub-
watershed loading and to evaluate BMP removal rates from various practices and land uses in
the WOB. The model addresses load reductions from BMPs on a land use by land use basis.
Each BMP can be set-up in the model as a BMP type, type of land use the BMP is effective for,
and the percentage of that land use area (acres) that it is applied to.

To assess and manage NPS pollution, the NRD recommends evaluating pollutant loading
and implementing mitigation efforts on the sub-watershed scale. Watershed models,
particularly SWAT, are often used for assessing, planning, and prioritizing NPS mitigation efforts
and watershed management activities (Ghafari et al., 2017). The SWAT model can be used to
predict the impacts of differing land uses and land management practices under various
climatic conditions on water, sediment, and nutrient yields on the watershed scale over long
periods of time.

A QSWAT (QGIS interface for SWAT) model was developed for the WOB by the Alliance
Technical Group to prioritize sub-watersheds and simulate BMP effectiveness. The SWAT model
was developed using a variety of datasets including topography, land use/land cover, sail,
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weather, point sources, and existing management practices. The elevation dataset was used to
delineate the WOB into 46 sub-watersheds, which are further delineated into smaller
hydrologic response units (HRUs) based on unique combinations of soil, land cover, and slope
within each sub-watershed.

Weather data was obtained from the National Oceanic and Atmospheric Administration
(NOAA) for years 2011 through 2022. Fourteen different weather stations were used for
temperature and/or precipitation including Marche, North Little Rock Airport, Little Rock AFB,
North Little Rock, Little Rock, Crystal Valley, Lake Maumelle, Sherwood, etc. Other climatic
inputs including solar radiation, relative humidity, and wind velocity were simulated by
QSWAT’s weather generator.

Point sources identified and operating in the WOB between 2015 and 2022 included
only two minor dischargers, a church, and a quarry (see Section 5.1). Loading data were
aggregated on an annual scale and integrated into the model along with annual average flow.
Pasture management practices for grazing were adapted from an earlier lllinois River SWAT
model (Pai, et. Al., 2011) for the WOB using cattle counts from aerial photos and sub-watershed
pasture land use area. Hay operations were also implemented on pasture land uses and
assumed to be mostly bermudagrass as is typical in central and south Arkansas.

The model was run from 2015 to 2022, with the first 3 years as warm-up, and then was
manually calibrated. Flow data between 2018 and 2022 from the WOB-1 gage near the 1-40
bridge was used for calibration. The model calibration produces R2 values in excess of 0.5 (0.53)
which is considered an acceptable relationship for modeling. The peaks match up well but the
baseflow was found to be over-predicted by the model for some time periods. Calibration to
sediment was more problematic as there was insufficient sample data collected at higher flows
to get good correlations.

Once the model was flow calibrated, it was used to predict annual loading of key
constituents for the smaller sub-watersheds. These sub-watershed loads were compared to
that determined from the sample data to assess if the model predictions were reasonable, and
they were found to be so. The SWAT model spatial loading data was used to determine priority
areas (i.e., those with the greatest loading of key constituents in the overall watershed). Unlike
the sampled water quality data and the on-the-ground assessment work (USA’s, etc.), the SWAT
model estimated loads for all sub-watersheds within the larger WOB HUC-12 watershed.

The highest priority sub-watersheds based on sediment loads washed off of each land
use area (Ibs./mi?) were Golfcourse, Vestal, Sharkey, Golfdog and Dogpark (Figure 3.6.1).
Loading was also calculated at each sub-watershed outlet, which is a combination of wash off of
land uses plus channel scour & re-suspension. SWAT outlet outputs were then compiled to
achieve approximate loading for each of the 14 Sub-watersheds (Figure 3.6.2).
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Figure 3.6.1. SWAT sediment output from land surface (Ibs./mi?) run-off.
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Figure 3.6.2. SWAT sediment loading calculations for each sub-watershed outlet.

4.0 LOADING ANALYSIS

4.1 Pollutant Loading from Key Recent Monitoring Studies

Water quality data used in this section was collected by the University of Central
Arkansas (EPA 319 Grant # 17-300) during 2020-2021. Loading of pollutants in the WOB was
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calculated from the base and storm flow data collected and the flow estimations from the
WOB-1 rating curve adjusted for the smaller sub-watershed drainages. To account for
differences in watershed size that makes larger watersheds appear to have larger loads, loads
from each of the sub-watersheds were normalized according to watershed area to arrive at a
loading in each watershed on a per mi? basis (Table 4.1.1). For most constituents, loads appear
to be greatest, on a per mi2 basis, in Dogpark, Ballfields, Golfcourse and Sharkey. Looking at
loading in this way focusses on land areas that produce higher concentrations of
constituents/pollutants rather than accepting the premise that the larger the watershed the
greater the load.

Table 4.1.1. Loading of key constituents normalized on a per mi? Basis.

Sub- BOD Cu Pb Nitrate- SRP Total N | Total P TSS

watershed (mg/L) (mg/L) (mg/L) Nitrite (mg/L) (mg/L) (mg/L) (mg/L)
(mg/L)

WOB 2 7.4 0.000 0.001 0.078 0.041 1.40 0.163 24.7
WOB 1 7.6 0.002 0.010 0.122 0.034 1.55 0.170 31.7
Vestal 8.4 0.001 0.000 0.295 0.040 1.68 0.166 27.7
Dogpark 10.2 0.000 0.005 0.594 0.049 2.73 0.265 41.2
Sharkey 5.3 0.001 0.008 0.388 0.041 1.78 0.195 30.8
NC-1 7.6 0.000 0.002 0.138 0.026 1.21 0.139 18.4
Henry 4.8 0.001 0.004 0.114 0.033 1.25 0.149 36.5
Golfcourse 7.4 0.001 0.008 0.302 0.062 2.11 0.233 39.7
Banaszak 5.5 0.001 0.001 0.300 0.044 1.61 0.193 29.6
Ballfields 6.5 0.002 0.004 0.189 0.015 1.79 0.264 108.3

Figures 4.1.1-4.1.7 depict the portion of pollutant loading attributed to each sub-
watershed for average lead (Pb), total nitrogen, total phosphorus and TSS. Ballfields, Dogpark
and Golfcourse were identified with the highest loading of TSS. Ballfields was over two times
the load as the other two. This was initially believed due to ongoing construction in the sub-
watershed during the time of the study. However, the historical data also shows high
concentrations of TSS in the Ballparks sub-watershed. Of note here is that all four of these sub-
watersheds reflect the more urbanized and urbanizing portions of the watershed. Load
reductions will be accomplished accordingly for these key sub-watersheds as well as other sub-
watersheds according to the plan outlined in Sections 5 and 6. TSS, phosphorus and lead
loading in sub-watersheds is used in the ranking matrix.
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5.0 POLLUTION SOURCE ASSESSMENT

The WOB was broken down into 14 sub-watersheds based on the location of monitoring
stations and to render the overall assessment manageable for planning, and implementation
purposes.

5.1 Point Sources

There are no major NPDES outfalls in the WOB watershed. There are two wastewater
facilities, North Little Rock-Maumelle, and North Little Rock-White Oak Bayou, that are located
in the watershed but they both discharge directly to the Arkansas River. There are two minor
dischargers (greater than 0.01 mgd) in the watershed, a quarry, and a church, but these are
believed to be of little significance to overall watershed loading. The majority of the NPDES
permitted facilities that show up in a search are stormwater related and not continuous PS
discharges (Figure 5.1.1). Table 5.1.1 provides a summary of the NPDES discharges (PS and
NPDES stormwater) in the watershed.
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Figure 5.1.1. Active NPDES permits, including stormwater outfalls and other known non-point sources in the WOB.

Table 5.1.1 NPDES discharges with continuous flow >0.01 mgd.

Average
Discharger Daily Flow BOD (lbs/day) Ammonia (lbs/day) TSS (Ibs/day)
(mgd)
EC Rowlett Quarry* 0.057 -—- - -
Cedar Heights Baptist Church 0.070 0.21 0.02 0.09

*No chemical data for EC Rowlett reported in EPA Storet database.
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5.2 Non-point Sources

Based on the results of the assessment work completed in the watershed, the following
is a summary of what are believed to be the top three sources of pollutants in each sub-
watershed evaluated (Table 5.2.1).

Table 5.2.1 Key non-point source impacts for each sub-watershed assessed in the WOB.

Urban . Impacted
Unpaved land On-going Riparian

roads development/urbanization
use P / buffer

Pasture | Streambank

Sub-watershed .
land use erosion

Ballfields X X X

Banaszak X X X
Burnspark X

Dogpark

Golfcourse X X X X

Golfdog

Henry (Winifry
Creek)

Newton Creek

Pumpstation
Sharkey X X X X
Vestal
WOB-1 X
WOB-2 X
WOB-3

5.3 Priority Sub-watershed Ranking

Many factors play into determining which sub-watersheds are priority to address with
implementation efforts and what impacts need to be addressed first. To aid in this analysis a
matrix was developed to consider each of the impact assessment categories including
developed (urban/suburban) land use, hay/pasture land use percent, amount of on-going
(active) development, streambank erosion, total phosphorus, lead load, TSS load, slope of the
watershed, amount of impacted riparian buffers, miles of unpaved roads, and SWAT model load
predictions, both on a sub-watershed output basis and on a wash-off of the land basis. There
were four water quality loading parameters that were included in the matrix and two SWAT
loading parameters to ensure actual data received a strong affect.
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Each matrix parameter was given a possible total score of either a 5 or 10 depending on
how it was weighted in the scale (how important it is believed to be in the watershed). Scores
were assigned to sub-watersheds according to their ranking for each parameter. That is, the
worse the parameter value (high loading, high percent developed land use, etc.) the higher the
ranking and associated assigned matrix score. For example, a ranking of first/worst would
receive a 10, next worst a 9, and so forth. Parameter scores were summed for each sub-
watershed. Maximum possible score was 90. The higher the total matrix score for a sub-
watershed, the higher the priority. Table 5.3.1 provides a summary of the score totals for each
sub-watershed. As noted previously, not all sub-watersheds had monitoring stations or were
the focus of assessment efforts, but each should overlap at least one that does and later
included for BMPs by association.

According to the matrix ranking, the five key sub-watersheds in most need of land use
management and source reductions are Dogpark, Ballfields, Golfcourse, Sharkey and Burnspark.
A visualization of the matrix rankings in each of the watersheds is provided below in Figure
5.3.1.
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Table 5.3.1 Ranking of each impact category for each sub-watershed.

Henry
Sub-watershed Parar\r;:ltjg Max Ballfields | Banaszak Burnspark Dogpark | Golfcourse | Golfdog | (Winifry Ng':l:c'zn Pumpstation Sharkey Vestal WOB-1 WOB-2 WOB-3
Creek)
%Developed land use 10 8 2 9 7 6 5 4 10 1 3
Amount on-going (new) 10 10 7 ) 6 4 1 3 3 9 5
development
%Hay/Pasture 5 5 1 4 3 2
% of Impacted Riparian
Buffer (<50 ft) 10 8 6 7 9 3 4 10 2 5 1
Streambank Erosion
4 2 1
(ft3/mi/year) > 3 >
Mean Land §Iope (percent 5 4 1 3 5 )
rise)
Unpaved Roads (miles) 5 4 2 3 5 1
(WQD) Lead Load (lb/mi2) 5 1 2 4 3 5
(WQD) TSS Load (Ib/mi2) 5 5 4 3 2 1
(WQD) P Load (Ib/mi2) 5 4 1 5 3 2
(WQD) TSS Concentration
(Historical Data) > > 4 ! 3 2
SWAT Sediment (Ibs/mi2) 10 5 10 8 1 6 7 3 9 2 4
SWAT Sediment Ibs/mi2 10 6 5 3 3 9 2 1 5 4 10
from land only
Total 90 47 22 30 49 46 19 19 19 26 40 26 23 14 11
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Figure 5.3.1 Matrix rankings of top watershed concerns in the WOB.
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6.0 RECOMMENDATIONS FOR WATERSHED
MANAGEMENT POLLUTION SOURCE
ASSESSMENT

The following sections provide recommendations for management of the WOB through

protection, enhancement, and restoration. Ideally all recommendations could be easily
implemented. However, this not being the case, the final portion of this section provides a
ranked list of recommendations based on priority and necessity. The recommendations for
watershed management are designed to address and remedy the critical problem
areas/sources discussed in the previous sections. In many circumstances management practices
recommended to reduce pollutants will also have some positive impact on flooding. This is
particularly true for stormwater management recommendations for developed areas (Sections
6.2.2/6.2.3). The practice of preserving or restoring natural lands, such as wetlands and riparian
buffers, can have a great impact on flood water mitigation.

6.1 Recommended Load Reductions

The focus of the reduction strategy will be reductions of TSS (sediment). Reductions in
TSS will also carry along with it some reduction in nutrients, metals, and oxygen demand, as
many of these are at some level connected to sediment. Since there is no TMDL for the WOB,
and no direct measurement that would point to a required reduction to meet a water quality
standard, an overall TSS reduction of 20% will be targeted. This reduction target is a reasonable
and attainable target that should improve water quality, including dissolved oxygen once
achieved.

Annual loading for each of the assessed sub-watersheds was evaluated using the SWAT
model and calculated from the most recent water quality data. The SWAT model predictions
are more complete and represent all of the sub-watersheds, while the water quality data does
not. Therefore, annual loading predictions from SWAT were used to assess load reduction
targets (Table 6.1.1).
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Table 6.1.1. Load reduction goals.

Loading Source TSS (Ib/yr)

SWAT 8,862,546

A 20% load reduction goal from SWAT data 1,772,509
Watershed Target New Load (Goal) 7,090,037

6.1.1 SWAT Modeling Non-Point Source (NPS) Load Reduction Potential

The soil and water assessment tool (SWAT) is a widely used watershed model based on
hydrologic response units that can evaluate point source and non-point source loading of
pollutants, transport, and their effect on water quality. The hydrologic response units group
areas of similar land use, soils, etc. SWAT was used in this report to evaluate BMP removal rates
from various land uses in the watershed. The model addresses load reductions from BMPs on a
land use by land use basis. Each BMP is set-up in the model with BMP type, type of land use the
BMP is effective for, and the percentage of that land use area (acres) that it is applied to.

To assess and manage NPS pollution, the NRD recommends evaluating pollutant loading
and implementing mitigation efforts on the sub-watershed scale. Watershed models,
particularly SWAT, are often used for assessing, planning, and prioritizing NPS mitigation efforts
and watershed management activities (Ghafari et al., 2017). The SWAT model can be used to
predict the impacts of differing land uses and land management practices under various
climatic conditions on water, sediment, and nutrient yields on the watershed scale over long
periods of time.

To evaluate the effect that implementation of management practices could have on
pollutant loadings, several feasible BMPs were evaluated. Best management practices were
simulated across 25% of the watershed and loadings of sediments were compared to the base
model to assess changes. The BMPs simulated in SWAT include:

1. A50-foot riparian buffer in urban and hay land uses.

2. Green area enlargement, which was simulated as a 10% reduction in curve numbers
in urban land uses.

3. Stormwater treatment features (bioswales, detention, etc.) were applied to 20% of
developed land uses (modeled using SWAT and/or WTM) (Caraco/Cup, 2013)

Based on the results of the modeling, the most effective BMP applied to the watershed
in SWAT was a 50-foot riparian buffer in urban and hay land uses. Riparian buffers protect the
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streambanks from erosion and provides a filtration mechanism for sediments and pollutants in
runoff.

6.2 Land Use and Runoff Management

The following sections are best management practices recommended to protect water
quality and/or the hydrologic regime of the major tributaries of the WOB. Practices are
recommended according to land use type. The listings are not comprehensive but provide those
typically applied successfully to such land uses as those found in this watershed. Reduction
estimates (below) are from modeling or assessments described in this report, and costs (Section
9.0) are based on a survey of literature values.

6.2.1 Agricultural Land Use

Agricultural land is not prevalent in the WOB watershed. Row crops are negligible, and
cattle numbers are low. The primary agricultural land is hay fields. In spite of the minimal threat
from agriculture, landowners with on-going agricultural activities should be encouraged to
implement BMPs appropriate to their land use habits. This encouragement probably needs to
occur as some form of educational material mail out, forums and face to face meetings.
Assistance (including financial) with these types of efforts is available through the National
Resource Conservation Service (NRCS), the Arkansas Department of Agriculture NRD, the
University of Arkansas Cooperative Extension Service and others. Frequently farmers engage in
cost share agreements with federal or state entities, which provides the majority of funds to
satisfy and comply with required BMPs.

Pasture - It is likely that many farmers in the watershed already implement some BMPs to
enhance hay and cattle production. However, experience has shown that these are not as
widespread and/or consistent as needed. In each sub-watershed, and particularly in sub-
watersheds Banaszak, WOB-1 and WOB-2, where pasture and cattle numbers are highest, it is
recommended that landowners be encouraged to consider implementation of pasture
management practices. For pasture with on-going grazing operations the following BMPs
should be considered in all sub-watersheds:

e Riparian buffers along stream corridors. Minimum of 25 feet forest and 25 feet
native grasses. This protects the streambanks from erosion and provides filtration of
sediment and associated pollutants in the runoff.

e Alternative water sources (away from stream) for cattle use. This helps keep the
cattle out of the stream and away from the banks where they contribute to erosion.

e Fencing cattle out of stream.
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e Rotating pasture usage (rotational/prescribed grazing). This helps prevent over
grazing, preventing grasses from becoming too thin or trampled, allowing them to
help buffer the stream. It also helps prevent soil compaction.

e Control/reduce stocking rate, number of head per acre of pasture.

Hay - For agricultural land being used for hay operations in all sub-watersheds the following
BMPs should be considered:

e Riparian buffers/filter strips along stream corridors (see detail above).

e Though required by Nutrient Management Plans it should be emphasized to control
fertilizer applications (magnitude, timing, and method) according to soil tests and
USDA or NRCS recommendations to maximize productivity yet protect water quality.

e Use of cover crops during off season, i.e., use perennial and seasonal grasses to
maximize grass density throughout all seasons. Prevents topsoil erosion and utilizes
remaining nutrients.

Since this land use type is not believed to be a large contributor to TSS or even nutrient loading,
no load reductions have been calculated for use of these management measure.

6.2.2 Developed - Commercial and Industrial Land Uses

The WOB watershed is dominated by developed/urban land uses. This is the primary
land use in need of managing to reduce pollutants in stormwater. Many of the management
measures described below are consistent with the City of Maumelle’s current stormwater
drainage and pollution prevention ordinances and will reduce both the volume of stormwater
runoff and reduce pollutants transported in the runoff to WOB. Details on each BMP is provided
later in this section or Appendix D. The key sub-watersheds (primary), to be addressed with the
BMPs listed below are Vestal, Dogpark, Ballfields, Golfcourse and Golfdog. Secondary efforts
should be focused in the Pumpstation and Sharkey sub-watersheds.

The following BMPs should be considered:

e Riparian buffers along stream corridors. In addition to the benefits discussed
previously, buffers help control storm flow hydrographs. Riparian buffers with a
width of 50-100 ft (minimum 25 feet) on each side of streams.

e Encourage green area enlargement and enhancement and reduce impervious
surfaces on new and existing developments.
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e Encourage good housekeeping practices. Keep outside storage areas covered,
immediately clean up spills of liquid or dry materials, etc.

e Improve current street sweeping program’s frequency and consistency.

e Enforce and place a priority on construction stormwater management plans.

e Request that ADEQ advises the WMP coordinators of any new stormwater Notice of
Intent (NOI’s) in the watershed before permit approval.

e Enforce stormwater detention ordinance.

e Encourage and/or implement stormwater detention/retention/treatment
requirements for large impervious areas. In some cases, particularly in commercial
and institutional areas, bioswale/bioretention may be appropriate (Figure 6.2.1).

e Land conservation. Where possible attain land or establish easements in areas
critical to the stream (i.e., wetlands, buffer zones, riparian areas, etc.) and maintain
these as permanently protected green areas.

Figure 6.2.1. A Bioswale (bioretention) that is effective in reducing pollutant load in
stormwater run-off from commercial and institutional areas.

6.2.3 Developed - Residential Land Uses

As stated in the section above for Industrial/Commercial development urban and
suburban areas comprise the bulk of the WOB watershed and residential areas that occur there
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should receive a similar level of stormwater management as the commercial areas. The key
sub-watersheds (primary), to be addressed with the BMPs listed below are Vestal, Dogpark,
Ballfields, Golfcourse and Golfdog. Secondary efforts should be focused in the Pumpstation and
Sharkey sub-watersheds.

For residential developments the following BMPs should be considered:

e Riparian buffers along stream corridors. Riparian buffers with a width of 50-100 ft
(minimum 25 feet) on each side of streams.

e Encourage green area enlargement and enhancement and reduce impervious
surfaces on new and existing developments.

e Encourage good neighbor practices. Keep yard free of junk and garbage, proper
disposal of pet waste, proper disposal of household chemicals, etc.

e Strictly enforce and put a priority on construction stormwater management.

e Improve street sweeping program’s frequency and consistency.

e Enforce detention ordinance and encourage use of detention.

e Encourage and/or implement stormwater detention/retention/treatment
requirements for development.

e Encourage (through incentives) or require use of low impact development
techniques (LID) in new developments in critical areas or on steep slopes.
Encourage current homeowners to install raingardens or similar small on-site
stormwater retrofits (Figure 6.2.2). Most of these features also serve to help reduce
flooding.

e Limit and manage fertilizer application.

e Encourage watershed stewardship through education.

An assessment of stormwater treatment opportunities in the commercial and light
industrial areas around the City of Maumelle was completed during this project. A summary of
potential locations for stormwater treatment features/retrofits is provided in Figure 6.2.3.

Potential load reductions (in pounds and % of target reduction) from use of
urban/developed land management practices such as green area enlargement and stormwater
treatment features in urban areas (riparian buffers are addressed in Section 6.3.1), in key sub-
watersheds are:

» TSS - 87,861 (5%) (detention/retrofits)
» TSS - 14,829 (1%) (street sweeping)
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Figure 6.2.2. Example of a raingarden that can be easily and inexpensively installed in most yards and/or
commercial areas to improve stormwater quality.
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Figure 6.2.3. Identified locations for potential new stormwater treatment/retrofits.

6.2.4 Unpaved Roads Management

Several BMPs are available to decrease sediment transport from unpaved roads. WOB
does not have a large number of unpaved roads, but the ones in existence do add to the
pollutant loading in waterways. Key sub-watersheds to address are WOB-1, Burnspark and
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Sharkey. The following BMPs are believed to be appropriate to the forest roads and dirt roads
in the watershed:

e Aggregates replacement

e Water bars in steep sections

e Roadside ditch maintenance and check dams

e Proper road surface stabilization/road grading/maintenance
e Turnouts

Table 6.2.4. Potential load reductions from implementation of unpaved road BMPs.

Parameter Total Current Load (lbs) 50% Reduction (lbs)

TSS (12 rain events) 118,146 59,073

Potential load reductions (in pounds and % of target reduction) from use of a
combination of these management practices on approximately 50% of unpaved roads in key
sub-watersheds, based on info from Bloser, S.M. and Scheetz B.E., 2012 are:

» TSS-59,073 (3.3%)
6.3 Stream Corridor Restoration/Enhancement

6.3.1 Riparian Buffers

Riparian vegetated buffers are lacking or limited in several reaches in the WOB with
problems in the more urbanized portions of the watershed. As discussed previously in this
report (Section 3.0) riparian buffers are critical to the health of a stream system. The following
areas are indicated as having impacted riparian buffers and should be targeted for
establishment or enhancement of vegetative riparian buffers: Sharkey, Golfcourse, Golfdog,
Dogpark, Ballfields and Banaszak.

Buffer widths should be planted as wide as possible on each side of the stream. A width
of 50 ft on each side of the stream should be the minimum target with widths less than 50 feet
allowed in already developed areas where space does not allow for the restoration of wider
zones. When riparian buffers are considered, more is always better. Buffers should be
composed of native vegetation including trees, shrubs, herbaceous plants, and grasses. Figure
6.3.1 presents a representation of how buffers are designed.
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Figure 6.3.1. Generic representation of the ideal Riparian Buffer Zone and key function in Each Zone.

Potential load reductions from use of these management practices (50-foot riparian buffer in
developed land) were evaluated using the SWAT model. Results (in pounds and % of target
reduction) of the analysis are below:

> TSS - 136,685 (7.7%)

6.3.2 Streambank and Channel Stabilization

Several of the streams in the WOB are exhibiting significant streambank erosion at
several locations. Streambanks should be stabilized in as many of the locations as possible and
particularly in the critical areas that are easily accessible for the required heavy construction
equipment. Henry, Golfcourse, Banaszak, Newton Creek, Sharkey and Dogpark should all be
primary targets of these efforts. Potential load reductions from bank stabilization averages over
200 Ib sediment/foot of eroded bank restored (Table 6.3.2.1). Root causes of streambank
instability should be evaluated in each reach and necessary measures taken to reduce the risk
of bank erosion. These measures frequently include reduction in stormwater run-off peak flows
to the system including riparian restoration/enhancement and changes in land uses throughout
the watershed to slow down stormwater run-off and increase infiltration. Measures can also
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include completion of channel restoration features (i.e., installation of grade control, flow
training and key habitat features, etc.).

Each streambank and channel stabilization project come with its own individual
challenges and opportunities. Each stream stretch will need to be evaluated to determine what
restoration techniques work best and meet the needs for sediment reduction. Where possible,
preference should be given to techniques that focus on bioengineering.

e Bank re-sloping (to flatten slope) and creation of bankfull benches.

e Toe protection in conjunction with various vegetative protection measures (such as live
stakes, live cribwalls, etc.).

e Stone armoring (such as the use of boulder toes/revetments, vegetated riprap, etc.)
Stone armoring should be used as a last resort, and only in high velocity/scour areas or
areas too steep for bioengineering.

e Use of bioengineered materials (coir, jute, excelsior™, etc.) including erosion control
blankets, wattles, fiber rolls, soil wraps, etc.

e Engineered structures for grade control, energy dissipation and flow guidance, (cross
veins, J-hooks, step pools, riffles, etc.)

e Revegetation of the streambanks and riparian area using native grasses and trees.

The projects would generally utilize natural channel design techniques (Rosgen, 1996)
and be supplemented with other guidance including The WES Stream Investigation and
Streambank Stabilization Handbook and USDA Engineering Field Handbook “Chapter 16:
Streambank and Shoreline Protection” as guidance for the projects in the watershed.
Additional help may come from contract engineering companies who have additional
experience with streambank stabilization.
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Table 6.3.2.1. Yearly loads from streambank erosion and load reductions possible from streambank

stabilization.
Watershed HUC-12 Watershed Annual Sediment Load (Ib/yr)
Sharkey 370,754
Banaszak 477,198
Golfcourse 532,044
Dogpark 136,063
WOB-2 0
White Oak Bayou
Henry 5,387,628
Newton Creek 878,267
WOB-1 0
Ballfields 0
WOB-2 0
Total 7,781,954
15% reduction 1,167,293

Potential load reductions from use of these management practices on 15% of eroded
banks in all sub-watersheds affected:

» TSS-1,167,293 (66%)

6.3.3 Critical Area Conservation

Land conservation is a current priority in the WOB watershed and should continue to be

so. To date over 500 acres of wetlands and over 4000 feet of white Oak bayou channel and
riparian buffer have been preserved with another approximately 150 acres and 7100 feet

anticipated to be added in 2024. Where possible, attainment of land and/or establishment of
conservation easements should be considered in areas critical to the stream (i.e., buffer zones,

wetlands, etc.) and maintain these as green areas. This practice typically helps to reduce

localized flooding as well as serving to improve water quality. The focus should be in areas
controlled by the City of Maumelle or The City of North Little Rock as they have the majority of
the watershed in their planning boundaries and have a greater ability to leverage action (i.e.,

funding and resources) and to garner approval from local residents. Key elements that should

be developed in stream corridors and key area that drain to them are provided in Table 6.3.3.1.
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Table 6.3.3.1. Key management measures to encourage, develop and manage.

Technique

Description of Technique

Natural area conservation

Protect wetland areas form development and encroachment. Minimize lot
clearing to that essential for the home and a small yard, maintain as many trees as
possible. Riparian vegetated buffers will be along all stream corridors and be
protected by local ordinance or easement where possible.

Avoid septic system use

All homes should be connected to local sewers and wastewater treatment
facilities when possible.

Stormwater management

As recommended in Section 6.2, the use of low impact stormwater management
features (rain gardens, bioswale, detention/retention, etc.) should be encouraged
to reduce the impact of run-off peak flows and improve water quality.

Potential load reductions from use of green area procurement were evaluated using the
SWAT model. The model resulted in negligible amounts of sediment load reductions using the
modeling protocol described in Section 6.1.1. However, the results for riparian buffers were
much better and should be a good indicator of the potential success of critical green area

protection.

6.4 Priority Recommendations and Implementation Schedule

Based on the load reductions projected in Section 6.2 for various BMPs, the most
effective for sediment appear to be streambank stabilization and vegetated filter Strips/riparian

buffers (Figure 6.4.1).
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m Street Sweeping

m 50 ft Riparian Buffer in
Urban/Hay

® Green Area Enlargement
in Urban Areas

®m Unpaved Roads

m Stormwater Retrofits

m Streambank
Stabilization

Figure 6.4.1. Source and scale of Total Suspended Solids (TSS) BMP load reduction (pounds) potential.
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Table 6.4.1 provides a ranking of the watershed management practices recommended
as a result of the assessment and the matrix scores. Each management action is ranked based
on its ability to move the watershed towards attainment of the goals expressed.

Table 6.4.1. Prioritization of recommended Watershed Management Practices.

Rank White Oak Bayou Sub-Basin Management Action (Practice)
Henry, Golfcourse, Banaszak,
1 Newton Creek, Sharkey and Streambank stabilization
Dogpark
Sharkey, Golfcourse, Golfdog,
2 Dogpark, Ballfields and Riparian buffer/Vegetated filter Strips
Banaszak
3 Vestal, Dogpark, Ballfields, Implementation of residential/commercial
Golfcourse and Golfdog BMPs (including street sweeping)
WOB-1, Burnspark and .
4 Sharkey Unpaved road maintenance and upgrades
5 Al sub-watersheds Conservation of wetlands and other key green
areas
Pumpstation, Sharkey and Implementation of residential/commercial
6
Burnspark BMPs
7 Pumpstation and Burnspark Riparian buffer/Vegetated filter Strips

When and where applicable, watershed management practices implementation should
consider societal and environmental co-benefits such as, but not limited to: communities or
areas identified as undeserved or disadvantaged, flood reduction and long-term climate
resiliency, and ecological habitat creation.

A watershed management plan should be a living and active document that serves as
the guide to direct watershed management activities, including implementation projects to
achieve load reductions, monitoring water quality and biota to gauge goal attainment,
continuing education efforts, etc. The plan should be updated at least every 5 years to ensure it
is still relevant to the current conditions of the watershed. In order to help ensure all these
action items are completed it is necessary to have a schedule listing the tasks that need to be
accomplished. A summary of the action items that resulted from this WMP are provided in
Table 6.4.2. The schedule provides ten years for actions to be accomplished that will result in a
20% reduction of sediment and nutrients in the watershed.
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Table 6.4.2. Implementation Schedule?.

Action ltem Target Date for completion
Meet with stakeholder group to coordinate implementation

. . . June-2024
projects and monitoring and plan for future funding
Apply for gra.nts to f.und future monitoring and 30-Dec-24
implementation projects
Meet WIFh city officials and county judges to discuss unpaved 30-Jun-25
road maintenance
Install urban BMPs (LID features) to affect 20% of drainages 30-Dec-26
in Vestal, Dogpark, Ballfields and Golfcourse
See 50% of unpaved roads in WOB-1, Burnspark and Sharkey

. . 30-Dec-27
receive new BMP application
e o
Bank stabilization of 15% of eroded banks Henry, Golfcourse, 30-Dec-28
Banaszak
Bank stabilization of 15% of eroded banks in remaining sub 30-Dec-30
watersheds
Install urban BMPs (LID features) to affect 20% of drainages 30-Dec-32
in Golfdog, Sharkey, Pumpstation and Burnspark.
N . . .

See 50% of the remaining unpaved roads in in WOB receive 30-Dec-33
new BMPs

1 Participation by landowners and funding are an unknown and could have a significant effect on the schedule and
implementation success.

6.5 Interim Milestones

In order to monitor progress, it is necessary to have measurable milestones that can be
easily interpreted. The milestones that will be used for gauging progress on of this WMP are
provided in Table 6.5.1.

Table 6.5.1. Interim Measurable Milestones.

Milestone Measurement method

Meetings at least 4/year and attendance of at least 55%

Stakeholder (WOBWTC) group success
of group on average

Monitoring program initiated First round of routine samples collected
Meeting held concerning Urban BMPs Meeting occurred on schedule
Unpaved road BMP meeting Meeting occurred on schedule

Stabilization completed on schedule

Bank stabilization Length of stream completed as planned

Monitoring shows TSS loading is stable or Data analysis (per Section 7.0) of first three-year
decreasing monitoring cycle (2026-2028)
Urban management practices implemented Completed on schedule and attaining percentage goals

Plan review is completed in 2029 and needed updates

WMP reviewed and updated every five years included
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Success will be achieved if the above tasks are completed according to schedule. Future
success will be measured by number of implementation projects that are completed and/or
positive movement in water quality trends.

6.6 Adaptive Management

As with any undertaking of this magnitude, obstacles will arise, and plans change.
Therefore, every effort will be made to make this management plan dynamic, so that it can be
easily adapted and adjusted to the needs of the watershed to benefit water quality, aesthetics,
biotic communities, and the public.

Every five years the plan will be reviewed to evaluate the effectiveness of:
BMPs/Management practices,

Monitoring of loading,
Interim milestone completion, and

P wnN e

Education Outreach

Should any one of these components be found to be ineffective or insufficient then the
plan will be revised accordingly to improve that component. After every five years the WMP will
be updated. The update will include goals, revisions to key components that have changed over
time as well as revisions needed to improve accomplishment of its goals.

7.0 WATER QUALITY TARGETS (SUCCESS
CRITERIA) AND MONITORING

A load reduction target of 20% (Section 6.1) for sediment has been established to
ensure continued maintenance of the water quality criteria and the overall integrity of these
waters and reduce sediment and associated pollutant (nutrients and metals). White Oak Bayou
has had a stakeholder group (the WOBWOC) for several years. The WOBWC teamed with the
Cities of Maumelle and North Little Rock will lead efforts in the watershed. Once BMPs begin to
be implemented, a routine watershed monitoring program should be implemented to track
reductions within the WOB. Any new monitoring data collected will be compared to historical
data.
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The first year and possibly even the second year of WMP implementation (2024 and
2025) will not be assessed through monitoring. Those years will be assumed to be “building”
years for the implementation measures. That is, it is unlikely that many new BMPs will have
been implemented within the first year and those implemented during the second year will
need time to stabilize prior to producing their maximum benefits. After the first five years of
post WMP approval the assessment of loading status will be completed for the most recent
three years of data. That is, monitoring will begin on or around January 2026 and continue for 3
years through 2028. This cycle of monitoring and evaluation will then continue forward until
what time as revisions are needed.

In addition to load monitoring, BMP effectiveness will also be monitored in two of four

ways:
1. Implementation of BMPs on the ground, and
2. Acres of wetland or other critical water or land resources protected, or
3. Modeling of reductions from BMPs implemented, or
4, Monitoring of runoff above and below BMPs.

BMP monitoring provides a good measure of which BMPs are the most effective and which
are lacking or need adjustment.

3.0 PUBLIC INVOLVEMENT, EDUCATION AND
STAKEHOLDERS

8.1 Stakeholder Involvement

After years of efforts from a formal steering committee and a technical advisory
committee, all focused on WOB wetlands, in November 2018, a 501(c)(3) non-profit group was
formed called the White Oak Bayou Wetlands Conservancy (WOBWC). This group was formed
largely out of past steering committee members that helped develop the Wetland Management
Plan. The conservancy carries on with the primary mission to continue the management and
conservation of WOB. Both the City of Maumelle and the City of North Little Rock have senior
level staff that attend these meetings (some serving as board members). This stakeholder group
has met quarterly, at a minimum, to discuss new concerns, coordinate watershed efforts and
work on the WMP.
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8.2 Educational Outreach

Public outreach has been an important part of the wetland/watershed management
program for White Oak Bayou since the first steering committee meeting in/around 2009. This
strategy of reaching out to the public about wetland/watershed education helped to ensure
public support for the original wetland management plan and this watershed plan from the
beginning. As other water resource managers have learned, the public voice is a crucial
component to a successful management plan (Owen, et al 2009), and getting the public on
board with the concept of a plan designed to oversee proper wetland/watershed management
from the onset would save time, money, and headaches by addressing opposition and issues as
they arise, not after the plan has been written.

Public education of the importance of the watershed and its vast water resources was
and will continue to be an important component of this WMP and of future management
efforts. Without a continued understanding of why the WOB water resources are important to
the community, what functions, and services they provide, the WMP will lose stakeholder
support. Part of this education is directed at the community at large, and particularly those who
own land containing wetlands and streams and who are directly affected by management
efforts (Figure 8.2.1). Just as important is educating community leaders, so they will make
informed decisions about future planning that may directly or indirectly impact watershed
management. Other education efforts are directed at the schools through presentations and
environmental projects (EAST program), so that children will learn at an early age the important
functions healthy watersheds provide to the community and why the wetlands and streams
around their community are important to manage properly for continued functionality. There is
a history of educational opportunities with local colleges and universities for undergraduate
and graduate research, which has been taking place in the White Oak Bayou watershed since
2010 and is a current focus. Continued research and monitoring by college students is a tool
that could (and should) provide long-term data for gauging the success of the WMP and is likely
to become the foundation for future routine monitoring of the bayou. All communities in the
watershed benefit from relevant environmental and watershed education.
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Figure 8.2.1. Map reflects the history of workshop attendee property locations.

Most recently a public meeting/workshop was held on April 5, 2022. Approximately 21
people attended the event including the five presenters. The meeting included key stakeholders
and citizens living in the watershed potentially impacted by activities in the watershed. Through
these meetings, and other communications with stakeholder’s a reasonable and implementable
WMP can be, and was, developed.

The final draft of the watershed management plan will be made available electronically
to the WOBWC and to all other key stakeholders upon request. The WMP will be posted on the
City of Maumelle’s stormwater webpage. Future proposed revisions of the watershed
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management plan and schedules will be spearheaded by the WOBW(C and the City of
Maumelle.

Key details pertaining to this WMP are being transferred to an educational brochure, in
a summary format, that will be posted online and made available at City Hall for interested
public to learn more about this important effort.

8.3 Continuing Education

The WOBWC has on-going education efforts to the public that includes two annual float
trips on the WOB, an annual tree planting event and multiple other presentations and
community events that allows the public to engage and learn about the importance of WOB
and its watershed. The WOBWC has plans to re-invigorate its educational efforts in the schools
with goals of getting into the high school and middle school on an annual basis.

The City of Maumelle and the WOBW(C will continue to work with the residents of the
WOB watershed on implementation of BMPs and what programs can assist residents financially
to implement BMPs. Annual efforts will continue to educate landowners on a series of practical
BMP related activities and how to fund such efforts. During each 5-year WMP review a public
meeting will be held to receive comment regarding water quality related issues that still need
to be addressed in the watershed and to gage success of programs already implemented.

9.0 TECHNICAL AND FINANCIAL ASSISTANCE

The projected costs to accomplish a 20% reduction in sediment in the WOB is
summarized in the table below.

Table 9.0.1 Sediment load reductions for the WOB.

Management Measure TSS Reduced SRR Cost Estimate
reduced
50 ft Riparian Buffer in Urban/Hay 136,685 $0.70 $95,679
Green Area Enlargement in Urban Areas Negligible! $18.00 n/a
Unpaved Roads 59,073 $4.56 $269,372.88
Stormwater Retrofits 87,861 $21.60 $1,897,797.60
Street sweeping 14,829 0.69 $10,232.01
Streambank Stabilization 1,167,293 $0.72 $840,451.03

1See explanation in Section 6.3.3.
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A vast array of federal funding opportunities exists for developing and implementing
effective watershed management activities. Multiple incentives and grants are available for
landowners to implement agricultural BMPs; and grants are available to communities to install
stormwater treatment practices and replant riparian areas. Some grants will be more easily
obtained by non-profit or community groups, such as the WOBWC, which has already
successfully leveraged federal funding for some watershed related activities.

The majority of grant applications cycle on an annual basis with applications due the
same time each year. Many of the grants listed in Table 38 require matching funds from the
applicant. Awards are usually distributed within a few months of the application deadline.
Many grants require recommendations by the Governor or a state/federal agency of the
respective state in which a project will be completed. Grants highlighted in yellow are those
which best fit the overall goals of the assessment findings and recommendations. It is
anticipated that approximately one-third of the funding will come from a combination of these
programs. Section 319 grants and NAWCA grants are anticipated to be a good potential source
to fund BMPs in the watershed. The remainder of the funding will come from local landowners
and investors/doners.

Table 9.0.2. Private/Match Funding Entities for Watershed Management.

Entity

Pulaski County (Unpaved roads)

City of Maumelle

City of North Little Rock

State Conservation Districts in Pulaski County

AGFC

Local Landowners

To ensure continued financial efficiency and transparency, this plan will incorporate regular
financial monitoring and reporting practices. This includes tracking fund usage in real-time
and maintaining open communication with funding agencies to ensure funds are used as
planned and milestones are met on schedule.
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Table 9.0.3. Federal Funding Opportunities for Watershed Management.

Program (EQIP)

Grant Name Source Type/Purpose

American Rescue Plan (ARP) EPA/States Non-point source reduction, stormwater
drainage improvements related to
watershed management and climate
change

Conservation Reserve Program (CRP) USDA Agricultural BMPs

Cooperative Forestry Assistance US Forest Service Preservation of forested land

Environmental EPA Community education

Education Grants

Environmental Quality Incentives USDA (NRCS) Agricultural BMPs

Five Star Restoration Matching Grants
Program

EPA and National Fish
and Wildlife Foundation

Restoration of riparian and aquatic
habitats

Flood Mitigation Assistance Program

FEMA

Flood mitigation

National Fish and Wildlife Service
General Matching Grants — (North
American Wetlands Conservation Act
(NAWCA))

National Fish and
Wildlife Foundation

Fish, wildlife, habitat conservation

Native Plant Conservation Initiative

National Fish and
Wildlife Foundation

Protect/enhance/restore native plant
communities

Non-point Source Implementation
Grants (319 Program)

EPA (NRD in Arkansas)

Non-point source reduction and
watershed protection

Targeted Watershed Grants

EPA

Watershed protection and management

Urban and Community Forestry
Challenge Cost-Share Grants

US Forest Service

Forest conservation and restoration in
urban settings

Water Quality Cooperative Agreements

EPA

Watershed protection and pollution
prevention

Watershed Processes and Water
Resources Program

Cooperative State
Research, Education and
Extension Service

Watershed management

Watershed Protection and Flood USDA (NRCS) Watershed protection and management
Protection Program
Conservation Innovation Grants USDA (NRCS) Conservation related to agriculture
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Appendix A
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Unified Stream nt US

REACPH 1D: STREAM: . DATE/TIME: INITIALS:
Bl old - hneeed Trlo Lo OB <fil) St
REACH START REACH END 2,,[5
LAT: 34 80T LAT 2, @42 oM
LONG: _57. .49 19T LONG: _97 . 741 009
check applicable)
Rain in past 72-h: y {1/ Weather - Current conditions
Showers [AClear/sunny [JHeavy rain [_]Steady rain [_]Showers maear/sunny
CIMostly cloudy [JPartly cloudy [IMostly cloudy [_]Partly cloudy
Stream Classification Stream Origin
(] Perennial []Intermittent  Ephemeral [] Tidal [] Spring-fed  Mixture of origins [] Glacial
(] Coldwater [] Coolwater [_] Warmwater Order ] Montane (non-glacial) [] Swamp/bog [] Other
Hydroloqy
Flow: [] High (] Moderate  Low [_] None
Base Flow as %Channel Width: [10-25% [150-75% []25-50% %{5{1@0% Flows Measured: Yes @
Stream Gradient: ] High (=25ft/mi) _[_] Moderate (10-24 ft/mi) ow (<10 ft/mi) ~Slope: ft/mi
Sinuosity: [] High (] Moderate [E’{OW =N
System: Step/Poo! - Riffle/P ’QI - Pool (c;ircle)
rRun ZC % [ Pool 75 o [] Steps % "“/ 0
k) [JCobble (2.5-10") - ds m@ Packs
i » on
Szand (lggtt‘ly)z 5" Ellgo:;lger E:w ) Plants o) tation
ravel (0.1-2.5%) ed Roc ality: oor (] Optimal
Land use
[] Forest % [] Pasture <5 % [] Urban % Storm Water
[} commercial ZO % [_] Row Crops % b-Urban Storm Water ] Row crops
L Hay _ * % [] Industrial % [ ] Sub-UrbanZ > % (] Cattle [] Other [] No evidence
/
: IZI/Forest ; Q(( Shrub/SaplingL/ gf% Herbs/Grasses ,§ D o ] Turf/Crops ___ %
Riparian Width:  []<10 ft 11-25 ft ft [(1>50ft
[IMostly shaded (275% coverage) shaded (=25% coverage)
[CHalfway shaded (250% coverage) [JUnshared (<25% coverage)
Noted: Water Surface Appearance
Normal/None [] Sewage [] Anaerobic [] Slick [ Speen [] Globs
Petroleum Chemical [ Fishy [] Other ] Flecks one ] Other
Ei/rédityNVater Clarity:
Clear [] Slightly turbid (] Turbid
(] Opaque [} Stained Other
Sediment Deposits: [ | None [] Sludge [] Sawdust [ Oils [] Sand (] Relict shells

* Modified from Unified Strearmn Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011
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impact Coordinates
L.D.} (Lat/ Long) or
Waypoint
F+ 45
oT-\
(-1
Fr 2SR Us L
sT-L W sl
EA M
o g o
Trle  Lor 18
P 350
[ wro
HI Coordinates
I.D (Lat/ Long) or
Waypoint
ER
ER
ER
ER
ER
Impacts:

USA Reach Im

(3R

Severity
(1-3)

Z

A
/

Bank
Erosion
Hazard
L M H
VH EX
(circle one)

L M H
VH EX
(circle one)

L M H
VH EX
(circle one)

L M H
VH EX
(circle one)

L M H
VH EX
(circle one)

modification(CM) Trash in stream(TR), other

2 Severity. 1=minor, 2=moderate,

3=severe

Date;

Restoration
Opportunity
(1-3)

|

A

Bank
Lth. (ft)

Rest.

Opp.
(1-3)°

. Bank Erosion(ERY), impacted buffer(IB), Utilities in channel(U

3 Restoration Potential: 1=minimal, 2= moderate, 3=high
*Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

Il )9

Data Detail Sheet o

Imtlals /

[“v e son

Sfor v Ly

cwluer )

()J\/ {pnt
peloriv
4 CL\\\/»J/\ ,;4. o

9»/ . L«/u‘[ . J/;‘»/-/,\ (CLI(/(//)

d’r&v &Lr-»f\(\/ {L. (\_,_,,/! ('/amh A e e ALY

T SO Pl
J,Mﬁ cp @

4/0

/LA S (DPL-FQ)' Jppeed an BSL
Ren kf /wfl./ ves
e M Al Ofreens L
gmz/( Co—{r 94
arl N
2 ’":k !!ﬂ A
information for
Bank: Height ft, Angle Deg
Protection: Roots %, Roo! Depth ft

Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %

Bank: Height ft, Angle Deg
Protection: Roots %, Root Depth ft
Vegetation %

“Material: Silt/C  Sand / Gravel Cobble -
Bank: Height Angle Deg
Protection: Roots %, Root Depth ft
Vegetation %

“Material: Sand / Gravel Cobble -
Bank: Height Angle Deg
Protection: Roots %, Root Depth ft
Vegetation %

‘Material: Sil¥C  Sand / Gravel Cobble -
Bank: Height ft, Angle Deg
Protection: Roots %, Root Depth ft
Vegetation %

‘Material: Sitt/Clay Sand / Gravel Cobble - %
crossing(SC), Channel

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
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USA Reach |
Reach ID/Stream
puliddr
Impact Coordinates Severity
I1.D.1 (Lat/Long) or (1-3)
Wavpoint

TK-1 ¢ aon-|

Bz-7

Data Detail Sheet

Date:

?/z////

Restoration
Opportunity
(1-3®

!

Storest Lot il 2L b Heee

e C(J/vf((;

Initials:
Sio [ TEHF

Description

T



U Cont.

REACH ID: STREAM: : DAT?/TIME: INITIALS

s - e =

el 4 bt” UT - LOF U 09rC Som [oFTF
INFO:
Flood Plain Dynamics d
Connection: [] Poor Fair [] Good Vegetation: [] Forest pling Tall grasses [] Turf/crops
Habitat: (] Poor ISl/ﬁgir (] Good Encroachment: [] Po ] Good
Periphyton (attached algae): {
Filamentous: (] Sparse [] Moderate Abundant
Prostrate: (1 Sparse [] Moderate Abundant
Floating: (] Sparse [] Moderate [1 Abundant
Ve
lant m:
d: [] Sparse erate [] Abundant
[1 Sparse erate [ ] Abundant
[] Sparse erate [ ] Abundant
Aquatic Life Observed NoOAL Wildlifell In or Stream (evidence of):
OFish [dSnails []Crawfish [IMacroinvertebrates [Cattle r
Reach | {girclei moderate tag with a GPS way D)
Quitfa 2 3 uffers(IB): 1 3
Béturea ing(SC): @2 3 wpt
[Bapk Erosion(ER) : 1 2 3 [Tutilities(UT): 1 2 3 Wpt
annel Modification(CM) : 3 Wpt 1 2 3 Wpt

Notes:

If any of these irhpacts are significant use back of page 1 (pg. 2) for detailed description.

Channel Dynamics: see

[ Incised (degrading) Channelized (] Bed Scour Sediment Deposition

(] Widening Aggrading (] Bank Failure Culvert Scour (upstream / downstream / top)
(] Headcutting [ Bank scour [[] Slope failure None (natural stabile channel)

Channel nsions (facing downstream z

Ltbank Ht: @ Bankfull Depth Wetted Width: (fty Riffle/Run Depth 2,2, (ft)
Rt bank Bankfull Width TOB Width: (ft) Pool Depth /£ Z<¥ (ft)
Channel Stabilitf? RCAR 6 4123

Lt Bank: Angle degrees Rt bank

LtBank Vegetati A % cover RtBank % cover
LtBank Erosion Hazard: M H VH EX (circle one) RtBank EX (circle one)
Length Lt Bank -9 Length Rt Bank Affected:___, e/ o§i §

Whpt(s)

Good: Open area in public ownership J Fair: Forested or developed near  Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel access by vehicle | stream Vehicle access limited sensitive areas to get to stream Access by foot/ATV only
5 3 2 1
Notes: (biggest problem(s) you see in\s,t/rvey reach) i Restoration Potential:
1_6 lon :g E‘ ‘(g N L_ 0 %_“b T pe1? r;{ I%i(parian reforestation [_]Bank stabilization

f O retrofit  [JOutfall stabilization
B “EH’/J R l o e 5 f‘m'\ VPOJ o‘“ hannel modification [JPS investigation
Covrtef  of o ' [ Culvert rehab ] Other
Solrtef A _Jd ;‘I,.wcﬂj»/\

- 4

Place sketch of reach on back of page.

e (\_l Q[,o ) V\r{)é)f rle /‘A

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1 4 October 2011



Unified Stream sment USA
REACH ID: STREAM: DATE/TIME: INITIALS:

0~ | [ NR < {,//9 1250 LM
REACH'START REACHEND "/ 1
LAT LAT: 24/, 9704797
LONG: - 92 .36 OL/}H/' LONG: ~921'5& 5-'{-?5«-“0

Rain in past 72-h: y /& Weather — Current conditions
[(JHeavy rain [] rain []Showers [JClear/sunny [JHeavy rain []Steady rain [ ]Showers @éear/sunny
[Mostly cloudy cloudy [IMostly cloudy []Partly cloudy

ittent (] Ephemeral [ ] Tidal ixture of origins [] Glacial

(] Coldwater [] Coolwater [_] Warmwater Order ] Montane (non-glacial) (] Swamp/bog [] Other.
Hydrology ’
Flow: [] High (] Moderate  Low [] None
Base Flow as %Channel Width: []0-25% [150-75% [_125-50% %{5/400% Flows Measured: Yes/No
Stream Gradient: [ ] High (=25ft/mi). (] Moderate (10-24 ft/mi) Low (<10 ft/mi) ~Slope: ft/mi

Sinuosity: [] High (] Moderate [(Low < 1. T
System: Step/Pool - Riffle/Pool

[ Riffle % [ Run % [ Pool /90 % [] Steps %
Dominant In-Stream Habitats
k) DCObee (25_1 on) DWOOdy Debris DROOt Wads eaf Packs

[(]Sand (gritty) [IBoulder (>10")
CGravel (0.1-2.5”) [JBed Rock

astu n % [ Industrial Storm Water

[zéi ] Urban/Sub-Urban Storm Water EI{ow crops
[] Hay % [] Industrial % [] Sub-Urban % IZﬂ:attle ] Other (] No evidence

Vegetation Type: ("] Forest [] shrub/Sapling % IﬁHerbs/Grassesj 2 % %urf/CropsSt) %
'—Eéoi;f‘f d

Riparian Width: 25f  []26-50 ft > 50 ft
[Mostly shaded (275% coverage) shaded (225% coverage)
[JHalfway shaded (250% coverage) d (<25% coverage)
Water Surface Appearance:

[] Anaerobic (] slick (] Sheen ] Globs
(] Petroleum [] Chemical [] Fishy [] Other (] Flecks JNone [[] Other
Turbidity/Water Clarity: E/
[ Clear Slightly turbid [ ] Turbid
(] Opaque [] Stained Other
Sediment Deposits: [ ] None [] Sludge []Sawdust []0Qils []Sand ] Relict shells ’M/S.H

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011



“Material. Silt/Clay

USA Reach | Data Detail Sheet nal
R IStream: . Date: Initials:
, ] ——
l Wnik 0eK Bevae <llso Sinn [TEF
Impact Coordinates Severity Restoration Description
.D.} (Lat/Long) or (1-3)? Opportunity
Waypoint (1-3)°
k= z1> 17 The orif. o wirets
j@’\ 29~y M 3 -3 L r) | Cﬁ7 ‘7'/
Ry vAD .
A
_ tl -lP 2579 A '
‘EB‘/B/ L 7 -3 z-3 y l Nome ik of 7
o — 1w ff R el -l
g e’ fermrs srell mefel brids o
| -92.3u2se” ! L
BEHI Coordinates Bank Bank Rest. Bank information for BEHI
L.D (Lat/ Long) or Erosion Lth. (ft) Opp.
Waypoint Hazard (1-3)°
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection. Roots %, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
4Material: Silt/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
4Material: Silt’/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %

Sand / Gravel Cobble - %

Impacts: Outfall(OT), Bank Erosion(ER), Impacted buffer(IB), Utilities in channel(UT), Stream crossing(SC), Channel

modification(CM), Trash in stream(TR), other.
2 Severity: 1=minor, 2=moderate, 3=severe
3 Restoration Potential: 1=minimal, 2=moderate, 3=high
. “Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schulier, 2004)
Page 2 of 3
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Cont.

REACH ID; STREAI\T: DATE IME: INITIALS:
1470é‘3 [Icde (Da Z( gvxw f’u 1y il TP
OTHER INFO:' l
Flood Plain Dynamics ﬁ
Connection: []Poor [ Fair Good Vegetation: [] Forest [[] Shrub/Sapling Tall grasses [] Turf/crops
Habitat: Poor [ Fair Good Encroachment: ] Poor []Fair [] Good
Periphyton (atgghed algae): Algae (phytoplankton) abundance
Filamentous: None []Sparse []Moderate []Abundant iceable (water basically clear)
Prostrate: [ None [A'Sparse [ Moderate [] Abundant [] Moderate (water slightly green tinted)
Floating: [ANone [ Sparse [ Moderate Abundant [J Abundant (water appears green)
A Plants I Stream
S ed: ?ﬂone (] Sparse Moderate [ ] Abundant
E t None [ Sparse Moderate [] Abundant
Floating: 1 None Sparse [ Moderate [] Abundant
Agdatic Life Observed: wildlife/L In or Stream (evidence of):
Fish [JSnails [JCrawfish [“Macroinvertebrates [Cattle r
Reach Impacts: (circle impact level 1=minor, 2=moderate, 3=major, and tag with a G
(JOuytfalls(OT): 1 2 3 Olmipacted Buffers(IB): 1
tream Crossing(SC): 2 3 Wpt Trash(TR): 692 3 Wpt
[JBank Erosion(ER): 1 2 3 Wpt 12
[(JChannel Modification(CM) : 1 2 3 Wpt 2 3 Wpt
Notes:

[}
If any of these impacts are significant use back of page 1 (pg 2) for detailed description.
Channel Dynamics:

(] Incised (degrading) (J Channelized [1 Bed Scour Sediment Deposition

(] Widening [ Aggrading (] Bank Failure Culvert Scour (upstream / downstream / top)
[] Headcutting (] Bank scour (7 Slope failure None (natural stabile channel) C\,L"G/\’\'ﬂ
Channel Dimensions downstream)

Lt bank Ht: Bankfull- Depth 5 [®) (ft) Wetted Width: Z s (ft) Riffle/Run Depth (ft)
Rt bank Bankfull Width 2 ) (ft)) TOB Width: B 30D (ft) Pool Depth

Channel Stability:

Lt Bank: Angle Z (2 rees Rt Bank: Angle 55

LtBank Vegetation % cover RtBank Vegetation protection % cover

LtBank Erosion Hazard M (circle one) RtBank Erosion Hazard: M VH (circle one)

Length Lt Bank VL Length Rt Bank Affected L

Wopt(s): Wpt(s):

Good: Open area in public ownership. J Fair: Forested or developed near Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel access by vehicle |~stream. Vehicle access limited. sensitive areas to get to stream Access by foot/ATV only.
5 2 1

Notes: buggest problem(s) you see in survey reach) N4 tion

L)\' p C S‘/‘ anr n [JBank stabilization
A@ v ) Mo LA e Yes CStormwater retrofit ~ [JOutfall stabilization
[JChannel modification [(]PS investigation

J L J } o~ [ Culvert rehab. [ oOther

-C ¢ V(7 ‘l€ '
Place sketch of reach back of baae.

“ Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
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Unified Stream Assessment US
REACH ID: STREAM: — DATE/TIME: INITIALS
- rene To1b ) . Y
START REACH
LAT v LAT LS

J one:  _ 97 199933 LONG: _ 97 392525

Rain in past 72-h: y /
[(JHeavy rain [JSteady rain [1Showers [IClear/sunny [JHeavy rain []Steady rain []Showers nny
(IMostly cloudy [“IPartly cloudy [IMostly cloudy [ JPartly cloudy

Stream Origin
(] Perennial ntermittent [_] Ephemeral [] Tidal [] Spring-fed ixture of origins [_] Glacial

] Coldwater [[] Coolwater [_] Warmwater Order ] Montane (non-glacial) (] Swamp/bog [] Other
Hydrology
Flow: (]Hgh Moderate ] None ,
Base Flow as %Channel Width []0-25% [150-75% 25-50% [ﬁ%- 00% Flows Measured: Yes /@
’9’ Stream Gradient: [ ] Hjgh (=25f/mi) [ ] Moderate 0-24 ft/mi) Low <10 ft/mi) ~Slope: ft/mi
¥} Sinuos High [M'Moderate [ ] Low

System: Step/Pool - Riffle/Pool -
] Riffle % [JRun % [ Pool 447‘) % [ Steps %

iit'clay (fine or slick) ~ [JCobble (2.5-10") EWMY_ Do ng e [lLeaf Packs
[Jsand (gritty) [JBoulder (>10") Dhcetc ndercut Ban
[IGravel (0.1-2.5") [CIBed Rock Habitat
) n
— S % [ Pasture % [] Urban % ustrial Storm Water
IE/CommerciaI us % ] Row crops
% Urban Sg'/% ™ ] No evidence
C CM../ b
Vegetation Type I]/Forestz/( % Shrub/Sapling /D o, E(Herbs/Grasses S % Ig/{un‘/Crops (a/) %
Riparian Width: []<10 ft 1-25f [[]26-50 ft [1>50ft
%y!ostly shaded ( ) [(JPartially shaded (225% coverage)
Halfway shaded e) [JUnshared (<25% coverage)
g/ors Noted: Water Surface Appearance:
Normal/None [] Sewage [] Anaerobic [ Slick (] Sheen ] Globs
] Petroleum [] Chemical [] Fishy [] Other [] Flecks one (] Other.
Turbidity/Water Clarity:
] Clear Slightly turbid ] Turbid
] Opaque (] Stained Other
Sediment Deposits:  None [] Sludge [0 sawdust [] Oils [] Sand [1 Relict shells

A

—

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011
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USA Reach Im

Reach ID/Stream:

impact Coordinates Severity
L.D.! (Lat/ Long) or (1-3)
Waypoint
ER-] WP TIFY 2
P 4ef
el I8
Coll  w? I .
{ o ,5'2 ? w5
-1 e Sl \
g W ! (
'y
BEHI Coordinates Bank
1.D. {Lat/Long) or Erosion
Waypoint Hazard
ERY (0P 787 N7 4 ( H
LEFRS R %ﬂEX
) (circle one)
ER T
v Ty
GC
ER L M H
VH EX
(circle one)
ER L M H
VH EX
(circle one)
ER L M H
VH EX
(circle one)

Impacts: Outfall
modification(CM)  Trash in stream(TR), other
2 Severity: 1=minor, 2=moderate, 3=severe

Data Detail Sheet
Da/e:
/o1y 11100

Restoration
Opportunity
(1-3p

2z

S’R}V«A., ,{»fﬁ V BN
fpfee[’ { ars -:.I'\"'.//(,
~ L1900 !
} Z@a/\

pwu‘

t
[in

( po 60

{ CM’(J"/L’ Cf)f’

(’ F—vﬁ/

Bank
Lth. (ft)

Rest.
Opp

(1-3)°
/002
/000 !

457"
99y

Protection
Vegetation
“Material

Bank: Height
Protection: Roots
Vegetation

*Material: Silt/Clay

Bank: Height
Protection: Roots
Vegetation
4Material: Silt/C
Bank: Height
Protection: Roots
Vegetation

“Material: Silt/Clay
, Bank Erosion(ER), Impacted buffer(IB), Utilities in channel(UT), Stream crossing(SC), Channel

3 Restoration Potential: 1=minimal, 2=moderate, 3=high
“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)

Page 2 of 3

___ %, Root Depth

nal

nitials:

S/ ET

Description

Lok & b s

lrof O —

J

Cav-v ,9

Cuﬂjfﬂ$

A

Ar

Bank information for BEHI

Bank: Heightly.5¢ 7,0£ ft, Angle

Root Depth ft

ravel Cobble - %

Bank: Height 4«0 &/.5 ft, Angle

Root Depth ft
ravel Cobble - %
ft, Angle Deg
%, Root Depth ft
%
Sand / Gravel Cobble - %
ft, Angle Deg
%, Root Depth ft

%

Sand / Gravel Cobble -
Angle Deg
ft

%

Sand / Gravel Cobble-%__

V 1 4 October 2011



USA Reach Im Data Detail Sheet o

Reach ID/Stream: Da}e: Initials:
Cof -1 AT \e OB 2 Jlulzoy <o [y F
Impact Severity Restoration
LD.! (Lat/ Long) or (1-3) Opportunity
(1-3)
- O U2 D /7% L8 Ku -
._J,' KJ \ | ’ K / ‘ / e -y ey
, ?)S!' /D‘V{{k‘/& /OOOf /‘1/0 /
l/\-)lF "S(,OV\ / C) olf Cow rat€ {a- by I



Cont.

REACH ID: E: INITIALS:
CC-T 10 i SR
OTHER INFO:
Flood mics
Connection Poor [1Fair [] Good Vegetation Shrub/Sapling [] Tall grasses Turf/crops
Habitat: Poor [JFair [] Good Encroachment: (] Fair [ Good
[%{ﬂoderate Abundant
Moderate Abundant
[J Moderate [] Abundant
P m:
e (] Sparse [ Moderate [ ] Abundant
t: Sparse [ Moderate [] Abundant
[ Sparse ] Moderate [] Abundant
Life Observed: . Wildlife/L In or Around S
(ISnails [JCrawfish acroinvertebrates CCattle r sz:g:l the
Impacts (circle impact level 1=minor, 2=moderate
2 3
Crossing(SC)
Erosion(ER)
Modification(CM) : @) 2 3 wWpt
Notes:
If any of these impacts are significant use back of page 1 (pg. 2) for detailed description.
| Dynamics
Incised (degrading) (] Channelized ] Bed Scour Sediment Deposition
Widening (] Aggrading (] Bank Failure Culvert Scour (upstream / downstream / top)
[] Headcutting [ Bank scour [] Slope failure (] None (natural stabile channel)
WP 0 Channel Dimensions (facing downstream):
354 Ltbank Ht: Bankiull Depth Wetted Width Riffle/Run Depth
we@  Rtbank Bankfull TOB Width 2~ Pool Depth - 3
7] Channel Stability:
Lt Bank: Angle A degrees Rt Bank: Angle lZ {) degrees
LtBank Vegetation % cover RtBank Vegetation protection % cover
LtBank Erosion Hazard: L VH EX (ci/rgle one)J / RtBank Erosion Hazard: L VH EX (circle one)
Length Lt Bank H G~ 274 ength Rt Bank Affected: /

<&

Good: Open area in public ownership. Fair: Forested or developed near Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel access by vehicle. stream Vehicle access limited sensitive areas to get to stream Access by foot/ATV only
> 3 2 1
Notes: (biggest problem(s) you see in survey reach) Restoration Potential:

if“ ¢ U‘\ mj J, )poof il (6~ yul,, (IRiparian reforestation [JBank stabilization
[CIStormwater retrofit ~ []Outfall stabilization
\z L,\V\_ f },,J/ 1\1\'\:) g “l (: Chv rdA [JChannel modification gﬂs inv
L [] Culvert rehab. Other
. ool (7>A f“k /"I/QL/,,,~ L«o, {
page. yebilii licn bl Lol

P o
"‘:_J)

" Modified from Unified Stream Assessment. A Users Manuai, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1.4 October 2011



1

REACH ID:

REACH START

LAT: 2], U] §99°

Unified Stream Assessment U
STREAM: DATE/TIME: INITIALS ,

Newlo~ Creell oy M32 <seun/ s
REACH END {

LAT: oy ou3 < T35

LONG: ~91.,%2 qu.fg" LONG: ’9L/2)3 9[1720

lcheck apbplicable)
Rain in past 72-h: y /@Y Weather — Current conditions
[JHeavy rain [JSteady rain [JShowers [JClear/sunny [JHeavy rain []Steady rain []Showers

Déear/sunny

[ IMostly cloudy [APartly cloudy [IMostly cloudy [JPartly cloudy
ittent [_] Ephemeral [] Tidal ixture of origins [] Glacial
[] Coldwater [] Coolwater [ ] Warmwater Order (] Montane (non-glacial) [] Swamp/bog [] Other

Flows Measured: Yes@

~Slope: €€  f/mi

——n

System: Step/Pool @| - Pool (circle)
%

un 2O % [ Pool (éf%DSteps

21| ocr an
[JCobble (2 5-10")

Dominant Substrate

k) [[JLeaf Packs

ds

: ” [IDeposition (CJUndercut Bank
E(S:nd (Iglgtt‘ly)2 5 Egogl;er 5:10 ) Agquatic Plants  [JOverh tation
ravel (0.1-2.5") ed Roc Habitat Quality: [JPoor IZﬁ:rr1 [[1 Optimal
Local Watershed NPS Pollution
W % E/Pasture S~ % [ Urban—£T % Storm Water
] Commercial_/2__% [] Row Crops % b-Urban Storm Water  [_] Row crops

] Hay % [ Industrial "% [] Sub-Urban 2 Do% [cattle [Z/Other’ wnK e (] No evidence

‘ 2¢
Vegetation Type: Eﬁ:orestw % |Z]/‘Shrub/Sapling < % E{Herbs/GrassesM % [] Turf/Crops %

Riparian Width: [J<10ft [411-25ft []26-50 ft > 50 ft
[Mpstly shaded ( ) [(Partially shaded (225% coverage)
alfway shaded e) [(Unshared (<25% coverage)

Water Surface Appearance

Oders Noted:

Normal/None [ ] Sewage [ ] Anaerobic [] Slick %}heen (] Globs
[ Petroleum [] Chemical [] Fishy [] Other (] Flecks None Other
'Ig(lﬁdityNVater Clarity:

Clear (] Slightly turbid ] Turbid
(] Opaque (] Stained [] other
Sediment Deposits: Eﬁlone (] Sludge (] Sawdust []Oils []Sand [] Relict shells

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
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USA Reach |
Date:
(“mek ?/I.)?ol?
Impact Coordinates Severity Restoration
1.D. (Lat / Long) or (1-3)2 Opportunity
Waypoint (1-3)2
e Ceo Lelows | {
ZE
Er-"T See belo 2 7
LB
uT- | ,
vl —_——
Ww-1t 9t. i’ | l
M.RUCSNY
e\ A2.337 ’;v ( {
4, UG
f-1 -91,?;1(17,3# t (
—_ . b 4 ()
t_"’zi_ %‘4.%“1(%3?0 -5 1
Lree gz 837 - |
,y M, YU 99~
AL ‘ !
34, 0
Yo -9 2191‘(?0 24° | I
See ot/ Y o
BEHI Coordinates Bank Bank Rest.
I.D. (Lat/Long) or Erosion Lth. (ft) Opp.
Waypoint Hazard (1-3)?
ER-|  zu.gys7i’ O M H ’
SUstrafy Y VH Ex ]Iz /
EE 3, BIP323 ° (circle one)
5 (o0 4 1 WA
ER-72 34.9YSEN” L® H
LI 2 W EX  yp”
L3 e 7y (circle one) z
-9L-33( 075
ER-> 34, qMr38s”® L M @) .
S50 ALY ) VHOEX /60 7,
L® LRSI (circle one)
9337w
ER- ¢ud 3¢’ - g Mm H
R 291337 ¢ VH EX C - !
3, pH YT (circle one) l
- sars .
ER-§ <4.¢guv Yﬂ9', L WH 0 e
L,f& 2,331 ;')T \(H EX S/ }
CRITLeis (circle one)

-97,,737 L3’
Impacts: Outfall , Bank Erosion(ER),
modification(CM) Trash in stream(TR), other
2 Severity: 1=minor, 2=moderate, 3=severe
3 Restoration Potential: 1=minimal, 2=moderate, 3=high

Data Detail Sheet

pacted buffer(IB), Utilities in channel(UT), Stream

nal
Initials:

luz o Y /TFF

Description

rOw‘ p/OI/OA 19"‘
JUy P he Pf'o/:f.f/‘/
-~ <
gt",\olcqvb Cl—’/' /M/ IpET e~

v'\_oédf Cman g

= L~
P-lae
d <
- ule vt o g
Bk Loilse oF e r00r Blfe
~ ey

,,.'NL: f""/"/ee'k’
K rghwevy beidy—

oA ingu s

E‘,Irw?/l £ 5H -~ L ’
(v /N‘/\D P ) (r, e

Bank information for BEHI

o

Bank: Height _{¢ ft, Angle
Protection: Roots_¢, 4 %, Root

Vegetation %
*Material: SiyCTay SaRd / Gravgl Cobble - % /S~

Bank: Height ——u.5" ft Angle 29  Deg
Protection: Roots_z 5 %, Root Depth _p.§~ ft

on %
| STUC/Ey Sand / Gfayel Cobble -% /S~

Bank: Heig Angle > ¢ Deg
Protection: %, Root Depth a.1 _ ft
Vegetation __ S~ %

“Material: Sittttay-8egd / Gfavgl Cobble - % 5~
Bank: Height——7 ft, Angle "7 0 Deg
Protection Root Depth _% ft
Vegetation

“Material ravel (Cobbl - % ZS~
Bank: He

Protection

Vegetatio

“Material

nel

“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

* Modified from Unified Stream Assessment: A Users Manual, (Kitchatl & Schuller, 2004)

Page 2 of 3
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USA Reach | Data Detail Sheet o

Reach ID/Stream: Date: Initials:
M- I\)AJL’" (v eal ’gji? M3 Y /TI‘P
Impact Coordinates Severity Restoration Description
1.0} (Lat/Long)or (1-3)2 Opportunity
Wavbpoint (1-3) 5 "
y Met4Ser” & / For « oy +
Ig -9L,3§(}|Z0°\» l OvEinc iy -(:J‘ & ,
LEFRL /a0 d Ao bldi f
- 3.8440%9 ros
M ~9. 337 MY
Irg-2 . / Jor < bicds vple Sheco

_ =07



d

USA Cont.

REACH ID STREAM: DATE/TIME: INITIALS:
NQ-Y/ U@w“ﬂr Crul’\ 29 1uro <t ISrET
OTHER! FO:
Flood Plain Dynamics I{
Connection: [1 Poor air [] Good Vegetation: Shrub/Sapling [ Tall grasses D furflcrops
Habitat: [ Poor Fair [] Good Encroachme O Fair [ Good
S Algae (phytoplankton) abundance:
%}Aoderete Abundant None noticeable (water basically clear)
Moderate Abundant [] Moderate (water slightly green tinted)
(1 Moderate [] Abundant [ Abundant (water appears green)
Plan m:
ed: [“] Sparse [] Moderate [] Abundant
t: [J Sparse [] Moderate [] Abundant
[] Sparse [] Moderate [] Abundant
Agdatic Life Observed: Wildlife/L In (evidence of)
Fish [Snails []Crawfish Cattle r
Reach Impacts: (circle impact level 1=minor, 2=moderate, , and tag with a GPS way D)

ed Buffers(iB): 1 @ 3
[(Trash(TR): 1 2 3 Wwpt
[@ACtiitiesUT): @ 2 3 Wpt
[]Other 1 2 3 Wpt

If any of these impacts are significant use back of page 1 (pg. 2) for detailed description.

[1 Channelized (] Bed Scour [[] Sediment Deposition
Il%%ggrading Bank Failure [ Culvert Scour (upstream / downstream / top)
ank scour [ Slope failure (1 None (natural stabile channel)

Channel Dimensions (facing downstream): o 25
Ltbank Ht: 4. S (f) Bankfull Depth <. S (fty Wetted Width: Riffle/Run Depth_ &3~ (ft)
Rtbank Ht:__ {¢ (fy Bankfull Width _ /Lo (fty) TOB Width Pool Depth __ 2§ (fty
Channel Stability:
Lt Bank: Angle S o) Rt Bank: Angle S O degrees
LtBank Vegetation protection % cover RtBank Vegetation protection % cover
LtBank Erosion Hazard: L M @/ VH EX (circle one) RtBank Erosion Hazard: L VH EX (circle one)
Length Lt Bank Affected 90 Length Rt Bank Affected: 1
Wpt(s) Ze las P

Good: Open area in public ownership. Fair: Forested or developed near Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel access by vehicle  stream Vehicle ascess limited sensitive areas to get to stream Access by foot/ATV only
5 4 3 2 1

Notes: ( oblem(s) yo Eers(oration Potential: I:/

/a ot ,‘/)-,, . s L,,_ - / Riparian reforestation ["]|Bank stabilization

o [IStormwater retrofit  [JOutfall stabilization
(;’ «-«{  [JChannel modification [JPS investigation
[] Culvert rehab [ other

e = Cwv

ach on back of page.

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1.4 October 2011
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Unified Stream Assessment

REACH |D: STREAM: DATE/TIME: INITIALS:
Poe, N

REACH START REACH END

LAT: LAT:

LONG LONG:

Rainin past 72-h:y/n  Weather - Current conditions
[[IHeavy rain []Steady rain [JShowers I{Clear/sunny [JHeavy rain []Steady rain [JShowers E]Clear/sunny
[CIMostly cloudy [1Partly cloudy [CIMostly cloudy [JPartly cloudy

Stream Classification
(1 Perennial ] Intermittent [ ] Ephemeral [[] Tidal (] Spring-fed 4 Mixture of origins [] Glacial
(] Coldwater [[] Coolwater [ ] Warmwater Order (] Montane (non-glacial) [[] Swamp/bog [] Other

Flow: [] High (] Moderate X Low [] None

Base Flow as %Channel Width: [ ]0-25% [ 150-75% [ 125-50% [X]75-100% Flows Measured: Yes @
Stream Gradient: [ ] High (>25ft/mi) [] Moderate (10-24 ft/mi) X} Low (<10 ft/mi) ~Slope: ft/mi

Sinuosity: [] High [J Moderate K] Low
System: Step/Pool - Riffle/Pool - Pool (circle)

ORifle_ O % MRun 'O % K Pool % []Steps © %

Dominant Substrate

Ksilticlay (fine or slick)  []Cobble (2.5-10") [Owoody Debris  [JRootWads  [JLeaf Packs

[Jsand (gritty) [CIBoulder (>10") DD:position Bgndercut Bank {ation

[JGravel (0.1-2.5") (JBed Rock it Poor [ Optimal

Land use

[T] Forest % [] Pasture % ] Urban % [ Industrial Storm Water

(] Commercial % ] Row Crops % m Urban/Sub-Urban Storm Water ] Row crops

O Ha % [] Industrial % [ Sub-Urban % [ Cattle [ ] Other {1 No evidence
y __ __

.50 Forest 5% [X] Shrub/Sapling 30 %  Herbs/Grasses \() % B Turf/Crops 50 %
Riparian Width: BJ<10ft  []11-25ft []26-50 ft [1>50ft

[IMostly shaded (=75% coverage) XPartially shaded (=25% coverage)
[]Halfway shaded (=50% coverage) [JUnshared (<25% coverage)
Water Surface Appearance:

(] Slick ™ sheen (] Globs
[ Petroleum [] Chemical [] Fishy [] Other [] Flecks [] None [] other,
Turbidity/Water Clarity:
X clear [ Slightly turbid [J Turbid
[ opaque [ Stained (] other
Sediment Deposits: [ ] None Sludge []sawdust []Oils [] Sand ] Relict shells

‘ Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
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USA Reach Data Detail Sheet
Reach ID/Stream: Date:

Tinia AR K. 1215118 fo

-~ {47 AL 2,1 3 std ¢ 'frr
q N vxu-wdm‘ rue
20, " 15D ; 3 1R alsb
\0,0T-— 151 4iF 31 z Sl CUn o (6 fropa wna eno0 s Suia
< gt 5z 32 7 Boevar o L hoax Dum? JM’ et L U A
\6,U_TITQ;(‘/ {5"‘* (‘:‘" gecsy 5 ’an’ll ) g ey, & [CJLf
‘\%,GL —— i»’ﬁ; IV IRG) 1999 Sheer 0 @S mga e e W (VO
<¢ — T g L s = (:,}fi_', ,‘M/.w [EIETEL TN ",jx’i‘ v
CN\ OT\F \\\(4/\_1 14 'n\u)-“' ‘5’2\“) AT S S v A L N
12D |
2% J
. 3 [AVEENA o~ e
s 34 3
ER LiM'H
VH EX
(circle one)
ER L I\@ H Bank: Height Angle
FI’ Protection: Roots_\/A %, Root Depth Nt
(circle one) Vegetation % AV
‘Material: Sand IGraveI Cobble %
ER L M H Bank: Height Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
‘Material Sand / Gravel Cobble -
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
lay Sand / Gravel Cobble -
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
‘Material: SiltyClay Sand / Gravel Cobble -
Outfall(OT), , Impacted ities in crossing(SC), Chan
ion(CM), stream ther.
2 1=minor, rate, 3=
3 n Potential: 1= od 3=high
4 rial; circle base or and if present circle rock type and note %

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011



Cont.
REACH ID: STREAM: {TIME: - Nt

D08 Prcw ) i G ARY =

OTHER INFO:

n
Connection: Poor [JFair [JGood Vegetation: [] Forest (] Shrub/Sapling [ Tall grasses W Turffcrops
Habitat: Poor []Fair []Good Encroachment: % Poor [] Fair [] Good
Perip (attached algae): Su ( plankton ndance
Filam : ™I None [ Sparse [ Moderate []Abundant i1 i basically )
Prostrate: O None X Sparse [ Moderate [] Abundant [] Moderate (water slightly green tinted)
Floating: OO None [ Sparse []Moderate [] Abundant [0 Abundant (water appears green)
A lan m: EET
S d: X Moderate undant , 4 {r
Emergent: [ O [ Moderate undant mvpfi’/' (s
Floating: .None [] Sparse [ Moderate undant
Aquatic Life rved: Wildlife/Livestock In or Around Stream (evidence of):
OFish [s (Jc [Macroinvertebrates [(ICattie []Beaver WDeer
level 1=minor, 2=moderate, 3=major, and tag with a GPS waypoint(s) (Wpt) ID)
1 2(3)wpt______
1 3 Wpt
Xutilities(UT) 3 Wpt
2 1 2 3 Wpt

Notes:

if any of these impacts are significant use back of page 1 (pg. 2) for detailed description.

Channel Dynamics

[J incised (degrading) E Channelized [ Bed Scour

] Widening B4 Aggrading [] Bank Failure top)
[] Headcutting [1 Bank scour [] Slope failure

Channel Dimensions (facing downstream):

-Lt bank Ht: __ {9 (ft) Bankfull Depth \\Q (fty Wetted Width: 3-5 (ft) Riffle/Run Depth NA (ft)

Rtbank Ht__ 2 (f) BankfulWidth __ 1 (fy) TOBWidth. |1 () Pool Depth __ 113> (ft)

Channel S AISELT RN

Lt Bank: Angle degrees Rt Bank: Angle d s

LtBank Vegetation 0 % cover RtBank V ion % cover

LtBank Erosion M H VH EX (circle one) RtBank E Ha M H VH EX (circle one)

Length Lt Bank Affected Length Rt Bank Affected:

Wpt(s) A

Good: Open area in public ownership. Fair: Forested or developed near  Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel by vehicle. stream. Vehicle access limited sensitive areas to get to stream. Access by foot/ATV only.
5 4 3 2 1

Notes: (biggest problem(s) you see in survey reach) Restoration Potential:

PdRiparian reforestation []Bank stabilization
WXStormwater retrofit  [JOutfall stabilization
OcChanne! modification []PS investigation
[ Culvert rehab. (1 Other

[y C ool ey o .
\ \ \-)(w' ) O d ’ﬁ”(?"(\’\‘ £ D6y O o RDE e

Place sketch of reach on back of page.

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1.4 October 2011






Unified Stream Assessment uSA

REACH ID: STRE : IN .

WORL T8 0k Boua LA S (DAY
REACH START REACH END
LAT: LAT:
LONG: LONG:

Rain in 'y/n

[(JHeavy rain [JSteady rain [ ]Showers sunny [JHeavy rain [JSteady rain [JShowers ECIear/sunny
[COMostly cloudy [IPartly cloudy [CIMostiy cloudy [JPartly cloudy

Stream Classification
$4 Perennial [] Intermittent (] Ephemeral [] Tidal (] Spring-fed [XJ-Mixture of origins [] Glacial
[ Coldwater [] Coolwater ' Warmwater Order [] Montane (non-glacial) (] Swamp/bog [] Other,

Flow: [] High ] Moderate [ ] Low [] None
Base Flow as %Channel Width: []0-25% [150-75% []25-50% [%75-100% Flows Measured: Yes
Stream Gradient: [] High (>25ft/mi) [] Moderate (10-24 ft/mi) ['Low (<10 ft/mi) ~Slope: f/mi

Sinuosity: [] High oderate [ ] Low
System: Step/Pool - Riffle/Pool - Pool (circle)

CIRifle ____ % B Run I % K Pool | % [] Steps %
Dominant Substrate Dominant In-Stream Habitats
Psilt/clay (fine or slicky  [JCobble (2.5-10") % tiI(J)ibris 3:1; o [(JLeaf Packs
Sz?:\(lje(lg(gtt‘ly-)Z 5") Ellg:;“;?);f(>10") DAgua\tit‘:\PI‘ants N E]Overha.nging Vegetation ’
Habitat Quality: [JPoor [JFair [JGood [] Optimal
Land use Local Watershed NPS Pollution
(] Forest % [] Pasture % [JUrban % [ Industrial Storm Water
[J]Commercial_____ % [JRowCrops % B¢ Urban/Sub-Urban Storm Water ~ [_] Row crops
OHay__ % [ Industrial____ % [} Sub-Urban__ % [] Cattle [] Other ] No evidence

:]ZIFores@% B4 Shrub/Sapling 55 % IZ] Herbs/Grasses 22 % [] Turf/Crops %
Riparian Width: [J<10ft  [J11-25ft []26-50ft X1 > 50 ft

ostly shaded (275% coverage) [IPartially shaded (225% coverage)
[JHalfway shaded (250% coverage) [CJunshared (<25% coverage)
Odors Noted: Water Surface Appearance
% Normal/None [] Sewage [] Anaerobic [ Slick [] Sheen [] Globs
1 Petroleum [] Chemical [] Fishy [] Other [] Flecks X None Other
Turbidity/Water Clarity:
(I Clear [] slightly turbid (] Turbid
] Opaque X Stained Other
Sediment Deposits: [ ] None [ Sludge [JSawdust []Oils []Sand [] Relict shells

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011



USA Reach |
Reach II;[Strean};'

L) A4
impact Coordin Severity
.D.! (Lat/Long) or (1-3)2
Wavpoint

vl
BEHI Coordin tes Bank
.D. (L t/Long)or Erosion
Waypolnt Hazard
ER L M H
VH EX
(circle one)
ER L M H
VH EX
(circle one)
ER L M H
VH EX
(circle one)
ER L M H
VH EX
(circle one)
ER L M H
VH EX
(circle one)

Impacts: Qutfall
modification(CM), Trash in stream(TR), other
Z Severity: 1=minor, 2=moderate, 3=severe

Erosion(ERY), Impacted buffer(

Data Detail Sheet nal
Date; Initials: , | -
Ve 7 -
n /el SHY /A6
Re toration Description
Opportunity
(138
Bank Rest. Bank information for BEHI
Lth.(ft) Opp.
(13

Bank: Height Angle Deg
Protection: Roots _%, Root Depth ft
Vegetation %
*Material: Silt/Clay Sand / Gravel Cobble-%____
Bank: Height ft, Angle Deg
Protection: Roots _%, Root Depth ft
Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %
Bank: Height Angle Deg
Protection: Raoots _%, Root Depth ft
Vegetation %
“Material: SilyClay Sand / Gravel Cobble - %
Bank: Height Angle Deg
Protection: Roots _%, Root Depth ft
Vegetation %
*Material: Silt/Clay Sand / Gravel Cobble - %
Bank: Height ft, Angle Deg
Protection: Roots _%, Root Depth ft
Vegetation %

‘Material: SiltVClay Sand / Gravel Cobble - %

lities in channel(UT), Stream

3 Restoration Potential: 1=minimal, 2=moderate, 3=high
“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %.

“Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)

Page 2 of 3
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Cont.

/Z_ STREAM 124g -
Whive Onk.  r 1w 515
OTHERI v
Flood Plain Dynamics
Connection: [JPoor [JFair ‘4] Good Vegetation: X Shrub/Sap [ Tall grasses [ Turf/crops
Habitat: O Poor [1Fair 4 Good Encroachm or [JFair Good
P (a 1) Su | plankton ndance:
F : Spa ] Mode Abundant X basically )
P Spa (] Mode Abundant [] Moderate (water slightly green tinted)
F Spa ] Mode [1 Abundant [] Abundant (water appears green)
Aquatic Plants In Stream:
S ed: None [] Sparse [ Moderate [] Abundant
E t: None [] Sparse Moderate [ Abundant
F I None [ Sparse Moderate [] Abundant
Aquatic Life Observed: Wildlife/Livestock In or Around Stream (evidence of):
[Fish [OSnails [Crawfish [JMacroinvertebrates [Cattle BdBeaver BDeer
pacts: (circle impact level 1=minor, 2=moderate, , and tag with a GPS waypoint(s) (Wpt) ID)
[JOutfalis(OT): 1 2 3 Wpt [OJimpacted Buffers(IB): 1 2 3 Wpt
[JStream Crossing(SC): 1 2 3 Wpt OTrash(TR): 1 2 3
[(JBank Erasion(ER): 1 2 3 Wpt Butilities(UT) 2 3
OcChannel Modification(CM) : 1 2 3 Wpt 1 2 3 Wpt
Notes:

if any of these impacts are significant use back of page 1 (pg. 2) for detailed description.
Channel Dynamics:

[ Incised (degrading) (O Channelized (J Bed Scour MSediment Deposition
(1 widening [ Aggrading (1 Bank Failure ] Culvert Scour (upstream / downstream / top)
Headcutting [J Bank scour [ Slope failure [ None (natural stabile channel)
c
Wetted ) Riffle/Run
TOBW Pool Depth

Rt Bank: Angle

RtBank ion n cover
RtBank Ha (circle one)
Length Rt Bank Affected:
Wpt(s):
Good: Open area in public ownership Falr: Forested or developed near Difficult: Must cross wetland, steep slope, heavy forest or
Easy stream channel by vehicle  stream. Vehicle access limited sensitive areas to get to stream. Access by foot/ATV only.
5 4 3 2 1
Notes: (biggest problem(s) you see in survey reach) Restoration Potential:
Sediment ahogy Y eovi Ml y by VML RES & [(Riparian reforestation [JBank stabilization
o DR ATRAPEAN [Ostormwater retrofit  [JOutfall stabilization
. [CIChannel modification [JPS investigation
[ Culvert rehab. (] Other

NA

Place sketch of reach on back of page.

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1.4 October 2011






Unified Stream Assessment

EACH ID: STREAM DATE/TIME: | o - INITIALS:
j(a\f(L bsur{)e,\ VISR 1z SA W JJNFE
REACH START REACH END '
LAT: LAT:
LONG: LONG:

Rain in past 72-h:y /n  Weather — Current conditions
[JHeavy rain []Steady rain [[]Showers [RClear/sunny [JHeavy rain []Steady rain []Showers [X|Clear/sunny

[CIMostly cloudy [Partly cloudy [IMostly cloudy [“1Partly cloudy

Stream Classification

[1 Perennial [X] Intermitte ral [] (1 Spring-fed Beéf Mixture of origins [] Glacial

[] Coldwater [[] Coolwater er Ord (1 Montane (non-glacial) [] Swamp/bog [[] Other,

Flow: [ High (] Moderate [X Low [] None \)QQ@( Lo

Base Flow as %Channel Width: []0-25% ESO-?S% [(J25-50% PXJ75-100% Flows Measured: Yes

L] Gradient: (=2 i) [ Moderate (10-24 ft/mi) P<I Low (<10 ft/mi) ~Slope ft/mi
S ity: [J Hig era Low

System: Step/Pool - Riffle/Pool - Pool (circle)
O Riffle__© % [ Run_S0 % BPool 5O % [steps O %

ds MLeaf Packs
[CDeposition [CJUndercut Bank
[JAquatic Plants ‘R[Overhanging Vegetation
Habitat Quality: [1Poor [JFair [(JGood [] Optimal

Land use

[] Forest % [] Pasture % [JUrban ____ % [ Industrial Storm Water

[] Commercial %[ JRowCrops____ % [J Urban/Sub-Urban Storm Water ] Row crops
[0 Hay___ % [ Industrial % (] Sub-Urban____ % [] Cattle [] Other [J No evidence

Vegetation Type: [X] Forest 5 % P4 Shrub/Sapling 20 % IX| Herbs/Grasses \t> % K] Turf/Crops CDO’/o

Riparian Width: []<10ft 1125 []126-501t >50ft

[COmostly shaded (275% coverage) artially shaded (=25% coverage)

[JHalfway shaded (250% coverage) [ClUnshared (<25% coverage)

Odors Noted: Water Surface Appearance:
Normal/None [] Sewage [] Anaerobic (] slick (] Sheen (] Globs
Petroleum [] Chemical [] Fishy [] Other ] Flecks (1 None B4 v

WP \Qg

Turbidity/Water Clarity:

X Clear ] slightly turbid ] Turbid

[J Opaque [] Stained O

Sediment Deposits: [] None P Sludge []sawdust []Oils [] Sand [ Relict shells

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011



USA Reach | Data Detail Sheet nal

Reach  Stream: Date: Initials:
SN ]
Impact Coordinates Severity Restoration Description
1.D.} (Lat/ Long) or (1-3) Opportunity
Waypolnt (1-3P
L
S i A 3
BEHI Coordin tes Bank Bank Rest. Bank information for BEHI
I.D. (Lat/Long) or Erosion Lth.(it) Opp.
Waypoint Hazard (1-3)
ER - L M Bank: Height __ 7] ft, Angle
[l VH Protection %, Root Depth v
(circle one) Vegetatio %
‘Material: Sand / Gravel Cobble - %
ER -1 L M H Bank: Height 5 ft, Angle Deg
- VH EX P %, Root Depth __ |
(circle one) \YJ
*Material: SilFCTay) Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
4Material: Silt/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
*Material: Silt’/Clay Sand / Gravel Cobble - %_____
Impacts:  utfall(OT), Bank Erosion(ER), Impacted IB), Utilities in , Stream crossing(SC), Channel
ion(CM), n stream other
2 1=minor, erate, 3= re

3 Restoration Potential: 1=minimal, 2=moderate, 3=high
“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %.

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011



'

Cont.

REACH.ID: STREAM: DA E: (1@ INI
N o e —_ =
(:lo\fltm; el (2 AR / JNF
OTHER INFO:
F Plain su Po0r (I wach oue
C ction: (] Good Vegetation: [] Forest P{ Shrub/Sapling all grasses 4 Turf/crops
Habitat: ] Poor Fair [ Good Encroachment: Y Poor [JFar [JG

(a ) Su ( nkton dance:

: Sparse [] Moderate [] Abundant o] sically

Sparse [] Moderate [ Abundant {1 Moderate (water slightly graen tinted)
Sparse [] Moderate [] Abundant [J Abundant (water appears green)

A Plan m:
S ed: [J Sparse [ Moderate [] Abundant
E gentt [JNone [JSparse B{JModerate []Abundant NOWE i UP DOt 0§ Sivec v ((0“‘(,';
F ng: X'None [JSparse []Moderate []Abundant ’
tic Life Observed: None in B0y POl N Wildlife/L Inor n a
h Snails wfish roin Ocattle r d e
AS¢u - —
level 1=minor, 2=moderate, 3=major, and tag with a GPS way D)
JX'Impacted Buffers(IB): 1 2@
rash 1 2 3 wpt
Wpt___ tite  : 13 wpt____
2 @Wpt 1 2 3 Wpt
Notes:

If any of these impacts are significant use back of page 1 (pg 2) for detailed description.
Channel Dynamics

Incised (degrading) [XT channelized [] Bed Scour Sediment Deposition
Widening (] Aggrading [1 Bank Failure Culvert Scour (upstream / downstream / top)
Headcutting K[ Bank scour [1 Slope failure ] None (natural stabile channel)
c
Wetted W ) Riffle/Run
TOB Widt Pool Depth

% cover
M H VH EX (circle one)
Length Rt Bank Affected =5
Wpt(s): Whpt(s):

Good: Open area in public ownership. Fair: Forested or developed near  Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel by vehicle  stream. Vehicle access limited. sensitive areas to get to stream. Access by foot/ATV only.
5 4 3 2 1
Notes: (biggest problem(s) you see in survey reach) Restoration Potential:
Chonnidh 1ot on , wneere Channgl A Spger XRiparian reforestation [JBank stabilization
26w ’ \ E @Stormwater retrofit  X]Outfall stabilization
[dChannel modification [JPS investigation
[ Culvert rehab. 1 Other

Place skatch of reach on back of page.

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1.4 October 2011






Unified Stream Assessment USA

R'jACH ID: STREAM: D T7/TIME: INITIALS:
(-0 Phe e (}etk zZlziy 14,00  StumnlzDuy
REACH START | \{ ~ hi¥ = REACH END '

LAT: 2| LAT: oY

LONG: .97 .22\ LONG: _ 97, 23537 9

Average Condifi
Rain in past 72-h: y /@i Weather — Current conditions
E(H@VY rain (]Steady rain [_]Showers []Clear/sunny [JHeavy rain [ ]Steady rain [_JShowers [ |Clear/sunny

Mostly cloudy [_]Partly cloudy [[IMostly cloudy artly cloudy
ittent (] Ephemeral [] Tidal ture of origins [ ] Glacial

] Coldwater [] Coolwater [_] Warmwater Order ] Montane (non-glacial) [ ] Swamp/bog [_] Other
Hydrology
Flow: [ ] High  Moderate [] Low [ ] None
Base Flow as %Channel Width: 75% [125-50%  75-100% Flows Measured: Yes (N
Stream Gradient: [ ] oderate (10-24 f/mi) [] Low (<10 ft/mi) ~Slope: ft/mi
Sinuosity: [] High [] 1,02~

System: Step/Pool - W - Pool (circle)

CIrifie /0 % C1RunZ.S % O Pool (QE % [] Steps % <o Lo

Dominant Substrate g ClLeaf Pack
[Isilt/clay (fime or slick) Efébble (2.5-10") » s ear Facks
[Jsand (gritty) CIBoulder (>10°) [(Deposition [JUndercut Bank
[UGravel (0.1-2.5") [JBed Rock .
gc Al/’n //\
[t pos/
% [] Pasture Vi é % (] Urban % [ Industrial Storm Water
] Commercial % ] Row Crops % M;n/Sub—Urban Storm Water ] Row crops

[1Hay < % [ Industrial % [ Sub-Urban /D % lﬂféttle Other [J No evidence

Vegetation Type Forest (Qé % [_] Shrub/Sapling 5 % [] Herbs/Grasses '5'/% (] Turf/Crops %
R n Width: [J<10 ft 11-25f  []26-50 ft [I>50ft

Mostly shaded (275% coverage) CPartially shaded (225% coverage)
[JHalfway shaded (250% coverage) JUnshared (<25% coverage)
Odprs Noted: Water Surface Appearance:
Normal/None [] Sewage [] Anaerobic ] Slick %@een [] Globs
(] Petroleum [] Chemical [] Fishy [] Other [] Flecks None Other
Turbidity/Water Clarity:
[ Clear Slightly turbid ] Turbid
] Opaque [ stained [ Other
Sediment Deposits: [ ] None [] Sludge [JSawdust []Oils Sand [] Relict shells

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011



USA Reach | Data Detail Sheet
Reach ID/Stream:

H T Uenrn (e /17

Impact Coordinates Severity Restoration Description
LD (Lat/ Long) or (1-3)? Opportunity
Wavpoint (1-3)° )
- WP =P ( B 7 some Seve byt besui/y orape,
Ee \ 75 / ﬂ w/ rocK \7‘”"‘""“{'
~ VB

WP Ho0 / Dis/ po 1@
A g0l oL/
TR\ WP S0 ) =z Loitls oy 0 L8

br;
SN () oWt g
S ,
fQ\L / / <6 Coyp e (/(,.///&OF
¢ O
ﬂ’) N %O(ﬂ S (607 / Z . « 1 G « A, o er
' PLerf SO
. Li"l rland & O\/‘f\ S
BEHI Coordinates Bank Bank Rest. Bank information for BEHI
I.D. (Lat/Long) or Erosion Lth.(ft) Opp.
Waypoint Hazard (1-3)
ER-\ ‘79% -0 LM H / Bank: Height Angle
H EX Protection: %, Root
- (circle one) Vegetation %
s : “Material Sand / Gravel %ZS
ER-L 10D 3 vV M H Bank: Height , A
(80 ~ VO VH EX / Protection: R %,
[ (circle one) Vegetation
“Material: / Gravel - ©2
ERS P _ CI# M H ¢ Bank: Heig , A
v/ %O[, g07 H EX ° ) a Protection: %,
Ly (circle one) L’ Vegetation
/00 Lk “Material: / Gravel Cobble - %
ER L M H Bank: Height — ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clav Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %

“Material: Silt’/Clay Sand / Gravel Cobble - %

Impacts: Outfall(OT), Bank Erosion(ER), Impacted buffer(IB), Utilities in channel(UT), Stream crossing(SC), Channel
modification(CM), Trash in stream(TR), other.

2 Severity: 1=minor, 2=moderate, 3=severe

3 Restoration Potential: 1=minimal, 2=moderate, 3=high

“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011
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U Cont.

REACH ID: STREAM: DATE/TIME: INITIALS:

HC-L Uarn Creok T AL ol 10))
OTHER INFO: v - 1 v - )

Flood Plain Dyn s l{ D/ 6
Connection: [] Fair Vegetation: [YForest apling [] Tall grasses [] Turficrops
Habitat: O Poor [ Fair Encroachment: [] Poor [ Good
Algae ( plankton ndance:
(] Abundant iceable basically )

Moderate [ ] Abundant [] Moderate (water slightly green tinted)
Moderate [ ] Abundant [J Abundant (water appears green)

Plan m:
ed: [] Sparse Moderate [] Abundant
t: [] Sparse Moderate [] Abundant
(] Sparse [ Moderate [] Abundant
uatic Life rved: kin or Stream (evidence of):
Fish [1S [JCrawfish Macroinvertebrates r
Reach Impacts: (circle impact level 1=minor, 2=moderate
3
C:. 2 3 Wpt_ sy | gf’vtb
W2 3 wpt
[JChannel Modification(CM) : 1 2 3 Wpt

Notes:

If any of these inhpacts are significant use back of page 1 (pg 2) for detailed description.
Channel Dynamics:

[J Incised (degrading) (] Channelized (] Bed Scour (] Sediment Deposition

(] widening [1 Aaggra [ Bank Failure (] Culvert Scour (upstream / downstream / top)

[ Headcutting Bank r [ Slope failure [1 None (natural stabile channel)

o
Wetted Width Riffle/Run «iky
TOB Width: Pool Depth
IS ity < )
A Ll gb Rt Bank: Angle Z’[ S degrees

LtBank V ion protection % cover RtBank % cover

LtBank E Hazard: @ EX (circle one) RtBank EX (circle one)

Length Lt Bank b Length

Wpt(s) Whpt(s) “

Reach

Good: Open area in public ownership. Fair: Forested or developed near Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel access by vehicle  stream Vehicle-agcess limited sensitive areas to get to stream Access by foot/ATV only

5 4 3 2 1
(bi t m(s) you see in reach) -

atio :
C[ 0~ 40 l\OL iy 5 rian n @‘{ank stabilization

[JStormwater retrofit  [JOutfall stabilization

Cy~t O-ofips /»;,,L ) /L\g“/w Groanpy (JChannel modification [JPS investigation
' I | , (0 Culvert rehab [ Other

g O‘['JN Oty Lz; INCoed

£ L. [ZN

P o1 back of page.

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1.4 October 2011



Unified Stream Assessment US

TjACH ID: STREAM

C-Z “'\wsnz [;HK

START )
LAT: %v \
LoNG: 57 . £217

LAT

Average Conditl
Rain in past 72-h: y /0>

INITIALS:

D/AT7HIME:
Zleily 79,00  “YemalZDu)

END

U

LoNG: 92,3557 7

I%ye(avy rain [(]Steady rain [ ]Showers []Clear/sunny [ JHeavy rain []Steady rain []Showers [_]Clear/sunny

Mostly cloudy [_JPartly cloudy

ittent (] Ephemeral [] Tidal

[IMostly cloudy [ JPartly cloudy

ture of origins [] Glacial

] Coldwater [] Coolwater [_] Warmwater Order ] Montane (non-glacial) [] Swamp/bog [] Other

Hydrology

Flow: (] High  Moderate [] Low [] None Z/
[25-50% P175-100% Flows Measured: Yes (N9
0-24 fY/mi) [ Low (<10 ft/mi) ~Slope: ft/mi
System: Step/Pool - - Pool (circle)
L1 Riffle /D % ] Run 2 , S % [ Pool % [] Steps %
Dominant Substrate ' i
[Isilt/clay (fime or slick) mc/obme (2.5-10") g\[')vo‘detPeb"s Cund Wa:’SB " [Leaf Packs
: » eposition ercu a
Elzand (|ggtt1y)2 5 Sgoglger §(>10 ) OAquatic Plants  [JOverh tation
ravel (0.1-2 5") ed roc ‘ Habitat Poor lEﬁgiirl [ Optima
[ s pes/
% [] Pasture /é % [] Urban %
(] Commercial % [] Row Crops % ] Row crops

O Hay < % [ Industrial

% [] Sub-Urban /D %

(] No evidence

Vegetation Type: IE/Forest (o) % [ Shrub/Sapling 5 % [] Herbs/Grasses S % {1 Turf/Crops %

Ri width [J<10ft 1125  []26-50 ft

[(]>50ft

) [JPartially shaded (225% coverage)

[(JHalfway shaded (250% coverage)

Odprs Noted:
Normal/None [] Sewage [_] Anaerobic
(] Petroleum [] Chemical []Fishy [] Other

Turbidity/Water Clarity:
[] Clear Slightly turbid
(] Opaque [] Stained

Sediment Deposits: [ ] None [] Sludge

[] Sawdust

OUnshared (<25% coverage)

Water Surface Appearance:

[ slick Ilgﬁeen ] Globs
[] Flecks None Other
] Turbid

Other
] Qils Sand [] Relict shells

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)

Page 1 of 3
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USA Reach im Data Detail Sheet

Reach ID/Stream: Dat )
HO~ T Henon Crcak Tiz1/17 (201~
Impact Coordinates Severity Restoration Description
1.D.} (Lat/ Long) or (1-3)? Opportunity
Wavpoint (1-3)%
v 7};"_‘[/‘),’7)7 ( 5 - SponL J_C,v(/’ BDead L«é-’fujl::) SF Ao e,
£e-| (M; S U / F o] ro K e v
~ “

WP 90D | Dis/. porselin€
w4 Jot koL
TR | WP S0 ) =z Loitls oy o~ L8

Focd bHr
s w° 90 1 s ridy e
ALS A
fQ~L / / <5 ? Ep o r e/u//ao/’
o~ 7 oC
?—/5 b\/}@ %Ow ,) (6’07 ) Z/ ,\7(» 0 Lo tFT ik A, e
A mi»w Loell =
Y. -+ betrmrr SE o
Vv Lirt rind = ’0\/4/\ S
BEHI Coordinates Bank Bank Rest. Bank information for BEHI
I.D. (Lat/Long) or Erosion Lth. (ft) Opp.
Waypoint Hazard (1-3)°
ER\ 794 -7} ) LM H 1 Bank: Height ft, Angle
% ) H EX ﬂ / Protection %, Root
- {circle one) Vegetation %
L - ka’L’Q'L “Material: Sand / Gravel @%Z(
ER-L 15403 vV M H Bank: Height . Angle
E (80 %VO VH EX / Protection: R %, Root
£ (circle one) Vegetation
314} 4Material: / Gravel Cdbble - % &2
ERS P L/M H —¢ Bank: Heig , Angle
LW g0( - 97 LJH EX 20, 7 Protection: %, Root
L 6 (circle one) L’ Vegetation
/Aﬁﬂ// “Material: / Gravel Cobble - %
ER L M H Bank: Height — ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clav Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle
VH EX Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %
Impacts: Outfall(OT), Ba ion(ER), Impacted buffer(IB), Utilities in channel(UT), Stream crossing(SC), Channel

modification(CM), Trash in stream(TR), other
2 Severity: 1=minor, 2=moderate, 3=severe
3 Restoration Potential: 1=minimal, 2=moderate, 3=high
‘Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011
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USA Cont.

REA ngl:_/ STREAM DA EIT?ME: INITIALS:
H(- H.nf(/\ (\f@pk T Avalix; ""T/A/»/’L/)x)
OTHER INFO v - !

Flood Plain Dynamics

Connection: [] Poor Fair [] Bood Vegetatio Slgy/Sapling (1 Tall grasses {] Turf/crops
Habitat: (] Poor Fair Good Encroachment: (] Poor Fair [] Good
(a Algae (phytoplankton) abundance:
: e [Moderate [] Abundant iceable (water basically clear)
e Moderate [] Abundant (0 Moderate (water slightly green tinted)

e []Moderate [] Abundant [J Abundant (water appears green)

Sparse [ ] Moderate Abundant
Sparse  [] Moderate Abundant
Sparse [] Moderate [] Abundant

/

uatic Life Observed: L In or Afound Stream (evidence of)
Fish [Snails []Crawfish [‘]JMacroinvertebrates r eer
Reach Impacts: (circle impact level 1=minor, 2=moder
1 2 3 Wpt
ng(SC): 2 3 Wpt_suyr gpvJZJ
ER): O 2 3 wpt
[IChannel Modification(CM) : 1 2 3 Wpt
Notes:
If any of these iMipacts are significant use back of page 1 (pg. 2) for detailed description
Channel Dynamics:
Incised (degrading) [] Channelized [] Bed Scour (] Sediment Deposition
Widening {7 Aggrading [ Bank Failure (] Culvert Scour (upstream / downstream / top)
[] Headcutting Bank scour (1 Slope failure [] None (natural stabile channel)
ing downstream): ~ g A,
&y
Bankfull Depth 2.5 (ft)  Wetted Width Riffle/Run Depth___ /0 (ft) J ‘&
Bankfull Width _9 4} (f) TOB Pool Depth _> 1 <5~ (ft)
Channel Stability: < 7 )
Lt Bank: Angle L[ gv Rt Bank: Angle H S degrees
LtBank Vegetation protection % cover RtBank &) > % cover
LtBank Erosion Hazard: (L EX (circle one) RtBank M H }r(H EX (circle one)
Length Lt Bank Length +
Wpt(s) ) Whpt(s):

Good: Open area in public ownership. Fair: Forested or developed near Difficult: Must cross wetland, steep slope, heavy forest or
Easy stream channel access by vehicle  stream Vehicle-agcess limited sensitive areas to get to stream Access by foot/ATV only

5 4 3 2 1

Notes: (biggest problem(s) you see in syrvey reach) — REerstératio H
Lﬁ&‘f E)C b L C[ o~ J\r 9 L-, L\OL ) _\j Riparian n IZénk stabilization

[JStormwater retrofit  []Outfall stabilization

v G o ps [CJChannel modification [JPS investigation
N} ( , [] Culvert rehab. [] Other
o proe-ty Lo INCrecd

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1 4 October 2011



Unified Stream ment U

E INITIALS
R END
LAT f
LONG: — 97 2§ 4795 LONG: 97 35 8<R
Rain in past 72-h: y u
rain [ ]Steady rain [ JShowers [ ]Clear/sun rain []Steady rain [ ]Showers [_]Clear/sunny
cloudy [JPartly cloudy cloudy [JPartly cloudy
ntermittent [_] Ephemeral [ ] Tidal ixture of origins [] Glacial
(] Coldwater [[] Coolwater [] Warmwater Order (] Montane (non-glacial) [] Swamp/bog [] Other
igh (] Moderate E]/Low (] None
h: [J0-25% [150-75% [ 125-50% 00% Flows Measured: Yes /@
5ft/mi Moderate 10-24 ft/mi Low < O ft/mi ~Slope: ft/mi
te (] Low
System: Step/Pool - Riffle/Pool rcle)
O] Riffle % []Run 5 % []Poo [] Steps %
. ) " i Packs
ltclay (fine or slick)  [JCobble (2.5-10") Debris Wads
: ” [JDeposition [Jundercut Bank
%?:nd (|ggtt1y)2 5 Egoglger E(>10 ) [JAquatic Plants  []Overhan tation
ravel (0.1-2.57) ed Roc Habitat Poor [JFair ] Optimal
Land use
=g
[] Forest Pasture _~ % [ ] Urban %
] Commercial % [] Row Crops % ' [] Row crops
(] Hay % [] Industrial % [] Sub-Urbar‘Q_% 1 No evidence
Vegetation Type: [Z']/Forestgb %  Shrub/Sapli % Emerbs/GrassesS % [] Turf/Crops %

width: [J<10ft  [J11-25f []26-50 ft Y5 50 ft

shaded (=75% coverage) [CPartially shaded (225% coverage)

[JHalfway shaded (250% coverage) (JUnshared (<25% coverage)
Odgrs Noted: Water Surface Appearance

Normal/None [] Sewage [ ] Anaerobic ] slick l%}ﬁeen [] Giobs
[] Petroleum [] Chemical [] Fishy [] Other [] Flecks None [] Other
Turbidity/Water Clarity: Iz]/
[1Clear Slightly turbid (] Turbid
[] Opaque (] Stained ] Other
Sediment Deposits: [ ] None [] Sludge [] sawdust [] Oils [] Sand [ Relict shells H’

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schulter, 2004)
Page 1 of 3 V 1 4 October 2011



USA Reach Im ct Data Detail Sheet

Reach |D/Stream: . D Initials:
M - /Uﬂ i o Cree K z Lo
impact Coordinates Severity Restoration Description
I.D.! (Lat/ Long) or (1-3)? Opportunity
Wavpoint (1-3) :
PPTRI g Wb et L
TE - l See P! Is )(

5 P75 A h
e ¥ Iz
S‘Lc(‘io b"“k\ W/Q"“‘f u«\ﬁ/Q’" (f//i‘//

Ha o 73 / /
ALY (Y S YV
pq T ) R At SR
s oot s bof
Ihas 05T Sowne A o
BEHI Coordinates Bank Bank Rest. Bank information for BEHI
1.D. (Lat/ Long) or Erosion Lth. (ft) Opp.
Waypoint \Hazard (1-3)°
ER~| 9P 79{1 WM
H /
/4 7§ (circle one) 7 Y,
2
ER-C (/\) LM H , ,S% Bank: . Angle _7<"  Deg
L5 VH EX : ! Protection: %, Root Depth == ft
Ejf (circle one) f [ or Vegetation %
NS L{ y Sand / Gravel Cobble-% >
ER = L M H Bank: Height”  ft, Angle
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
*Material: Silt/Clay Sand / Gravel Cobble-%
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
“Material Silt/Clay Sand / Gravel Cobble-%
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
“Material. Si/Clay Sand / Gravel Cobble - %___
Impacts: Outfall(OT), Erosion(ER), Impacted B), Utilities in channel(UT), Stream crossing(SC), Channel

ion(CM), Trash in stream(TR), other
2 1=minor, 2=moderate, 3=severe
3 Restoration Potential: 1=minimal, 2=moderate, 3= =high
“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011



USA Cont.

REACH ID ‘ DATE/TIME:
N\ Cree K 7151119
INFO

Flood Plain Dynamics

O Fair Eéood

oo

Vegetation: IZﬁ:orest (] Shrub/Sapling [] Tall grasses [] Turficrops

Connection: [] Poor
Habitat: O Poor [1Fair []Good Encroachment: [ Poor [] Fair [ Good
Suspended Algae (phytoplankton) abundance:
[J Moderate [ Abundant ] None noticeable (water basically clear)
[d Moderate [ Abundant ] Moderate (water slightly green tinted)
Moderate [] Abundant 1 Abundant (water appears green)
A lant am:
S d: O Sparse [ Moderate  [] Abundant
E parse [ ]Moderate [ Abundant ~cS5S
Floating: [(ONone []Sparse []Moderate []Abundant
~ Life Observed In or Stream (evidence of)
ish Snails sh Ocattle r
pact level 1=minor, 2=moderate tag with a GPS waypoint(s) (Wpt) ID)
[CIOutfaills(OT): 1 2 3 Wpt uffers(IB) 2 3
[IStream Crossing(SC): 1 2 3 1 3 Wpt.Le€  Lape~
ank Erosion(ER) : 2 3 W r@fw (CJutilities(UT): 1 2 3 wpt
[IChannel Modification(CM): 1 2 3 Wpt_ [CJother 1 2 3 Wpt

few.'méwgg Alied velicle wse elos oeer in L

these impacts arexsignificant use back of page 1 (pg. 2) for detailed description A L

Channel Dynamics
[] Incised (degrading) (] Bed Scour
l:l

[[] Bank Failure

(] Channelized
(] Aggrading

Sediment Deposition

9 /.

Culvert Scour (upstream / downstream / top)

ng 9\ -:,LY lZf Bank scour [ Slope failure None (natural stabile channel)
Wetted Width Riffle/Run
TOB Width Pool Depth

Channel stabﬂl% <
Lt Bank: Angle ¥ =~

LtBank Vegetation
LtBank Erosion Hazard:
Length Lt Bank

Wpt(s)

Rt Bank: Angle ‘1
RtBank Vegetation protection
RtBank Erosion Hazard

Length Rt Bank

de%}'ees
: 0 % cover

H VH EX

one)
- vl

Forested or developed near
Vehicle access limited

3 2 1
’[/ Restoration Potential:

Good: Open area in public ownership
Easy stream channel access by vehicle

Notes (biggest problem(s) yI see In survey reach)

Fmc
e bﬁc NP b y e uﬂ/\)/\,\ &1 [CJStormwater retrofit
o C/ _(
OHY wse
back of

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3

M H VH EX (circle one)

Difficult: Must cross wetland, steep slope, heavy forest or
sensitive areas to get to stream Access by foot/ATV only

{JRiparian reforestation [_]Bank stabilization
[]Ouitfall stabilization

V 1.4 October 2011






Unified Stream Assessment

REACH ID STREAM:

uc - ( A Cfee /’(
REACH START /A)I-D ’/ LAV, -/

LAT: 7 LAT

LONG: -91, 2" Z I/‘

- Rain in past 72-h: y /(n ,
rain []Showers []Clear/sunny [JHeavy rain [ |Stea

[JHeavy rain

l:lMosycloudy y cloudy

ntermittent (] Ephemeral [] Tidal
Coldwater [ ] Coolwater [_] Warmwater Order.
Hydrology

Flow: [] High [] Moderate  Low [_] None

ol ¥ Izl

END 7

LONG: /“9Z'< (0 ollz

'check applicable

rain [_JShowers [_]Clear/sunny

CIMostly cloudy [LAPartly cloudy
Stream Origin
(] Spring-fed of origins [] Glacial

] Montane (non-glacial) (] Swamp/bog [] Other

Base Flow as (125-50% Flows Measured: Yes
Stream Gradient: [] 0-24 (<10 ~Slope f/mi
Sinuos H h  Moderate [] Low Z
System: Step/Pool - Riffle/Pool -
Run g % [ Pool 9 N % [] Steps %
[JCobble (2.5-10") Debris Wads [ClLeaf Packs
PP [Deposition Bank
Sgoglger 5:1 o) OAguatic Plants  [JOverhanging Vegetation
ed Roc Habitat Quality: [JPoor [JFair [JGood [] Optimal

Land use
O Forest7§ % [] Pasture ) S/ % [] Urban % Storm Water
] Commercial % (] Row Crops % b-Urban Storm Water ~ [_] Row crops

[ Hay % [] Industrial % (] Sub-Urban /D % [

] No evidence
s

4 lOther

Vg L /AO?L

4 Forest%S % [] Shrub/Sapling Z_I) % [] Hefbs/Grasses S % [] Turf/Crops %

width: []<10 ft []11-25ft

Mostly shaded (275% coverage)
[JHalfway shaded (250% coverage)

Noted:
Normal/None [] Sewage [ ] Anaerobic
] Petroleum [] Chemical [] Fishy [] Other

Turbidity/Water Clarity
(] Clear Slightly turbid
[] Opaque [] Stained

Sediment Deposits: [ ] None [ Sludge

[]26-50 ft

[] Sawdust

> 50 ft

CPartially shaded (225% coverage)
CJUnshared (<25% coverage)

Water Surface Appearance

(] Slick %/?een (] Globs
] Flecks one ] Other
[] Turbid
] Other
[]oils [ ]Sand (] Relict shells

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)

Page 1 of 3
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USA Reach Im

Reach ID/Stream:

C,“ \ uer\fu\ //(\ck

Impact Coordinates Severity
1.0} (Lat/ Long) or (1-3)2
Waypoint
We7RIK 2
#70L-D He (5
BR-J 7R 2|
LY a7 2

Fps 195= 190 /

BEHI Coordinates Bank
L.D. (Lat/ Long) or Erosion
Waypoint Hazard
ER-| b L M(H
ST WM
L £ {circle one)
[e$) s
RECVPRG Lv&'” E)i:
g6 7§Z_ (circle one)
ERY 943-T9A L M H
VH EX
7AS (circle one)
R IMSTYY L WK
VH EX
L/ﬁ (circle one)
-
ER- < L H
S 79 57()(1 (’éH EX
% (circle one)

Impacts: Outfall(OT), Bank Erosion(ER), Impacted buffer(I1B), Utilities

modification(CM), Trash in stream(TR), other.
2 Severity: 1=minor, 2=moderate, 3=severe

Data Detail Sheet
Date: Initials:
zlz1/15 D r I
Restoration Description
Opportunity
(1-3¥
/Jc?/ —,-g‘/ﬂﬂdf#i/‘,g .‘54/ Leable f rllg%

| 44 —'M(Al Alle OLPRO It urde-c Hi s/c/ew Lokl

RS

;"et{/ AMJ’ ar//w)/‘/( .,.///nu/J Aol (

3401‘,0 /L\r{/ﬁ/((,L ‘ bt Y4

LB - Shep, cntmel coofinyy

—

Bank information for BEHI

[ b A3
| 4o T
Sonmt  crmvrjne
Bank Rest.
Lth.(ft) Opp.
(1-3)°

A1

Bank: H
L b / b Protection:
z Vegetation
7190 (4 ‘Materia
%%, ﬂ' Ik Bank: Haight /»
79 ¢+ It

QUH v
Vegetation Z0O %

Angle
%, Root Depth

/ Gravel Cobble -
ft. Angle
%, Root

/ Gravel

Bank: Height— <~ ft, Angle 15275 Deg
Protection: Roots% 0 %, Root Depth Z < ft

“Material: Silt/Clay Sand / Gravel Cobble - %

3 Restoration Potential: 1=minimal, 2=moderate, 3=high
“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %.

" Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)

Page 2 of 3

m crossing(SC), Channel

V 1.4 October 2011



US Cont.

REACH ID: STREAM: DATE/TIME INITIALS:

Hr-1 Hemrn Ok elz7] 1y Se [z

INFO:

Flood Plain )
Connection: Poor [JFarr [ Gedd Vegetation Forest [ ShrupfSapling [ Tall grasses [] Turf/crops
Habitat: O Poor [ Fair ood Encroachment: [] Poor air [] Good
Periphyton ae): Algae (phytoplankton) abundance:
Filamentous: 1 Moderate [] Abundant None noticeable (water basically clear)
Prostrate: parse [ ]Moderate [] Abundant ] Moderate (water slightly green tinted)
Floating: Sparse [ ] Moderate [] Abundant [ Abundant (water appears green)

Sparse Moderate [ ] Abundant
Sparse Moderate [] Abundant
Sparse [] Moderate [ Abundant

Life Obse Wildl In or dence
OSnails [JCrawfish  Macroinvertebrates Ccattle r r

Impacts: (circle impact level 1=minor, 2=moderate, 3=major, and tag with a GPS waypoint(s) (Wpt) ID)
Cimpacted BUESUB)I 1 2 3 Wpt
2

rash(TR): 3 Wpt
Clutilities(UT): 1 2 3 Wpt
Other 1 2 3 Wpt
If these irﬁpacts are use back of page 1 2) for detailed description
Dynamics:

Incised (degrading) (1 Channelized [J Bed Scour [ Sediment Deposition

Widening [1 Xggrading [ Bank Failure [ Culvert Scour (upstream / downstream / top)

Headcutting Bank scour [ Slope failure [ None (natural stabile channel)
Channel (facing downstream):
Lt bank Ht: (ft) Bankfull Depth (ﬂ (fty Wetted Riffle/Run Depth
Rt bank Ht: Width ) TOB Width Pool Depth
Channel Stabi
Lt Bank: Angle degrees Rt le degrees
LtBank Vegetation protection: Zo % cover Rt ati / g__ % cover
LtBank Erosion Hazard: L M @ VH EX (circle one) RtBank Erosion Hazard: L H VH EX (circle one)
Length Lt Bank Length Rt Bank Affected >
Wpt(s)
Good: Open area in public developed near Difficult: Must cross wetland, steep slope, heavy forest or
Easy stream channel access by limited sensitive areas to get to stream Access by foot/ATV only

5 4 3 2 1

Notes: (biggest problem(s) you see in suW Restoration Potential:

— N¢. Q (/[ / ) [(JRiparian reforestation @{ank stabilization

Ao I / PDO/ 0 P Lo~ [CJStormwater retrofit  [JOutfall stabilization

(s ’\/\()L'L\‘ N l - l/\_f; AS _,wki L= podA [JChannel modification [JPS investigation

L ( ,_9[ ¢ [ Culvert rehab. [] Other
V@"Q’e irJ L— f ~ :J' rrCu( Vg ‘,(@ue/ 3
grosih— CL b coshel ~ Fon ”{N_g L

Place sketch of reach on back of page.

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1 4 October 2011






Unified Stream Assessment

REACH ID: STREAM: DATE/TIME: INITIALS:

Nescbess s | Nhelry A9 TLis/SXFE
REACHEND /' / /

LAT: 31, gxo 89 < LAT: 24 o9 w30

LONG:

“A2..2a< Yol =

Rain in past 72-h. 3/ n
(IHeavy rain [Steady rain [JShowers [_IClear/sunny [JHeavy rain []Steady rain [JShowers []Clear/sunny
[IMostly cloudy [(JPartly cloudy [Mostly cloudy [IPartly cloudy
Stream Classification
[J Perennial B Intermittent [] Ephemeral [] Tidal (] Spring-fed P Mixture of origins [] Glacial
[ Coldwater (] Coolwater [ ] Warmwater Order ] Montane (non-glacial) (] Swamp/bog [] Other.

Flow: [] High [] Moderate T Low [ ] None

Base Flow as %Channel Width: []0-25% [150-75% []25-50% [5475-100% Flows Measured: Yes (o)
Stream Gradient: [ ] High (>25f/mi) [_] Moderate (10-24 f/mi) ] Low (<10 ft/mi) ~Slope: ft/mi
[OH h[JModerate Low
System: Step/Pool Pool (circle)

[ Riffle % Run ¥° % BdPool 2O % [ Steps %
Dominant Substrate _ itats
[4Silticlay (fine or slick) []Cobble (2.5-10") []Woody pebns [JRoot Wads [JLeaf Packs
[Jsand (gritty) CIBoulder (>10) Cloepositon  — IfUndercut Bank
G 1(0.1-2.5" CJBed Rock [CJAquatic Plants  BjOverhanging Vegetation

ravel (0.1-2.5") €d Roc Habitat Quality: IJPoor [IFair [1Good [J Optimal
Land use
K[ Forest 20 _% [ Pasture % [] Urban % B Industrial Storm Water
[J commercial % [] Row Crops % tUrban/Sub-Urban Storm Water  [[] Row crops
] Hay % B Industrial 265 % JZ]/Sub-Urban S0 % [ cattle [] Other O No evidence

Vegetation Type: B Forest 52 % [] Shrub/Sapling % Dd Herbs/Grasses §» % [] Turf/Crops %
Riparian Width: [J<10 ft O11-251% [B&26-50 ft (]>50ft

[IMostly shaded (275% coverage) (CJPartially shaded (225% coverage)

XHalfway shaded (250% coverage) [(CJunshared (<25% coverage)

Odors Noted: Water Surface Appearance:
[XI'Normal/None [] Sewage [ Anaerobic [ Slick [JSheen [ Globs
[ Petroleum [] Chemical [] Fishy [] Other [ Flecks Bd None ] Other
Turbidity/Water Clarity:

B Clear [ slightly turbid ] Turbid

(] Opaque [] Stained 7] Other

Sediment Deposits: [ ] None [ ] Sludge [ sawdust []Oils []Sand [ Relict shells

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011



USA Reach im Data Detail Sheet

Reach ID/Stream: Date: Initials:
Sherbeg | Wleie T
Sevoerity
.D. {Lat/ or (1-3)2
Mr7 o z 3 ew »f LF apic  Ton
B 1430 1433~ 144 2 / Hie w “()7’ e i bl Specc Pon
T V]/'Lj TRt Mina :\Lq,k e,
] -, LA /‘\/‘-% K/
L e MY 3 bevinef o
i 0 "l"./'( c/:l/ /"-l> )
] (L rl/\‘/L\ 7 M o dert fC /t‘f- S ’
- 5 S o V(/{ ( ¢ {lé:\ﬁ/ ’ S 'A\,) /' [{,
fqr T L 5,
S s el cepse -
4
BEHI Coordinates Bank Bank Rest.
1.D. (Lat/ or Erosion Lth. (ft) Opp.
Hazard -3)
ER I8 . L H Bank: Height g0 Deg
3. ¢vogq EX , Protection: %, Root Depth 2.5~ ft
A W 92,3954 ° (circle one) s 3 Vegetation %
4“Material: Sand / Gravel Cobble-%__
ER N L M Bank: Height Angle _ %o  Deg
P oM.807| VH EX o ?> Protection: % Root Depth 3.0 _ft
2 4234805 (circle one) A Vegetation
“Material: Sand Gravel Cobble %
ER .. L M Bank: Angle
SRR ’) VH EX % Protection: % Root Depth
ﬂLG 4734932 (circle one) / t @, Vegetation
4Material: Sand / Gravel Cobble -
ER L M Bank: e Deg
it VH EX Protection: % Root Depth _z.v_ft
(},6 (circle one) 7) Vegetation %
4Material: Si Sand /G Cobble - %
L M H Bank: Height Angle Deg
[13% 7 IHH 0 VH \g_x Protection: Roots %, Root Depth ft
N (circle boe) Vegetation
L6 5 il & “Material: nd / Gravel Cobble - %
Impacts: , Bank Erosion(ER), Impacted buffer(IB), Utilities in channel(UT), Stream crossing(SC), el

modification(CM), Trash in stream(TR), other.
2 Severity: 1=minor, 2=moderate, 3=severe
3 Restoration Potential: 1=minimal, 2=moderate, 3=high
4Bank material: circle base type, sitt/clay or sand and if present circle rock type and note %.

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011



Reach ID/Stream:

DT war i
CTbopt e

Lo binge

USA Reach |

Data Detail Sheet
Date:

7]

ration

Op

M A

ity

RN

Initials

Description

Too ) e ga

/ 7+
/ Lo Lrdy,

Z S‘/" il [ E DRI Fyo Yoe

Tl/o /Lo

el

Y L b & A

Lo



U Cont.

REACH ID: STREAM DATE/TIME: INITIALS:
S ‘/\,&/M‘z | I 1% 11w
OTHER INFO; 7 ! /' /T

Flood Plain Dynamics
Connection: I Poor [JFair [] Good Vegetation: [ Forest [4"Shrub/Sapling all grasses [] Turf/crops
Habitat: 'Poor [JFair [] Good Encroachment: BdPoor [ Fair

Periphyton (attached algae):
Fitamentous: []None [P Sparse [] Moderate [] Abundant
Prostrate: B4 None [ Sparse [ Moderate [] Abundant

Floating: (X None [ Sparse []Moderate [] Abundant
lan eam:
d: e []Sparse [JModerate [} Abundant
E gent  [J]None Sparse [] Moderate [] Abundant
F  ng P None Sparse [] Moderate [] Abundant
Aquatic Life Observed: NJjesrA- Wildlife/Livestock in or Around Stream (evidence of):
OFish [Snails [JCrawfish [JMacroinvertebrates [(OCattle Heaver BdDeer
Reach Impacts: (circle impact level 1=minor, 2=moderate, , and tag with a GPS waypaint(s) (Wpt) ID)
ClOutfalis(OT): 1 2 3 pacted Buffers(IB) 1 2 (3)Wpt
EStream Crossing(SC): 2 3 Wpt ash(TR): 1 @3 Wot
K]Bank Erosion(ER) : 1 3 Wpt BdUtilities(UT): @ 2 3 Wpt
BqChannel @3 wpt [(JOther 1 2 3 wpt
Notes:

If any of these impacts are significant use back of page 1 (pg. 2) for detailed description.

Cha (] Bed Scour
Agg B ® nstream / top)
Ban S
Channel Dimensions (facing downstream)
Lt bank Ht: Bankfull Depth Z,O__ (ft) Wetted Width: /2.5  (fy Riffle/Run Depth__ ¢, 2 (ft)
Rt bank Bankfull Width TOB Width:_2e>. 0 (i) Pool Depth
Channel Stability:
Lt Bank: Angle 20 degrees Rt Bank: Angle _ ¥ o degrees
LtBank V ion ction ver RtBank Vegetation protection < % cover
LtBank E Ha @) (circle one) RtBank Erosion Hazard: L M VH EX (circle one)
Length Lt Bank Affected Length Rt Bank Affected:
Wpt(s):

Good: Open area in public ownership. Fair: Forested or developed near  Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel access by vehicle.  stream, Vehicle access limited. sensitive areas to get to stream. Access by foot/ATV only.
5 4 2 1
Notes: (biggest problem(s) you see in survey reach) Restoration Potential:

[ERiparian reforestation JZBank stabilization
[IStormwater retrofit  [JOutfall stabilization
(JChannel modification [JPS investigation

(A Culvert rehab. %] Other l

Place sketch of reach on back of page.

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1.4 October 2011



Unified Stream Assessment

REACH ID: STREAM DATE/TIME: INITIALS:

Shevier 7. h/i<lif )ies Tl /NSE
REACH START REACHEND '/ " 'f ’
LAT: 2y ¢z Py LAT: 24 149y 5
LONG: —52 ,243.43 LONG: _ ., 149292

Rain in past n  Weather — Current conditions

[JHeavy rain []Steady rain [ ]Showers [ ]Clear/sunny [JHeavy rain []Steady rain []Showers [ IClear/sunny
BdMostly cloudy [Partly cloudy BdMostly cloudy [Partly cloudy

Stream Classification
(1 Perennial K Intermittent [] Ephemeral [] Tidal (] spring-fed BT Mixture of origins [] Glacial
] Coldwater [ ] Coolwater {_] Warmwater Order ] Montane (non-glacial) [ ] Swamp/bog [} Other

Flow: (] High ('Moderate [_] Low [[] None
Base Flow as %Channel Width: [[10-25% [150-75% []25-50% 5<75-100% Flows Measured: Yes /@
Stream Gradient: [ ] High (>25ft/mi) [] Moderate (10-24 ft/mi) Dd'Low (<10 ft/mi) ~Slope: ft/mi

Sinuosity: [ ] High [] Moderate
System: Step/Pool - Riffle/Pool - Pool (circle)

B Riffle S~ % [RIRun 45 % [ Pool 50 % [ Steps %

JKIWoody Debris  [JRoot Wads [OLeaf Packs

ilt’/clay (fine or slick Cobble (2.5-10"
BSi y (f ) O e ) KIDeposition [Jundercut Bank

%Zand (Ig:)ltt1y)2 5 Sgo:l;er f(>10 ) BJAquatic Plants  [JOverhanging Vegetation

ravel (0 1-2.5) ed Roc Habitat Q OFair (JGood [

Land use

] Forest % [] Pasture % [] Urban % [ Industrial Storm Water

[] Commercial % [1 Row Crops % 5 Urban/Sub-Urban Storm Water ~ [] Row crops
[] Hay % [] Industrial % [] Sub-Urban % [ Cattle [] Other 1 No evidence

Vegetation Type: 5 Forest S % [] Shrub/Sapling % I] Herbs/Grasses & % [] Turf/Crops %
Riparian Width: []<10 ft [(O11-25ft DBg26-50ft []>501t

[[IMostly shaded (275% coverage) [Partially shaded (225% coverage)

BdHalfway shaded (250% coverage) [JUnshared (<25% coverage)

Odors Noted: Water Surface Appearance:

1 Normal/None [] Sewage [] Anaerobic (] slick [} sheen ] Globs

[] Petroleum [] Chemical [] Fishy [] Other ] Flecks ] None (] other,

Turbidity/Water Clarity:

K Clear [ siightly turbid (] Turbid

(] Opaque [] Stained O

Sediment Deposits: [ None B Sludge []Sawdust []Oils [] Sand ] Relict shells
<

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011



USA Reach ct Data Detail Sheet

Reach ID/Stream: Date: Initials:
S slnanr 7 e fi T /v~
Impact Coordinates Severity Restoration Description
L.D.! (Lat/Long) or (1-3)2 Opportunity
Wavpoint (1-3)°
dek(/—» Lo L™ Lo asiy
C R 7. \, “ ' TN AA A
‘3 ﬁ HSS HSV\ M) A {ee -
SC uvjuss | M A Pl cronysog
BEHI Coordinates Bank Bank Rest. Bank information for BEHI
I.D. (Lat/ Long) or Erosion Lth.(ft) Opp.
Waypoint Hazard (1-3)?
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Rool Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble-%__
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Rool Depth ft
(circle one) Vegetation %
“Material. Silt’/Clay Sand / Gravei Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
4Material: Silt/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble-%___
Impacts: Outfall(OT), Erosion(ER), Impacted buffer(IB), Utilities in Stream crossing(SC), Channel

modification(CM), Trash in stream(TR), other
2 Severity: 1=minor, 2=moderate, 3=severe
® Restoration Potential: 1=minimal, 2=moderate, 3=high
4Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011



Cont.

REACH ID: STREAM: DATE/TIME: INITIALS:
Sh str 1 2 hilralr 1zes “T7Ls /3
INFO: | ooy !
oolicable)

Flood Plain Dynamics
Connection: []Poor BdFair [] Good Veg n: [ shrub/Sapling [ Tall grasses [] Turf/crops
Habitat: [dPoor []Fair [dGood Enc m or [dFair [JGood
P (a [ Suspended Algae (phytoplankton) abundance:
F : Sparse Moderate [ ] Abundant B None noticeable (water basically clear)
P Sparse Moderate [] Abundant [ Moderate (water slightly green tinted)
F Sparse [] Moderate [ Abundant (] Abundant (water appears green)
Aq Plant m:
Su ed: B Sparse [ Moderate [] Abundant
E gent None []Sparse [ Moderate []Abundant
F  ng: None [JSparse [ Moderate []Abundant

Aquatic Life Observed: Qo t_

[(OFish [OSnails [ICrawfish [IMacroinvertebrates

Wildlife/Livestock In or Around Stream (evidence of):
[OCattle [IBeaver l;]Deer [JOther

Reach Impacts: (circle impact level 1=minor, 2=moderate, 3=major, and tag with a GPS waypoint(s) (Wpt) ID)

[(JOutfalls(OT): 1 2 3

B<Stream Crossing(SC):

[OBank Erosion(ER): 1 2 3 Wpt
[CJchanne! Modification(CM) : 1 2 3 Wpt
Notes:

-~
If any of these impacts are significant

Channel Dynamics:
[ tncised (degrading)
[] Widening

[J Headcutting

Aggrading
Bank scour

Channel Dimensions (facing downstream):

Lt Ht: I
Rt Ht: |

Channel Stability:

Lt Bank: Angle Y
LtBank V  tation
LtBankE onHa
Length Lt Bank Affected:
Whpi(s):

degrees

Good: Open area in public ownership.
Easy stream channel access by vehicle.

5 4

Notes: (biggest problem(s) you see in survey reach)

Place sketch of reach on back of page.

(circle one)

Fair: Forested or developed near
stream. Vehicle access limited.

Bimpacted Buffers(iB): (T) 2 3 Wpt
CTrash(TR): 1 2 3 Wpt

Cutilities(UT): 1 2 3 Wpt
1 2 3 Wpt
LNt
e1(pg. 2)fo
] Bed Scour Sediment Dep

Culvert Scour am / downstream / top)
[J None (natural stabile channel)

[] Bank Failure
[ Slope failure

Wetted ) Riffle/Run Depth__ ©-2 __ (ft)
TOB W Pool Depth 2.2 (ft)
degrees
ver i o % cover

M H VH EX (circle one)
Length Rt Bank Affected:

Difficult: Must cross wetland, steep slope, heavy forest or
sensitive areas to get to stream. Access by foot/ATV only.

3 2 1
Restoration Potential: [~/ ev~_
CIRiparian reforestation []Bank stabilization
[CIStormwater retrofit ~ [[JOutfall stabilization
[JChannel modification [JPS investigation
] Cuivert rehab. (1 Other

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
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Unified Stream Assessment

REACH ID: STREAM DATEITIME: INITIALS:
Renc<r-tn WHALR Jwre
REACH START REACHEND '/ 7/ " 4
LAT: 2 LAT N
. LONG: _ «
Averaae Condl

Rain in past 72-h(§ /n
[JHeavy rain [JSteady rain [JShowers [IClear/sunny [ JHeavy rain [Steady rain [JShowers (JClear/sunny
@Mostly cloudy [ ]Partly cloudy PMostly cloudy []Partly cloudy

[] Perennial [X] Intermittent [ ] Ephemeral [] Tidal [ Spring-fed [T Mixture of origins [] Glacial
(] Coldwater [] Coolwater [] Warmwater Order L] Montane (non-glacial) [] Swamp/bog [] Other

Flow: [] High (] Moderate X Low [ ] None
Base Flow as %Channel Width: [ ]0-25% [ ]50-75% [125-50% X]75-100% Flows Measured: Yes @
Stream Gradient: [ ] High (>25ft/mi) [] Moderate (10-24 f/mi) [X] Low (<10 ft/mi) ~Slope: f/mi
Sinuosity: [ ] High B Moderate [] Low

System: Step/Pool - Riffle/Pool - Pool (circle)

KIRifle_lo % KIRun 3o % KIPool 4o % [ Steps %

K) [JCobble (2.5-10") [(Owoody Debris  [JRoot Wads KlLeaf Packs
. " ep ion BdUndercut

Sgand (lggtt‘]y)?- 5" Ellgoslger 5:10 ) %Equ Plants  [JOverhang egetation

ravel (0.1-2 5") ed koc Habitat Quality: [JPoor Sfair [(JGood [] Optimal
Land use
(] Forest % [] Pasture % [] Urban % [ Industrial Storm Water
[] Commercial % [] Row Crops % &J Urban/Sub-Urban Storm Water ] Row crops
(1 Hay % [J Industrial % [] Sub-Urban % [] Cattle [] Other [J No evidence

Vegetation Type: Kf Forest % [ Shrub/Sapling % P<] Herbs/Grasses % [ ] Turf/Crops %
Riparian Width: [ ]<10 ft (1125 [ 26-50 ft [(1>50ft

XMostly shaded (275% coverage) (JPartially shaded (225% coverage)

[JHalfway shaded (250% coverage) [LlUnshared (<25% coverage)

Odors Noted: Water Surface Appearance:

K] Normal/None [] Sewage [] Anaerobic (1 Slick (] Sheen [] Globs

(] Petroleum [ Chemical [] Fishy [] Other [] Flecks m None Other

Turbidity/Water Clarity:

Xl Clear (] Slightly turbid ] Turbid

[] Opaque [] Stained [] other

Sediment Deposits: [ ] None [ Sludge [ sawdust [ Qils [J Sand ] Relict shells
S

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011



USA Reach Im Data Detail Sheet nal

Reach | jtream:, Date: Initials:
revr e v 22 A lfiahx 1bmo TLL /xSE
Impact Coordinates Severity Restoration Description
L.D.! (Lat/Long) or (1-3)? Opportunity
Wavoolint (1-3»°
w Il‘sl" - %Sg Lo o O
- 1154 - fHe© NG &
e 1y<D Rowd_ wrox “‘*) YA D Ly

S50 / ) A

BEHI Coordinates Bank Bank Rest. Bank informatton for BEHI!
I.D. (Lat/ Long) or Erosion Lth. (ft) Opp.
Waypolnt Hazard (1-3)
ER L H B ;A
s VHWDEX P %,
Pevsg (circle one) / \Y
“Material: Sil/€lay Sand / Gravel Cobble - %____
ER Lo e L M H Bank: Height _x.» ft Angle _go Deg
P g™ VH” EX Protection: Roots_ Lo %, Root Depth _3 ,0 ft
- Yto (circle one) Vegetation
“Material: nd / Gravel Cobble - %
ER L MH Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
4Material: Silt/Clay Sand / Gravel Cobble-%
ER L M H Bank:. Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
4Material: Silt/Clay Sand / Gravel Cobble-%
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %____
Impacts: , Impacted buffer(IB), Utilities in channel(UT), Stream

modification(CM), Trash in stream(TR), other.
2 Severity: 1=minor, 2=moderate, 3=severe
3 Restoration Potential: 1=minimal, 2=moderate, 3=high
“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011



U Cont.

REACH ID: STREAM DATEITIME: INITIALS:
ﬂ//\L < 7C.,/A H« /l‘\j/ff” 144 /<~ WL/J“F
Flood Plain
Connection: (] Fair [ Good Vegetation: Bg'Forest [] Shrub/Sapling  "Tall grasses [] Turf/crops
Habitat: Poor []Fair [&Good Encroachment: [JPoor PJFair [] d

(a ) Suspended Algae (phytoplankton) abundance

: Sparse [ ] Moderate {] Abundant B9 None noticeable (water basically clear)
Sparse [] Moderate [] Abundant (] Moderate {water slightly green tinted)
Sparse [] Moderate [] Abundant [J Abundant (water appears green)

Aquatic Plants In Stream:
Submerged: [X] None []Sparse [ Moderate Abundant
E ent: [] None Sparse [ Moderate Abundant

F g: B'None Sparse [ ] Moderate Abundant
Aquatic Life Observed: Wildlife/Livestock In or Around Stream (evidence of):
LIFish [OSnails [JCrawfish [IMacroinvertebrates Ocattle [1Beaver BdDeer
Reach Impacts: (ci impact level 1=minor, 2=moderate, 3=major, and tag with a GPS waypoint(s) (Wpt) ID)
[OOutfalls(OT): 1 2 3 (Jimpacted Buffers(IB): 1 2 3 Wpt
kdStream OTrash(TR): 1 2 3 Wpt
X]|Bank Erosion(ER) 2 3 Wpt (utilities(UT): 1 2 3 wpt
[JChannel Modification 1 2 3 Wpt [JOther 1 2 3 Wpt
Notes:
If of these impacts are use back of 1 2) for detailed
(] Channelized [] Bed Scour [] Sediment Deposition
(] Aggrading (] Bank Failure [ Culvert Scour (upstream / downstream / top)
£ Bank scour [ Slope failure (] None (natural stabile channel)
Channel Dimensions (facing downstream):
Lt bank Ht: ﬂ, Io) (ft) Bankfull Depth /0 () Wetted Width: Riffle/Run Depth_ & ! (ft)
Rtbank Ht 4, < _ (ft) Bankfull Width 7.«  (ft)) TOB (ft) Pool Depth
Channel Stability:
Lt : le degrees RtBank: Angle _ ) <~ degrees
Lt A ati cover RtBank Vegetation protection /5~ % cover
LtBank Erasion Hazard: L H VH EX (circle one) RtBank Erosion Hazard: L @ H VH EX (circle one)
Length Lt Bank Affected: Length Rt Bank Affected
Wpt(s): Wot(s):

Good: Open area in public ownership Fair: Forested or developed near  Difficult: Must cross wetland, steep slope, heavy forest or

Easy stream channel access by vehicle  stream. Vehicle access limited. sensitive areas to get to stream. Access by foo/ATV only.
4 2 1
Notes: (biggest problem(s) you see in survey reach) Restoration Potential:
URiparian reforestation &,Bank stabilization
5”" Lre CBITE N [CIStormwater retroft  [JOutfall stabilization

[(OChannel modification []PS investigation
[ Culvert rehab. [ Other

Place sketch of

* Modified from Unified Stream Assessment- A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1 4 October 2011



Unified Stream Assessment U

REACH I STREAM: INITIALS
e 12 0

LAT: Ll L—lL LAT %l,ln 8 l 0,1 OZ O
LONG: . 97 2585 9L° LONG: — 97 2§ H L7 2

Rain in past 72-h n ons
[IHeavy rain [Steady rain  Showers []Clear/sunny y O y [Jshowers [_IClear/sunny
[IMostly cloudy [_]Partly cloudy y dy l udy

ittent (] Ephemeral [] Tidal [] Spring-fed  Mixture of origins [] Glacial
[] Coldwater [] Coolwater [} Warmwater Order ] Montane (non-glacial) [ ] Swamp/bog [] Other
igh (] Moderate dLow ] None
Base Flow as %Channel Width: []0-25% [150-75% []25-50% 00% Flows Measured: Yes @
Moderate 0-24 ft/mi) w (<10 f/mi) ~Slope: 5,‘3 ft/mi

System: Step/Pool -

] Riffle % []Run [{2 % [] Pool 20 % [] Steps %

K) [ICobble (2.5-10") Debris  [JRoot Wads [ILeaf Packs

[Jsand (gritty) [Boulder (>10°) Eggszfifg’l‘ams [undercut Bank
[Gravel (0.1-2.5") [1Bed Rock Habitat Quality: [(JPoor [Fair |
Forest E O % [] Pasture % [] Urban % rial Storm Water
(] Commercial % [_] Row Crops % /Sub-Urban Storm Water [ ] Row crops
O Hay % [ Industrial % [ ] Sub-Urban % [ Cattle [] Other '] No evidence

Vegetation Type  Forest % [_] Shrub/Sapling % [[] Herbs/Grasses % [] Turf/Crops %

width: [J< 0ft 1-25f []26-50ft > 50 ft

shaded (275% coverage) []Partially shaded (225% coverage)
[CHalfway shaded (250% coverage) [JUnshared (<25% coverage)

Noted Water Surface Appearance:
Normal/None [ ] Sewage [ ] Anaerobic [ slick %}heen ] Globs

] Petroleum (] Chemical [] Fishy [] ] Flecks None ] Other,
Turbidity/Water Clarity:
O clear ] slightly turbid [ZT/urbid
] Opaque [] stained [ Other
Sediment Deposits: None [ Sludge [l Sawdust [] Qils []Sand ] Relict shells

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 of 3 V 1.4 October 2011



USA Reach Im Data Detail Sheet

Rea  D/Stream Date: / Initials: | .
/’/ Z é) ?, // [ I/ ) ISR A
Impact Coordinates Severity Restoration Description
I.D. (Lat / Long) or (1-3)2 Opportunity
W ypoint (139
\
3\
\
1
BEHI Coordinates Bank Bank Rest. Bank information for BEHI
1.D. (Lat/ Long) or Erosion Lth. (ft) Opp.
Waypoint Hazard (1-3)
ER L M H Bank: Height ' ft, Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
“Material: SiltYClay Sand / Gravel Cobble - %
ER L M H Bank: Height ft. Angle Deg
VH EX Protection: Roots %, Root Depth ft
(circle one) Vegetation %
“Material; Siit/Clay Sand / Grave! Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %___
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
“Material: Siit/Clay Sand / Gravel Cobble - %
ER L M H Bank: Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %

“Material: Silt/Clay Sand / Gravel Cobble - %

[mpacts: Outfall(OT), Bank Erosion(ER), Impacted buffer(IB), Utilities in channel(UT), Stream crossing(SC), Channel
modification(CM), Trash in stream(TR), other.

2 Severity: 1=minor, 2=moderate, 3=severe

3 Restoration Potential: 1=minimal, 2=moderate, 3=high

“Bank material: circle base type, silt/clay or sand and if present circle rock type and note %

* Modified from Unified Stream Assessment: A U§ers Manual, (Kitchall & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011



Cont.
REACH STREAM D IME: INIT

ID: : .
1)0&\ ZL’) l Na o an Beunn 72 2019 < /l,)Ht/7

anolicabl )
Flood Plain Dynamics [{
Connection: [] Poor []Fair Veg n: Shrub/Sapling” (] Tall grasses [] Turffcrops
Habitat: O Poor [ Fair G Enc me O Fair Good
P (a e | Algae abundance:
F : o e (M {71 Abundant noticeable (water basically clear)
P o e (M [1 Abundant [ Moderate (water slightly green tinted)
F ) e (M 1 Abundant [ Abundant (water appears green)
Sparse %Moderate (] Abundant
Sparse Moderate [] Abundant
Sparse [ Moderate [] Abundant
Life Observed: Wi In Stream (evidence of):
[ISnails [JCrawfish ClCattle  Beaver Deer [
Reach Impacts: (circle ID)
s(OT): 1 2 3

m Crossing(SC):
[IBank Erosion(ER) : 1
[JChannel Modification(CM) : 1 2 3 Wpt 1 2 3 Wpt
Notes:

If any of these impacts are significant use back of page 1 (pg. 2) for detailed description
Channel Dynamics:

] Incised (degrading) [] Channelized ] Bed Scour [1 Sediment Deposition
[] Widening [ Aggrading ] Bank Failure ] Gulvert Scour re nstream / top)
[] Headcutting [ Bank scour 1 Siope failure None (natural le
Riffle/Run (
Pool Depth
18
A Rt le
LtBank Vegetation % cover Rt ati % cover
LtBank Erosion Hazard: M H VH EX (circleone) RtBank Erosion Hazard: @ M H EX (circle one)
Length Lt Bank A Length Rt Bank
Wpt(s):
on
Good: Open area in public ownership. Fair: Forested or developed near  Difficult: Must cross wetland, steep slope, heavy forest or
Easy stream channel access by vehicle Vehicle access limited. sensitive areas to get to stream. Access by foot/ATV only.
5 4 3 2 1
Not t)“y ein [+
fZa) n [OBank stabilization
CJStormwater retrofit  []Outfall stabilization

Foom L S0 " ‘J\‘T‘/a [(JIChannel modification 1  inv

oo b Deod Tl - O Culvert rehab. @ her

Aok - SRV, ‘)1 L

-

Place sketch of reach on back of page.

* Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 3 of 3 V 1.4 October 2011






Appendix B
DEQ Data




Summary of Water Quality Data Collected by ADEQ

Average of Result

Count of Result

ARK0162A ARK0162B ARK0162C ARK0162D ARKO0162A ARK0162B ARK0162C ARK0162D
Alkalinity, total (mg/I CaCO3) 11.37 22.89 23.81 85.76 7 20 20 21
Aluminum (ug/1) 135.01 100.53 73.33 75.47 15 18 19 12
Ammonia-nitrogen (mg/I) 0.13 0.18 0.08 0.06 7 17 10 13
Arsenic (ug/) 1.24 1.33 1.36 1.22 6 17 16 17
Barium (ug/l) 17.51 29.03 19.71 71.93 15 21 21 21
Boron (ug/l) 10.89 24.18 17.20 27.17 15 21 21 21
Bromide (mg/l) 0.15 0.11 0.11 2 1 4
Cadmium (ug/l) 0.12 1
Calcium (mg/1) 1.86 6.37 6.73 27.50 15 21 21 21
Chloride (mg/l) 2.28 6.06 8.08 21.28 16 22 22 22
Cobalt (ug/l) 1.29 1.15 1.03 0.52 6 15 11 1
Copper (ug/l) 1.32 2.14 1.40 1.30 13 19 21 20
Dissolved oxygen (DO) (mg/l) 7.07 5.41 5.63 6.85 16 22 22 22
Escherichia coli (cfu/100ml) 336.14 322.14 404.58 342.40 14 16 17 17
Fluoride (mg/I) 0.08 0.11 0.11 0.13 8 16 17 20
Hardness, Ca, Mg (mg/I) 10.37 25.98 31.48 97.21 15 21 21 21
Inorganic nitrogen (nitrate and nitrite) (mg/!) 0.28 0.13 0.10 0.11 7 7 12 13
Iron (ug/l) 518.73 814.55 614.07 439.78 15 20 21 15
Lead (ug/1) 0.52 0.56 0.49 0.42 7 10 6 3
Magnesium (mg/l) 1.37 2.45 3.57 6.92 15 21 21 21
Manganese (ug/l) 319.24 853.70 703.31 211.64 15 21 21 21
Nickel (ug/!) 1.43 1.66 2.59 1.59 15 21 21 21
Orthophosphate (mg/I) 0.02 0.02 0.02 0.02 13 18 18 17
pH (None) 5.43 5.99 6.27 6.80 16 22 22 22
Potassium (mg/l) 1.26 2.32 2.13 2.26 15 21 21 21
Selenium (ug/1) 1.36 1.41 1.42 1 1 1
Silica (mg/I) 6.28 4.86 3.89 6.40 15 21 21 21
Sodium (mg/1) 2.12 5.29 6.52 14.97 15 21 21 21
Sulfate (mg/I) 4.16 6.12 10.77 15.37 16 22 22 22
Temperature, water (deg C) 14.16 15.89 16.74 18.00 16 22 22 22
Total dissolved solids (mg/I) 55.94 72.95 83.86 165.55 16 22 22 22
Total Kjeldahl nitrogen (mg/I) 0.53 0.84 0.66 0.62 16 22 22 22
Total Organic carbon (mg/I) 7.37 10.31 10.27 8.15 16 22 22 22
Total Phosphorus (mg/l) 0.05 0.07 0.06 0.08 16 22 22 22
Total Recoverable Aluminum (ug/l) 566.75 449.64 398.43 447.93 16 22 22 22
Total Recoverable Arsenic (ug/l) 1.55 2.04 1.85 1.73 7 16 16 17
Total Recoverable Barium (ug/l) 23.98 34.80 24.45 78.66 16 22 22 22
Total Recoverable Boron (ug/l) 36.39 44.25 40.69 8 2 10
Total Recoverable Calcium (mg/I) 1.94 6.41 6.82 27.31 16 22 22 22
Total Recoverable Chromium (ug/l) 1.19 1.46 1.20 1.39 4 3 3 4
Total Recoverable Cobalt (ug/l) 1.65 1.52 1.50 6 13 7
Total Recoverable Copper (ug/I) 1.98 3.96 1.72 1.83 10 17 22 19
Total Recoverable Iron (ug/l) 1075.19 2131.59 1322.14 1116.00 16 22 22 22
Total Recoverable Lead (ug/1) 1.87 2.01 1.11 1.49 7 10 7 7




Average of Result

Count of Result

ARKO0162A ARK0162B ARK0162C ARK0162D ARKO0162A ARK0162B ARK0162C ARK0162D
Total Recoverable Magnesium (mg/l) 1.43 2.48 3.64 6.91 16 22 22 22
Total Recoverable Manganese (ug/!) 335.13 924.18 648.83 271.87 16 22 22 22
Total Recoverable Nickel (ug/I) 3.00 2.77 4.11 3.09 2 7 10 5
Total Recoverable Potassium (mg/l) 1.89 2.41 2.17 2.35 21 22 22
Total Recoverable Selenium (ug/l) 13.00 16.40 19.40 16.30 1 1 1
Total Recoverable Silica (mg/1) 6.50 7.09 5.15 9.31 2 2 2
Total Recoverable Sodium (mg/I) 1.95 5.03 6.20 13.88 16 22 22 22
Total Recoverable Vanadium (ug/l) 4.74 4.96 3.41 3.20 1 1 1 2
Total Recoverable Zinc (ug/1) 7.65 7.59 8.87 6.72 12 21 22 18
Total suspended solids (mg/I) 10.53 10.88 8.10 15.55 16 22 22 22
Turbidity (NTU) 28.63 25.88 19.61 27.48 16 22 22 22
Vanadium (ug/l) 0.68 0.81 0.64 0.85 5 9 10 10
Zinc (ug/l) 5.30 5.17 7.29 3.83 15 21 21 18
Total Nitrogen 0.94 1.14 0.85 0.79
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Introduction

The Arkansas Department of Environmental Quality (ADEQ) sampled fish
communities of White Oak Bayou in Pulaski County, Arkansas, during August 2011.
This work was carried out as part of ADEQ’s continued monitoring of White Oak Bayou,
which also includes routine water quality inspections and macroinvertebrate collections.
Further, the ongoing monitoring and this report serve to assist the White Oak Bayou
Technical Advisory Committee in making decisions for management of the bayou.

This report details the fish communities in three reaches of the main channel of
the bayou. A descriptive analysis of the collections provides information about the
habitat availability and overall health of the bayou.

Study Site Description

ADEQ routinely collects water for standard toxicity analyses (total and dissolved
metals, total organic carbon, fecal coliform, solids, and several other parameters) at four
sites: ARK0162A, ARK0162B, ARK0162C, and ARK0162D (hereafter A, B, C, and D).
Site A is at the County Road 52 (Clinton Road) crossing in the community of Marche and
is approximately 24.6 river kilometers (rkm) upstream of the bayou’s confluence with the
Arkansas River. Site B, also in the community of Marche, is at the County Road 54
(Marche Lateral) crossing approximately 18.8 rkm upstream of confluence. Site C,
approximately 7.4 rkm upstream of confluence, is a reach east of Hwy 100 (Maumelle
Blvd) in Maumelle, and is not associated with a bridge or crossing. Site D is located in
Burns Park in North Little Rock, approximately 1.5 rkm upstream of confluence.

Of the four sites, only site C is adjacent to wetlands. Sites A and B are
extensively bordered by pasture and have a degraded riparian zone with high rates of
bank erosion. Site D appears to have hydrology most similar to a connected backwater of
the Arkansas River, and lies within the Arkansas River floodplain.

Methods

Site A was not sampled, as all water present was isolated pools and fish samples
would not be an accurate representation of the communities of the bayou. Sites B and C
were sampled on August 1, 2011 and Site D was sampled on August 2, 2011. A Smith-
Root backpack shocker was used to stun fish and three ecologists collected fish with dip
nets. At site D, a Smith-Root boat shocker was used and two ecologists collected fish
with dip nets. All sites were sampled within an approximately 200-meter reach. As
many fish as possible were identified on site and returned to the water alive. The
remainder of each sample was preserved in formalin and returned to the laboratory for
identification there. Robison and Buchanan (1988) was the standard for identification.

Results

Sites B, C, and D yielded 14, 22, and 23 species, respectively. All three sites had
nine species in common (64.3%, 40.9%, and 39.1% of species collected at that site, for



sites B, C, and D, respectively). Sites B and C had three species in common (21.4% and
13.6%, respectively) that did not appear at Site D, and sites C and D shared two species
(9.1% and 8.7%, respectively) not collected at Site B. Site B had two species not found
at other sites (14.3%). Site C had eight unique species (36.4%) and Site D had 12
(52.2%). See Appendix 1 for the full species list and taxa shared between sites.

Both species unique to Site B and six of the species unique to Site C prefer slow-
moving streams and backwaters, as did all three species common to sites B and C. Of the
12 unique species at Site D, nine (39.1%) are frequently associated with larger streams or
rivers and reservoirs. The nine species common to all three sites are habitat generalists,
and typically lowland species with a varying range of tolerance to turbidity and current.
The two species common to sites C and D are found in a relatively wide range of habitats
and both are very common in lowland water bodies in the state. See Appendix 2 for full
lists and life history description.

Conclusions

All 35 species collected from White Oak Bayou are typical of low-gradient
streams in multiple ecoregions of the state, especially the Arkansas River Valley. With
the exception of common carp, all species are also native. Most are frequently associated
with backwater habitats. Given that much of White Oak Bayou lies within the Arkansas
River floodplain, this is to be expected. Most species have similar requirements for
spawning and major habitat characteristics, but taxa-specific requirements do exist. The
presence of multiple age classes in many of these species indicate that much of the
habitat, hydrology, and forage requirements are being met. Two particularly important
requirements for much of the taxa present are a flood-induced spawn and the presence of
vegetation and structure throughout the habitat.

The community at Site D appears to be more influenced by the main channel
Arkansas River, with 39.1% of collected species typically associated with larger rivers.
This is in part logical, considering the more direct influence of the Arkansas River on
White Oak Bayou’s hydrology. Additionally, many species frequent in the main channel
Arkansas River require tributary habitat like White Oak Bayou for spawning during
spring floods and for nursery habitat for young-of-year. Sites B and C seem to be more
similar to each other and substantially less influenced by the Arkansas River. There is
little, if any, hydrological influence from the Arkansas River. However, it is not
unreasonable to assume that fish from the Arkansas River can and do make movements
this far up the bayou.



Appendix 1

Site
Family B C D
Lepisosteidae Lepisosteus oculatus Lepisosteus oculatus Lepisosteus oculatus
Amiidae
Clupeidae Dorosoma cepedianum Dorosoma cepedianum Dorosoma cepedianum
Esocidae
Cyprinidae

Notropis spp. (unidentified)

Catostomidae

Ictaluridae Ameiurus natalis Ameiurus natalis
Ictalurus punctatus Ictalurus punctatus

Aphredoderidae
Fundulidae Fundulus olivaceus Fundulus olivaceus Fundulus olivaceus
Poeciliidae Gambusia affinis Gambusia affinis
Atherinopsidae | Labidesthes sicculus Labidesthes sicculus Labidesthes sicculus
Moronidae
Elassomatidae
Centrarchidae

L. gulosus L. gulosus L. gulosus

L. macrochirus L. macrochirus L. macrochirus

L. megalotis L. megalotis L. megalotis

L. microlophus L. microlophus L. microlophus

Lepomis spp. (unidentified)
Micropterus salmoides Micropterus salmoides Micropterus salmoides

Pomoxis nigromaculatus Pomoxis nigromaculatus

Percidae Etheostoma chlorosomum | Etheostoma chlorosomum
Sciaenidae
Color Codes: Present at all sites Present at two sites

All fish species collected in White Oak Bayou by site. Color codes indicate presence at
single or multiple sites.



Appendix 2: Species lists by site with life history information



Site Location ARKO0162B; Pulaski Co Rd 54

Site notes: Reach bordered by cow pasture on entire right side and ~30% of left side; no riparian buffer. ~60 m of left bank in hardwood w/ sparse understory; heavily channelized with eroding banks; very deep silt-mud

Sample Date 8/1/2011 substrate with leaf litter; cows have full access to stream
Method Backpack
Indicator
Family Species Ci Name Trophic Strategy1 Spawning Habitat® Major Habitat’ Notes Key Species2 Species3 Sportfish Count
piscivore, invertivore, vegetated backwaters and flooded Ig rivers & tributaries, connected &
Lepisosteidae Lepisosteus oculatus spotted gar omnivore land isolated backwaters M 2
shallow backwater w/ vegetation nearly all aquatic habitat except high-
Clupeidae Dorosoma cepedianum gizzard shad planktivore, detritivore & structure gradient streams key forage species N 9
slow-moving streams and backwaters
Cyprinidae Opsopoeodus emiliae pugnose minnow invertivore, herbivore ? with soft substrate N 2
mud banks, excavatable substrate slow-moving backwaters, relatively clear
Ictaluridae Ameiurus natalis yellow bullhead invertivore, piscivore with logs or other structure water, most aquatic habitats in state M 2
margins of nearly every aquatic habitat
in state, primarily backwaters; avoids
Fundulidae Fundulus olivaceus blackspotted topminnow invertivore ? current N 1
nearly all aquatic habitat except high- Channel
Poeciliidae Gambusia affinis mosquitofish invertivore, herbivore everywhere; livebearer gradient streams; avoids current altered delta N 1
small to medium streams and rivers and
Atherinopsidae Labidesthes sicculus brook silverside invertivore, planktivore over vegetation and gravel lakes; rarely in largest rivers N 4
piscivore, invertivore, nearly all aquatic habitats, but primarily Channel
Centrarchidae Lepomis cyanellus green sunfish omnivore gravel or soft substrate backwaters and slow streams altered delta Y 1
soft substrate or excavatable low gradient streams and backwaters Gulf coastal
Centrarchidae L. gulosus warmouth piscivore, invertivore gravel near structure with heavy vegetation plain Y 11
soft substrate or excavatable slow-moving streams and backwaters; all Least disturbed
Centrarchidae L. macrochirus bluegill invertivore, piscivore gravel over state delta Y 11
soft substrate or excavatable nearly all aquatic habitats in state;
gravel; usually away from primarily in clear, high- to medium- Arkansas River
Centrarchidae L. megalotis longear sunfish invertivore, piscivore structure and vegetation gradient streams Valley M 9
backwaters with soft substrate,
structure, and vegetation, slow-moving
Centrarchidae L. microlophus redear sunfish invertivore, piscivore soft substrate streams Y 1
lakes, ponds, backwaters with
gravel or soft substrate with vegetation and structure; secondarily in Least disturbed
Centrarchidae Micropterus salmoides largemouth bass piscivore, invertivore vegetation streams with current delta Y 4
slow-moving turbid streams and
backwaters with soft substrate and Least disturbed
Percidae Etheostoma chlorosomum bluntnose darter probably invertivore likely on debris and plants detritus delta N 1

* Robison and Buchanan 1988, Pflieger 1975, Fishbase.org

? Fishes which are normally the dominant species (except for some ubiquitous species) within the important groups such as fish families or trophic feeding levels (APCEC 2011)

2Species of fish which may not be dominant within a species group and may not be limited to one area of the state, but which, because of their presence, are readily associated with a specific ecoregion. (APCEC 2011)

Sportfish category: Y = yes, M = maybe, N = no, C = commercial




Site Location

ARK0162 C; AR Hwy 100

Site notes: Densely forested on all left bank; right bank with 50 - 100m margin; immediately downstream of two wetlands and ~200 m section bordering Maumelle Blvd; shallow; bottom with silt/mud, high density of LWD and

Sample Date 8/1/2011 SWD; submergent and emergent vegetation; cypress and other wetland trees
Method Backpack
Indicator
Family Species C Name Trophic Strategy1 Spawning Habitat" Major Habitat" Notes Key Spet:iesz Species3 Sportfish Count
piscivore, invertivore, vegetated backwaters and flooded Ig rivers & tributaries, connected &
Lepisosteidae Lepisosteus oculatus spotted gar omnivore land isolated backwaters M 1
flooded backwater w/ vegetation,
rocks, sometimes main channel Ig rivers & tributaries, connected &
Lepisosteidae L. osseus longnose gar piscivore river isolated backwaters, upland rivers, lakes M 2
lowland, slow-moving streams,
Amiidae Amia calva bowfin piscivore slow water w/ vegetation backwaters, and swamps nest host for N. crysoleucas M 4
shallow backwater w/ vegetation nearly all aquatic habitat except high-
Clupeidae Dorosoma cepedi gizzard shad planktivore, detritivore & structure gradient streams key forage species N 6
sensitive to riparian
slow-moving streams & backwaters with degradation, especially by Gulf Coastal
Esocidae Esox amaricanus redfin pickerel piscivore, invertivore backwaters vegetation cattle Plain M 2
planktivore, invertivore, vegetated, slow-moving water, nearly all
Cyprinidae Notemigonus crysoleucas golden shiner omnivore ? habitat except high-gradient streams N 1
Channel altered
Cyprinidae Notropis atherinoides emerald shiner planktivore, invertivore open water over hard substrate medium to large rivers & streams, lakes delta N 2
slow, turbid backwaters w/ soft Gulf Coastal Channel altered
Catostomidae Minytrema melanops spotted sucker detritivore, invertivore ? substrate and vegetation pollution intolerant Plain delta N 3
mud banks, excavatable substrate slow-moving backwaters, relatively clear
Ictaluridae Ameiurus natalis yellow bullhead invertivore, piscivore with logs or other structure water, most aquatic habitats in state M 1
piscivore, invertivore, Channel altered
Ictaluridae Ictalurus punctatus channel catfish omnivore undercut banks or debris most aquatic habitat delta Y 2
slow-moving streams and backwaters
invertivore, occasionally with soft substrate; must have vegetated
Aphredoderidae Aphredoderus sayanus pirate perch piscivore undercut vegetated banks banks N 8
margins of nearly every aquatic habitat
in state, primarily backwaters; avoids
Fundulidae Fundulus olivaceus blackspotted topminnow invertivore ? current N 35
nearly all aquatic habitat except high-
Poeciliidae Gambusia affinis mosquitofish invertivore, herbivore everywhere gradient streams; avoids current N 30
small to medium streams and rivers an
Atherinopsidae Labidesthes sicculus brook silverside invertivore, planktivore over vegetation and gravel dlakes; rarely in largest rivers N 58
backwaters with soft substrate and
Elassomatidae Elassoma zonatum banded pygmy sunfish invertivore over vegetation heavy vegetation N 6
soft substrate or excavatable low gradient streams and backwaters Gulf coastal
Centrarchidae L. gulosus warmouth piscivore, invertivore gravel near structure with heavy vegetation plain Y 9




Family Species Ci Name Trophic Strategy1 Spawning Habitat’ Major Habitat® Key Spet:iesz Indicator Specie: Sportfish Count
soft substrate or excavatable slow-moving streams and backwaters; all Least disturbed
Centrarchidae L. macrochirus bluegill invertivore, piscivore gravel over state delta Y 62
soft substrate or excavatable nearly all aquatic habitats in state;
gravel; usually away from primarily in clear, high- to medium- Arkansas River
Centrarchidae L. megalotis longear sunfish invertivore, piscivore structure and vegetation gradient streams Valley Y 24
backwaters with soft substrate,
structure, and vegetation, slow-moving
Centrarchidae L. microlophus redear sunfish invertivore, piscivore soft substrate streams Y 25
lakes, ponds, backwaters with
gravel or soft substrate with vegetation and structure; secondarily in Least disturbed
Centrarchidae Micropterus salmoides largemouth bass piscivore, invertivore vegetation streams with current delta Y 10
lakes, ponds, backwaters with heavy
soft substrate with heavy vegetation and structure; secondarily in
Centrarchidae Pomoxis nigromaculatus black crappie piscivore, invertivore vegetation and cover streams with current \ 1
slow-moving turbid streams and
backwaters with soft substrate and Least disturbed
Percidae Etheostoma chlorosomum bluntnose darter probably invertivore likely on debris and plants detritus delta N 35

* Robison and Buchanan 1988, Pflieger 1975, Fishbase.org

2 Fishes which are normally the dominant species (except for some ubiquitous species) within the important groups such as fish families or trophic feeding levels (APCEC 2011)

3Species of fish which may not be dominant within a species group and may not be limited to one area of the state, but which, because of their presence, are readily associated with a specific ecoregion. (APCEC 2011)

Sportfish category: Y = yes, M = maybe, N = no, C = commercial




Site Location

ARKO0162 D; Burns Park

Site notes: Intact riparian buffer on both banks; bank erosion, but not substantial; low banks, water level typically very near bankfull/floodplain; heavily influenced by Arkansas River Pool 6;

Sample Date 8/2/2011
Method Boat
Indicator
Family Species Common Name Trophic Strategy] Spawning Habitat® Major Habitat’ Notes Key Species2 Spet:ies3 Sportfish Count
piscivore, invertivore, vegetated backwaters and flooded |Ig rivers & tributaries, connected &
Lepisosteidae Lepisosteus oculatus spotted gar omnivore land isolated backwaters M 1
shallow backwater w/ vegetation nearly all aquatic habitat except high- Channel-altered
Clupeidae Dorosoma cepedianum gizzard shad planktivore, detritivore & structure gradient streams key forage species delta N 152
shallow marginal waters with
Clupeidae D. petenense threadfin shad planktivore, detritivore substrate and vegetation med to g rivers and reservoirs key forage species N 147
primarily med to Ig rivers & lakes, but
shallow, heavily vegetated successful in backwaters waters with invasive; destructive to Channel-altered
Cyprinidae Cyprinus carpio common carp herbivore, omnivore backwaters and flooded land vegetation benthos and vegetation delta M 7
med to Ig rivers, sparsely vegetated Channel-altered
Cyprinidae Cyprinella venustus blacktail shiner invertivore, herbivore over structure backwaters; prefers current delta N 5
slow-moving streams and backwaters
Cyprinidae Notropis maculatus tailight shiner invertivore, herbivore ? with soft substrate and vegetation N 11
Cyprinidae Notropis spp. YOY shiners N 6
Ig streams and rivers and backwaters
Cyprinidae Pimephales vigilax bullhead minnow omnivore soft substrate with structure with soft substrate N 23
variable; reported over both med to Ig rivers and cpnnected
Catostomidae Carpiodes carpio river carpsucker benthic omnivore structure and open sand backwaters with sand substrate N 2
shallow, vegetated backwaters Ig streams and rivers and backwaters Least disturbed
Catostomidae Ictiobus bubalus smallmouth buffalo benthic omnivore and flooded land with clear water and soft substrate delta M/C 11
shallow, vegetated backwaters
Catostomidae 1. cyprinellus bigmouth buffalo planktivore and flooded land med to Ig streams and rivers, Ig pools M/C 3
piscivore, invertivore, Channel-altered
Ictaluridae Ictalurus punctatus channel catfish omnivore undercut banks or debris most aquatic habitat delta Y/C 6
margins of nearly every aquatic habitat
in state, primarily backwaters; avoids
Fundulidae Fundulus olivaceus blackspotted topminnow invertivore ? current N 2
small to med streams and rivers an
Atherinopsidae Labidesthes sicculus brook silverside invertivore, planktivore over vegetation and gravel dlakes; rarely in Igst rivers N 11
shallow water over hard substrate
in tributaries of Ig rivers and med to Ig streams and rivers, lakes and
Moronidae Morone chrysops white bass piscivore reservoirs reservoirs with clear water Y 2
soft substrate or excavatable low gradient streams and backwaters Gulf coastal
Centrarchidae L. gulosus warmouth piscivore, invertivore gravel near structure with heavy vegetation plain Y 1




Family Species Common Name Trophic Strategy] Spawning Habitat® Major Habitat’ Key Species2 Indicator Species Sportfish Count
soft substrate or excavatable slow-moving streams and backwaters; all Least disturbed
Centrarchidae L. macrochirus bluegill invertivore, piscivore gravel over state delta Y 139
soft substrate or excavatable nearly all aquatic habitats in state;
gravel; usually away from primarily in clear, high- to med-gradient Arkansas River
Centrarchidae L. megalotis longear sunfish invertivore, piscivore structure and vegetation streams Valley Y 110
backwaters with soft substrate,
structure, and vegetation, slow-moving
Centrarchidae L. microlophus redear sunfish invertivore, piscivore soft substrate streams Y 10
Centrarchidae Lepomis spp. YOY sunfish 34
lakes, ponds, backwaters with
gravel or soft substrate with vegetation and structure; secondarily in Least disturbed
Centrarchidae Micropterus salmoides largemouth bass piscivore, invertivore vegetation streams with current delta Y 35
med to Ig streams and rivers; primarily in
excavatable hard substrate near  streams with open water and current; Arkansas River
Centrarchidae M. punctulatus spotted bass piscivore, invertivore structure rock substrate Valley Y 2
lakes, ponds, backwaters with heavy
soft substrate with heavy vegetation and structure; secondarily in
Centrarchidae Pomoxis nigromaculatus black crappie piscivore, invertivore vegetation and cover streams with current \ 12
slow-moving streams and lakes with
Centrarchidae P. annularis white crappie piscivore, invertivore silt-free substrate with vegetation dense cover M 1
med to Ig rivers, lakes; deep water; very
tolerant of current, often schools near Channel-altered
Sciaenidae Aplodinotus grunniens drum invertivore open water dams delta M 8

* Robison and Buchanan 1988, Pflieger 1975, Fishbase.org

? Fishes which are normally the dominant species (except for some ubiquitous species) within the important groups such as fish families or trophic feeding levels (APCEC 2011)

2Species of fish which may not be dominant within a species group and may not be limited to one area of the state, but which, because of their presence, are readily associated with a specific ecoregion. (APCEC 2011)

Sportfish category: Y = yes, M = maybe, N = no, C = commercial
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Appendix C

Data collected by Universities



Final report - White Oak Bayou water quality monitoring by UCA, 2020-2022
Dr. Halvor M. Halvorson, UCA Department of Biology
Dr. Matthew H. Connolly, UCA Department of Geography

Outline of work completed
Study Area

The White Oak Bayou (WOB) watershed is located in the northwest corner of Pulaski
County in Central Arkansas and includes parts of several major cities in the region, as well as
several unincorporated Pulaski County communities. The majority of western Maumelle, and
small parts of northwestern Little Rock and northwestern North Little Rock are within the WOB
watershed (Figure 1). According to the 2020 U.S. Decennial Census (USCB, 2020), Pulaski
County, Arkansas’ population was approximately 399,125 people. The WOB accounts for about
6.83% of Pulaski County’s total land area, placing WOB 2020 population estimates near 27,265
people assuming a homogeneous spatial distribution of population throughout the county. This
estimate likely overestimates the current number of WOB residents, but is a reasonable
approximation given the simplicity of the calculation and the goals of the study (biogeochemical

constituents and physical stream characteristic monitoring).



Figure 1. The main map frame shows the White Oak Bayou HUC-12 watershed boundary and
spatial distribution of sampling sites, and the inset provides the relative location of the WOB
watershed in Pulaski County.



From a physical perspective, the White Oak Bayou watershed is part of the Arkansas
Valley Ecoregion and receives an approximate annual average precipitation of 1120 mm to
1270 mm (USFS, 2022) and has the general rainfall and temperature characteristics of a
Koppen-Geiger Cfa Humid Subtropical climate (Kottek et al., 2006). Specific sampling locations
were predetermined by Project Partners GBMc & Associates and the City of Maumelle,
Arkansas as part of an ongoing longitudinal water quality assessment of the White Oak Bayou
watershed (see Figure 1). These sites represented a gradient of developed (urban), agricultural,
and forested land uses and land covers (LULC) in the northern and northwestern parts of the
watershed. Across all sampling site catchments, developed LULC ranged from 81.80% to
12.21%, forested LULC ranged from 79.56% to 12.32%, and agricultural LULC ranged from
0.28% to 21.66% in the most recent National Land Cover Database for the Conterminous
United States (MRLC, 2019).

Field component

The UCA water quality monitoring team began collecting samples across all ten selected
sites within WOB beginning in March 2021. We sampled each site once monthly through
February 2022. Before sampling, the UCA team joined GBMc associates Nicki Johnson and
Greg Phillips on a site scouting day to determine site locations and access. On the first sample
date (March 13, 2021), the team established consistent sampling locations. At each site, the
team drew a site sketch, placed permanent wood stakes, and used a Trimble Geo7X GPS unit
to record GPS coordinates for sample locations to provide consistent reference points for all
sampling events.

Standard protocols were implemented during each sampling event. First, the team used
a bucket pre-rinsed with site water to collect a surface water sample. Each water sample was
then divided among appropriate acid-washed and triple-rinsed water collection bottles (250 mL
for TN/TP, 125 mL for dissolved nutrients and metals, and 500 mL for TSS) and placed on ice.
The team then used a handheld YSI proSolo multiparameter sensor to measure surface water
dissolved oxygen, temperature, and specific conductivity at the sample site. The team used
meter tape to establish channel wetted width and used a depth rod to collect depths at regular
intervals of 0.5 to 1.0 meters width. At each depth point, the team also measured water velocity
using a Hach FH950 handheld flow meter, placed at 0.6 of the fractional depth to measure

mean water column velocity. Finally, the team used the floating orange method to measure



water velocity in the thalweg of each site. An orange was placed upstream and the length of
time for the orange to float downstream 1 meter distance was recorded at three consecutive
times at each site. Collection site, upstream and downstream photographs were taken at each
site to archive physical site conditions during each sampling event.

Sites were sampled once monthly, to include ten sampling events under baseflow
conditions and two sampling events under stormflow conditions. We defined stormflow
conditions as sampling times during active runoff, or significant runoff within 24 hours of
sampling. The storm sampling days during the study period were April 17, 2021 and May 20,
2021.

Laboratory component

Water samples were returned to the UCA campus and processed for water chemistry
analysis. Briefly, a 125 mL unfiltered sample was acidified with 125 yL American Chemical
Society grade concentrated sulfuric acid for analysis of Total Nitrogen (TN) and Total
Phosphorus (TP). A separate 40 mL sample was filtered (0.45 ym pore) and acidified with 40 uL
trace-metal grade concentrated sulfuric acid for analysis of dissolved nutrients (nitrate/nitrite and
phosphate). A second separate 40 mL sample was filtered (0.45 pm pore) and acidified with 200
ML trace-metal grade concentrated hydrochloric acid and 460 pL trace-metal grade
concentrated nitric acid for analysis of dissolved metals copper and lead. A 500 mL unfiltered
water sample was reserved for analysis of total suspended solids. Finally, an unfiltered
subsample from each site was also analyzed for turbidity using a turbidimeter.

Samples designated for TN/TP, dissolved nutrients, dissolved metals, and total
suspended solids were kept in the refrigerator at 4°C. Samples were then packed onice in a
cooler and shipped overnight to the Arkansas Water Resources Center (AWRC) in Fayetteville,
Arkansas for analysis. The AWRC provided a summary of results after each month of sampling.

On a quarterly basis, routine sampling included additional collection of samples to
measure Biological Oxygen Demand over 5 days (BODS). Briefly, a one-liter sample was
collected at each site and kept on ice until shipment overnight to the AWRC to measure BOD5
over five days. All samples were collected within a 24-hour period of initiating BOD5
measurements at AWRC.

On the first day of sampling, the team collected a field blank sample which entailed a
nanopure water sample transported and collected in the field, and subsequently filtered and
acidified as with all other water chemistry samples. Each subsequent sampling event also

included a duplicate sample collected from one field site such that each site was duplicated at



least once during the study period. These duplicates were included in all subsequent filtering
and acidification steps prior to shipment to AWRC for analysis.

Upon completion of a sampling event, the UCA team entered all field data into Excel
spreadsheets. The team used measured site wetted width, as well as depth and velocity point
measures, to calculate discharge at each site. Water chemistry data sent by AWRC were also

transferred into Excel spreadsheets.

Land Use Land Cover (LULC) analysis

We calculated the LULC for each sample site using the 2019 National Land Cover
Database (MRLC, 2019), ArcGIS Pro (v. 2.9), and USGS StreamStats (v. 4.10.0) (USGS,
2022). Sampling site GPS data were differentially corrected with Trimble Pathfinder Office (v.
5.30) to improve the horizontal accuracy to within +/- 0.2 m of each site’s actual location on the
Earth’s surface, and the resulting GPS data were exported to ArcGIS Pro shapefiles. We
submitted the sample site shapefile to the USGS StreamStats Batch Processor to delineate the
individual catchments for each site. The USGS StreamStats Batch Processor delineated the
individual site catchments using a hydrologically conditioned Digital Elevation Model to
determine flow paths, topographic drainage divides, and drainage areas (USGS, 2022).

Prior to calculating the LULC percentages, we preprocessed the 2019 NCLD data to
restrict its spatial extent to the White Oak Bayou HUC-12 watershed boundary and reduce
processing time. Then, we reclassified the NLCD data into eight LULC classes. We kept the
original Open Water, Barren Land (exposed rock outcrops, bare soil, coarse-grained weathering
products, etc.), Grassland/Herbaceous, and Shrub/Scrub (shrubs less than 5 m tall occupying
more than 20% of the vegetated canopy), but aggregated the varying levels of Developed (low,
medium, and high intensity), Planted/Cultivated (Pasture/Hay and Cultivated Crops), and
Wetlands (Woody Wetlands and Herbaceous Wetlands) into a single Developed, Agriculture,
and Wetland class respectively. A complete description of the NLCD LULC classes is available
on the Multi-Resolution Land Characteristics Consortium website (MRLC, 2022). We obtained
the LULC percentage for the WOB and each sampling site by clipping the reclassified NLCD
data to the WOB HUC-12 watershed boundary and each individual catchment boundary, and
dividing the number of pixels in each LULC class by the total number of pixels in all LULC

classes within the watershed and catchment respectively.



Proximal and Distal LULC analysis

Although all LULC, natural processes (precipitation, organismal life processes, nutrient
cycling, etc.), and anthropogenic processes (urbanization, water withdrawals, point source
pollutant discharge, etc.) within a catchment influence its water chemistry, these effects are not
spatially uniform. More specifically, phenomena closer to a sampling location (proximal) may
exert greater influence on water chemistry than phenomena farther away (distal) due to
hydrologic response differences throughout a drainage basin (Allan, 2004; Gove, Edwards, &
Conquest, 2001). These differences in hydrologic response often include differences in surface
runoff, infiltration, discharge (Q), and sediment storage and transport, each of which is
influenced by LULC and may alter water constituent concentrations at different spatial scales
(Sweeney & Newbold, 2014; Allan, 2004). Considering different spatial scales such as riparian
buffers (lateral buffers around a stream segment) and partial upstream catchments (reduced
catchment areas) potentially changes distances between dominant LULC influences and water
sample locations. Therefore, we conceptualized distal and proximal LULC by comparing land
uses and land covers for full site catchments (distal), adjusted partial upstream catchments
(intermediate), and a partial upstream riparian buffer (proximal).

We used the average distance from each sampling site to its closest upstream
confluence to determine the partial adjusted upstream catchment for all sites (= 559 m). We
adopted this distance as an adaptation of similar methods used by Morrill (2021), Rezac (2021),
and Morley & Karr (2002) to account for the hydrological contribution of upstream influences for
spatially nested collection points rather than nested study reaches. Morrill (2021) and Rezac
(2021) used the shortest distance between study reaches on the same mainstem stream as an
adaptation of Morley & Karr’s (2002) ideas to examine LULC scale effects on fish community
structure in Ozark streams. The majority of our sites were nested within the WOB-2 catchment,

but none shared a mainstem stream (Figure 2).



Figure 2. Individual site catchments with 2019 NLCD Land Use and Land Cover. All site
catchments are nested within the WOB-2 site catchment except Vestal and NC-1.



The 559 m upstream distance was applied to all site catchments to provide a
standardized comparison for the adjusted catchment scale and account for LULC influences
unique to each sampling site. We also used this upstream distance to constrain the spatial
extent of the riparian buffer. The lateral buffer width around the stream was 200 m due to the
influence of LULC inside this buffer size on ecological stream processes that affect water quality
and overall stream health (Morley & Karr, 2002). An example visual comparison of site

catchment, adjusted catchment, and riparian buffer scales is available in Figure 3.



Figure 3. The site (full) catchment and adjusted catchment for the Banaszak site are shown in
Panel a), and Panel b) shows the lateral 200 m upstream buffer limited to the spatial extent of
the adjusted catchment. The adjusted catchment area is shown with a hatched pattern.



We measured the upstream distances from each sampling site to its closest confluence
in ArcGIS Pro to exploit the software’s snapping tool (i.e., the measurement cursor is
constrained to the stream GIS layer) and recorded the distances in an Excel spreadsheet. Final
distances to the closest upstream confluence for each sample site were based on the average
of three repeated measurements to control for measurement error. We calculated the average
distance to the closest upstream confluence across all sites in Excel, and used this value (=
559 m) to create paths (lines with multiple vertices) for each sampling site in Google Earth Pro
(v. 7.3.4.8642 (64-bit)). Placemark points were created at the terminus of each path to establish
an upstream catchment delineation location and obtain its latitude and longitude coordinates in
the WGS84 reference datum used by Google Earth and USGS StreamStats. We archived the
paths and placemark points as KML files for future use, recorded the latitude and longitude
coordinates in a text file, and use these coordinates to delineate the upstream catchments (=
559 m upstream of the original collection point) for each sampling site in USGS StreamStats (v.
4.10.0).

The new upstream catchments from USGS StreamStats represented intermediate
outputs, and were used to create the final adjusted catchments (intermediate spatial scale) for
each sampling site. We used the Erase tool in ArcGIS Pro (v. 2.9) to geometrically subtract the
intermediate catchment area from the full site catchment for each site. See Figure 3 for a
visualization of areal differences between the full and adjusted catchment scales. We also used
ArcGIS Pro (v. 2.9) to clip the stream shapefile to the adjusted catchment boundary for each
site. Then, we used ArcGIS Pro to create the 200 m buffer around the clipped stream shapefiles
(Figure 3). After creating the adjusted catchment and 200 m buffer polygons (areas), we used
them to clip the 2019 NLCD data to create the LULC datasets for the adjusted catchment
(intermediate) and upstream riparian buffer (proximal) scales respectively. The final LULC
percentages for the adjusted catchment and upstream riparian buffer were calculated using the
methods previously described in the LULC Analysis section. Additionally, we also qualitatively
analyzed the most proximal and distal LULCs for each individual site catchment (see the
Proximal and Distal Site Catchment LULC section in the Results). Land use and land cover
classes closest to the collection sites were considered proximal LULCs, and distal LULCs were
the land use and land cover classes farthest from the collection sites. A summary of LULCs for

each site catchment is provided in the Appendices (see Tables A1 and A2).
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Statistical analysis

We investigated site-level variation in each water quality variable using one-way ANOVA
with site identity as a factor and sampling events as replicated observations over time.
Significant differences across sites were tested post hoc using Tukey’s honestly significant
difference test. We also tested distal, intermediate, and proximal LULC relationships with water
quality variables using Spearman Correlation tests between % agricultural, % urban, and %
forest cover at each site and all 14 water quality variables, based on site means across all
sampling events. All statistical analyses were performed in the computing program R version

4.1.1. Statistical significance thresholds were set to alpha = 0.05.

Results
Proximal and Distal Site Catchment LULC

The western border of the White Oak Bayou watershed is dominated by Developed
(urban) LULC, and the north-central portion is mostly Agricultural and Forested land covers.
Forest is the primary LULC in the northeastern part of the watershed, and the dominant land
uses and land covers in the southern WOB are Developed and Forest. There are also a few
areas of Agriculture, Open Water, and Wetland complexes in the southwest corner where the
WOB includes parts of the Arkansas River and the City of Little Rock, Arkansas. The White Oak

Bayou watershed LULC is shown in Figure 4.
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Figure 4. White Oak Bayou watershed (HUC-12) LULC from the 2019 National Land Cover
Database (MRLC, 2019).
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Our study sites were located in the northern part of the WOB watershed, and most
individual site catchments were spatially nested inside at least one other catchment. For
example, the WOB-1 catchment contains the Banaszak catchment, and the WOB-2 catchment
contains all sites except Vestal and NC-1 (Figure 5). Sharkey’s dominant LULCs are Developed
(47.67%) and Forested (40.57%), and its proximal land cover is Developed in the southern part
of the catchment. Conversely, Sharky’s most distal LULCs are Forest and Agriculture in the
central and northern catchment areas. South of Sharkey, Dog Park’s catchment is 80.54%
Developed and 14.16% Forest land uses and covers. Dog Park’s most proximal LULC is
Developed, and Forest is the dominant land cover class farthest from (distal) from the sampling
site. The Golf Course site catchment on the western border of the WOB watershed and south of
Dog Park is also heavily urbanized with 79.20% Developed and 14.10% Forest LULCs.
Developed and Forest are Golf Course’s proximal and distal land cover and land use classes

respectively.
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Figure 5. Site catchment LULC from the 2019 National Land Cover Database (MRLC, 2019).
Sampling sites are marked with purple dots, and individual catchment boundaries are shown as
light gray lines. The WOB-2 boundary is dashed to illustrate the spatial nesting of most sites,
and identify the site catchments contained within WOB-2.
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Continuing southward, Vestal’s dominant LULCs are Developed (81.80%) and Forested
(12.32%). Although the collection site itself has forested cover along the stream channel, the
most proximal land cover is Developed. Forest land cover is the most distal LULC, and is
concentrated in the north-central and southern portions of the catchment. North of Vestal and
east of Golf Course, the Ballfields site catchment’s dominant LULC is Developed (47.07%) with
substantial contributions from Forest (25.06%) and Herbaceous (23.15%). Developed land use
is largely concentrated near the northwest corner of the catchment, closest to the collection site
(most proximal). Herbaceous cover representing the playing fields is near the center of the
catchment with a north-south orientation, and it is surrounded by forest (Figure 5). Forest LULC
was also the most distal land cover in the Ballfields catchment, and empirical observations
during data collection identified active land disturbances from construction activities adjacent to
the stream channel.

East of the Sharkey catchment in the northern WOB, Banaszak’s dominant LULC is
Forest (49.38%) with Developed accounting for 23.90% of its catchment area. The Developed
land use is dispersed throughout the center of the catchment, and Agriculture covers another
21.66% of Banaszak’s land area. Developed and Agriculture are Banasazk’s most proximal
LULCs, and Forest is the most distal. The WOB-1 site catchment is south of, and contains, the
Banaszak catchment, and is dominated by Forest (68.23%) LULC. Agriculture (14.58%) and
Developed (12.21%) also substantially contribute to land use and land cover in the WOB-1
catchment area. The Developed LULC is interspersed throughout the catchment, but is
generally confined to narrow corridors like roads and commercial buildings. Forest cover is
concentrated in the north-central and eastern parts of WOB-1, and Agriculture LULC is highest
in the southwest corner and central parts of the catchment. Agriculture and Wetland are the
most proximal LULCs to the collection site, and Forest land cover is the most distal.

The Henry site catchment shares a drainage divide with, and is immediately south of, the
WOB-1 catchment area. Henry’s dominant LULC is Forest (79.56%), and Developed and
Agriculture land use and land cover classes account for 10.42% and 6.16% of its catchment
respectively. The Forest land cover is distributed throughout the catchment, with large
continuous swaths in the eastern portion of the drainage in rural Pulaski County. Developed
LULC is largely represented by roads and other urban infrastructure, and the Agricultural land
use is concentrated in the north-central part of the catchment. The Henry collection site is
located next to Interstate-40, but the most proximal LULCs are a mixture of Developed and

Forest. Conversely, Agriculture is Henry’s most distal land use.
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WOB-2’s site catchment is south of Henry and encompasses all individual site
catchments except Vestal and NC-1 (Figure 5). Forest (50.97%) and Developed (30.65%)
account for the majority of the WOB-2 catchment, and Agriculture land use covers another
9.10%. These LULCs are spatially distributed throughout the WOB-2 drainage, with high
concentrations of Developed land use along the catchment’s western border in the City of
Maumelle, Arkansas. Agricultural LULC is mostly in the central part of the WOB-2 catchment,
and Forest land cover dominates its eastern section in rural Pulaski County. Forested and
Developed are WOB-2’'s most proximal LULCs, and Agricultural land use is most distal from the
collection site. The NC-1 site catchment is dominated by Forest (72.24%), followed by a
Developed corridor (17.55%) towards the eastern-central part of the drainage. Relatively small
areas of Agriculture land use also abut the central developed core, accounting for another
5.25% of the catchment area. NC-1’s most proximal LULCs are Forested and Developed, and
Agriculture is most distal. Like Vestal, the NC-1 collection site is not directly hydrologically
influenced by the WOB-2 catchment.

Spatial Distribution of Water Quality Constituents

Water quality constituents that were significantly different between sites during the study
period are explained here, and non-significant constituent maps are available in the
Appendices. Percent saturation of DO appeared to be higher in the southern Study Area
catchments and lower in the northeastern ones. More specifically, the WOB-2 catchment had
the highest percent saturation value. This spatial distribution of DO suggests the WOB-2
catchment values reflect the cumulative inputs from its nested catchments (all sites except
Vestal and NC-1). Higher water temperatures generally seemed to coincide with lower DO
percentage saturations following known relationships between DO and temperature. However,
this apparent temperature-DO relationship does not hold for WOB-2 where both values are
relatively high (Figure 6). One potential explanation for this departure is that water temperature
trends at the WOB collection site could be more strongly influenced by local conditions such as
turbidity and water depth. Lower turbidity values would potentially increase sunlight penetration
in the water column and increase temperature, and shallower water depths could have similar
effect. During the study period, WOB-2’s average Turbidity was comparatively low (29.38 ntu)

and the average water Depth was approximately 0.5 m.
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Figure 6. Spatial Distribution of Water Temperature (Pane a) and DO Percent Saturation (Pane
b) for full site catchments.
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Turbidity and TSS values were generally highest in the northernmost Study Area sites
(Sharkey, Banaszak, WOB-1, and Henry) and lowest in the southernmost sites (Dog Park, Golf
Course, WOB-2, NC-1, and Vestal). Ballfields did not follow this pattern, and had the highest
Turbidity and TSS of all sites. The substantially higher values at Ballfields could be partially
explained by ongoing construction activities adjacent to the stream channel during the study

period. Overall, Turbidity and TSS appear to have the expected direct relationship (Figure 7).
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Figure 7. Spatial Distribution of Turbidity (Pane a) and TSS (Pane b) for full site catchments.
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The spatial distribution of pH and Specific Conductivity appear to follow a west-east
gradient with higher values in the western sites (Sharkey, Dog Park, Ballfields, and Vestal)
inside the City of Maumelle, Arkansas and lower values in the eastern sites in the more rural
areas of the northern WOB watershed (Banaszak, WOB-1, Henry, WOB-2, and NC-1) (Figure
8). Golf Course’s pH is the lowest of all sites and departs from the west-east pattern. Overall,
pH and Specific Conductivity appear to have a direct relationship, suggesting more alkaline
water had higher salinity levels. Vestal had the highest pH and Specific Conductivity levels
during the study period. This circumstance could reflect a large flush of road salts from winter

sampling events in March 2021, December 2021, and February 2022.
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Figure 8. Spatial Distribution of pH (Pane a) and Specific Conductivity (Pane b) for full site
catchments.
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Nitrate-Nitrite and Total N values do not display a clear geographic pattern or gradient.
Higher and lower concentrations of both constituents are mixed throughout the study sites in
north-south and west-east directions (Figure 9). Higher Nitrate-Nitrite levels seem to correspond
with higher Total N concentrations and vice versa. Vestal had the highest Nitrate-Nitrite levels
during the study period which could be reflecting the Developed Open class embedded in the
catchment’s 81.80% Developed LULC. The Developed Open class often includes urban
landscaping and lawns (commercial and residential) (MRLC, 2022). Therefore, fertilizers applied
to these surfaces could have elevated the nitrogen concentrations. Sharkey’s relatively higher
Nitrate-Nitrite values could have a similar explanation, while Banaszak’s concentrations could
be partially due to the catchment’s approximately 22% Agriculture LULC.

Other water chemistry variables including copper, lead, temperature, DO (mg/L), SRP,
TP, and BODS5 did not differ significantly across sites based on ANOVA results. Therefore, we
do not present the spatial distributions of these variables within the summary report main text.

Spatial distributions of these variables may be found in the Appendices, Figures A1-A4.
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Figure 9. Spatial Distribution of Nitrate-Nitrite (Pane a) and Total N (Pane b) for full site
catchments.
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Site-level variation in water quality

There was substantial variability in water quality across all sites, with some variables
showing significant differences across sites (Table 1). Among the 14 water quality variables
measured, five variables exhibited significant differences associated with ANOVA comparisons
across sites during the sampling period. Sites differed significantly in % saturation of dissolved
oxygen (Fg,110=3.54; P<0.001), with dissolved oxygen significantly higher at WOB-2 (90.8%) as
compared to Dog Park (59.1%), WOB-1 (58.3%), and Golf Course (38.2%). Turbidity also
differed across sites (Fo,110=6.58; P<0.001) and Ballfields exhibited higher turbidity (148 NTUs)
compared to all other sites (next highest site average of 61 NTUs). Similarly, TSS differed
across sites (Fo,110=3.57; P<0.001) and Ballfields had higher TSS (39.3 mg/L) as compared to
all others (next highest site average of 15.9 mg/L). Nitrate-nitrite concentrations also differed
significantly across sites (F9.110=3.06; P=0.003) and Vestal showed significantly higher
concentrations (0.249 mg/L) as compared to WOB-2 (0.045 mg/L). Although ANOVA revealed
significant site differences in pH (Fg,110=2.79; P=0.005) with Dog Park the highest average pH
(6.52) and Henry the lowest pH (6.11), the Tukey comparisons did not indicate any significant
pairwise differences across all sites. Finally, specific conductivity differed strongly across sites
(Fe,110=12.65, P<0.001) and was highest at Vestal (365.9 uS/cm), followed by Ballfields (183.7
uS/cm) which were both significantly higher than NC-1 (70.7 uS/cm). A summary of all water

quality measures collected during the study may be found in the Appendices, Tables A3-A5.
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Table 1. Summary of water quality variables expressed as mean (+ SE) across study sites in White Oak Bayou.

Water quality Golf
variable Ballfields Banaszak DogPark Course Henry NC1 Sharkey Vestal WOB1 WOB2
0.001 0.001 0.001 0.001 0.002 <0.001 0.001 0.001 0.001 <0.001
Copper (mg/L) (<0.001) (<0.001) (<0.001)  (<0.001)  (0.001) (<0.001)  (<0.001)  (<0.001) (<0.001)  (<0.001)
0.002 0.001 0.001 0.002 0.003 0.002 0.001 <0.001 0.002 0.001
Lead (mg/L) (0.001) (0.001) (<0.001) (0.001) (0.002) (0.001) (0.001) (<0.001) (0.001) (0.001)
Nitrate-nitrite 0.097 0.220 0.126 0.083 0.065 0.085 0.221 0.249 0.088 0.045
(mg/L)* (0.015)ab (0.051)2>  (0.039)2®  (0.018)2 (0.016)2 (0.021)2>  (0.046)2>  (0.097)2  (0.028)2>  (0.018)°
0.008 0.021 0.010 0.019 0.015 0.014 0.016 0.017 0.015 0.016
SRP (mg/L) (0.002) (0.005) (0.003) (0.003) (0.004) (0.004) (0.004) (0.004) (0.003) (0.004)
0.655 0.847 0.649 0.633 0.610 0.522 0.768 0.823 0.758 0.519
TN (mg/L) (0.067) (0.120) (0.108) (0.070) (0.082) (0.079) (0.121) (0.154) (0.096) (0.078)
0.087 0.102 0.049 0.071 0.070 0.064 0.076 0.058 0.081 0.060
TP (mg/L) (0.014) (0.016) (0.008) (0.011) (0.009) (0.012) (0.012) (0.011) (0.011) (0.009)
15.9
TSS (mg/L)* 39.3(13.1)b 12.6(2.4)2 6.6(1.4)2 9.8(4.2)2 (4.3)2 8.2(1.6)2 11.2(2.7)2 6.7(1.6)2 15.0(2.5)2 15.3(4.4)2
2.88

BOD5 (mg/L) 1.82(0.25) 3.36(1.74) 1.85(0.32) 2.10(0.16) (1.25) 2.08 (0.62) 2.38 (0.69) 1.67 (0.35) 2.39 (0.40) 3.18 (1.81)
Temperature (C) 18.3(2.2) 15.0(1.9) 16.9(2.0) 17.2(2.1) 16.7(21) 16.7(2.1) 16.4(2.0) 157(2.0) 17.3(2.2) 17.8(2.1)

61.1 67.3 69.4 65.2
DO (%)* 62.7 (5.8)2® 64.2 (8.6)2> 59.1 (7.5)2 38.2(5.9)2 (5.9)% (9.4) @ (5.0) @ (4.1)%  58.3(5.5)2 90.8 (8.5)°
6.20
DO (mg/L) 6.04 (0.74) 6.85(1.08) 6.06 (0.99) 3.88 (0.74) (0.84) 6.92(1.11) 7.08 (0.76) 6.69 (0.70) 5.91 (0.83) 8.73 (0.79)
Turbidity
(NTUs)* 148 (38) b 61 (18) @ 21 (4)e 24 (8)a 43 (7)2 29 (5)a 43 (11)a 28 (7)2 35(4)2 29 (7)a
6.11
pH 6.34 (0.10) 6.36(0.09) 6.52(0.11) 6.12(0.13) (0.06) 6.15(0.09) 6.52 (0.09) 6.46 (0.12) 6.20 (0.11) 6.16 (0.06)
Specific
conductivity 183.7 160.5 151.1 75.2 179.2 365.9 83.6 120.5
(uS/cm)* (41.0)® 97.8(6.4)3 (14.2)2 (21.2)a6  (11.1)a> 70.7 (5.9)2 (17.1)2b (51.8)¢ (6.6) (21.8)20

*Denotes variables that differed statistically across all sites (ANOVA, P<0.05). Letter superscripts designate different units across
sites (Tukey’s Honestly Significant Difference, P<0.05).
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A comparison of physical variables demonstrates the full range of wetted width, depth,
velocity, and discharge across the sites (Table 2). We did not statistically analyze these physical
site data, but some clear trends emerged. First, only one site consistently showed net
immeasurable discharge using the velocity meter method - Ballfields was consistently very low
in discharge, particularly due to very low (often undetectable) water velocity. Still, the orange
method allowed us to detect water velocity and revealed net positive discharge, albeit very low.
The site with the greatest discharge was WOB-2, which also had the highest width as well as
highest water velocity compared to all other sites - reflective of its largest catchment area which
includes seven out of nine of the other sites. Most sites were wetted year-round and we were
able to sample throughout the study duration, but discharge during baseflow was minimal at the
majority of sites on most sample events. Some sites were dry during summer and Fall; in the
case of Banaszak, the stream reach immediately upstream of our sampling location became dry
and was disconnected, but we were able to continue sampling in the designated location which
was a deep pool. Another site, WOB-2, was dry with a few disconnected pools and we did not

collect water samples during our sampling on September 11, 2021.
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Table 2. Summary of physical data expressed as mean (+SE) of all study sites in White Oak Bayou.

Physical variable Ballfields Banaszak Dog Park  Golf Course Henry NC1 Vestal Sharkey WOB1 WOB2
Width (m) 5.6 (<0.1) 4.1 (0.1) 6.4 (0.6) 4.7 (0.1) 7.8 (0.1) 8.7 (0.3) 2.7 (<0.1) 7.0(<0.1) 9.5 (0.1) 12.1 (1.4)
Depth (m) 0.58 (0.01) 0.24 (0.03) 0.34(0.01) 0.35(0.01) 0.62(0.03) 0.58(0.03) 0.13(0.01) 0.60(0.01) 0.58 (0.03) 0.35(0.05)

Velocity (m/s) 0.00 (<0.01) 0.00 (<0.01) 0.00 (<0.01) 0.01(0.01)
Velocity (Orange)
0.01 (<0.01) 0.02 (0.01) 0.01(<0.01) 0.03 (0.01)
(m/s)
Discharge (L/s) -2.8 (5.8) 1.7 (1.9) 994.1) 21.4(17.9)

Discharge

0 (14. 2(101) 245(7.2) 51.6(19.2
(Orange) (L/s) 34.0(14.8)  28.2(10.1) 5(7.2) 51.6(19.2)

0.00 (<0.01) 0.00 (<0.01) 0.01 (0.01) 0.01 (<0.01) 0.00 (<0.01) 0.03(0.01)

0.01(<0.01) 0.02 (<0.01) 0.02 (0.01) 0.02 (<0.01) 0.01(0.01)  0.08 (0.02)

13.0 (7.6)

23.3 (12.8)

23.9 (15.6)

78.6 (19.5)

7.3 (5.1)

10.0 (6.3)

446 (29.7)

73.8 (20.6)

15.6 (7.1) 355.2 (102.4)

56.7 (15.7) 456.9 (112.1)
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Relationships between water quality and LULC across sites

The correlation results demonstrated strong relationships between LULC and water
quality across all sites, with the strongest correlations occurring for % agriculture and %
developed land within the catchments across all the sites (Table 3). Of the total 126 Spearman
correlation tests conducted, 14 correlation results (11%) showed significant relationships with
water quality variables, most often for BOD5 and specific conductivity. The LULC within
upstream buffers (proximal scale) showed the strongest relationships with water quality with six
significant correlations, followed by LULC within the full catchment (distal scale), which showed

five significant correlations.
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Table 3. Spearman correlation coefficients (p) for relationships between water quality variables and LULC at each of three spatial
scales (proximal, intermediate, and distal) across all sample sites in White Oak Bayou. Asterisks denote statistically significant

correlations (*P<0.05; **P<0.01).

Water quality

Upstream buffer (proximal)

Adjusted full catchment (intermediate)

%

Full catchment (distal)

%

%

%

variable % agriculture % development % forest % agriculture % development forest agriculture  development forest
Copper (mg/L) 0.356 0.262 -0.262 0.352 0 -0.135 -0.112 -0.067 -0.067
Lead (mg/L) 0.223 -0.427 0.239 0 -0.375 0.323 0.019 -0.679* 0.575
Nitrate-nitrite (mg/L) -0.08 0.491 -0.43 0.006 0.37 -0.491 -0.139 0.539 -0.552
SRP (mg/L) 0.006 0.25 0.012 0.274 0.085 0.073 0.244 0.171 -0.25
TN (mg/L) 0.276 0.43 -0.406 0.37 0.224 -0.43 0.115 0.297 -0.43
TP (mg/L) 0.656* -0.115 -0.127 0.539 -0.127 -0.091 0.37 -0.418 0.2
TSS (mg/L) 0.706* -0.479 0.139 0.612 -0.43 0.236 0.418 -0.612 0.491
BOD5 (mg/L) 0.669* -0.467 0.552 0.733* -0.564 0.576 0.770* -0.636* 0.612
Temperature (C) 0.068 -0.049 -0.219 -0.109 0.103 -0.182 -0.219 -0.103 0.061
DO (%) -0.104 -0.394 0.394 0.042 -0.248 0.358 0.321 0.018 0.176
DO (mg/L) -0.031 -0.442 0.539 0.127 -0.345 0.491 0.43 -0.079 0.297
Turbidity (NTUs) 0.767* -0.442 0.115 0.071 -0.406 0.152 0.515 -0.552 0.43
pH -0.025 0.505 -0.444 0.036 0.426 -0.529 -0.146 0.602 -0.529
Specific conductivity

(uS/cm) -0.301 0.758* -0.818** -0.212 0.745* -0.770*  -0.588 0.855** -0.867**
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At the proximal scale of LULC within upstream buffers, there were positive relationships
of % agriculture with TP, TSS, BOD5, and turbidity (Table 3; Figure 10a-d). The strongest
relationships were for turbidity and TSS, indicating strong links between agricultural land use
within the riparian buffer and the concentration of suspended solids within water. These trends
suggest sediments or other suspended particles increase with agriculture and contribute to TP
loading across the sites. The positive associations may also be consistent with nutrient-rich
particulates stimulating microbial metabolism as measured using BOD5. At the proximal scale,
% development was also strongly positively correlated with specific conductivity (Figure 10e)
and % forested land was negatively associated with specific conductivity (Figure 10f), indicating

that development may be increasing salinization within WOB.
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Figure 10. Scatterplots of relationships between LULC and mean water quality variables at the
proximal scale of upstream buffers across all ten study sites. Only significant relationships
(Spearman’s p; P<0.05) were included.
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At the intermediate scale of LULC within adjusted full catchments, three of the above
significant correlations at proximal scales were also significant (Table 3). Similar to the proximal
scale, there was a positive relationship between % agriculture and BOD5 (Figure 11a). Specific
conductivity showed a positive relationship with % development across sites (Figure 11b).

Finally, specific conductivity also showed a negative relationship with % forest land use (Figure
11c).
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Figure 11. Scatterplots of relationships between LULC and mean water quality variables at the
intermediate scale of adjusted full catchments across all ten study sites. Only significant
relationships (Spearman’s p; P<0.05) were included.

33



At the distal scale of LULC within full catchments, all significant LULC correlation trends
with water quality at the intermediate scale were again significant. The only water quality
variable related to % agriculture was BODS, which was positively associated (Figure 12a). Lead
concentrations were negatively associated with % development (Figure 12b) and BODS was
also negatively correlated with % development (Figure 12c). Similar to all other scales, specific
conductivity was strongly positively correlated with % development in full catchments (Figure
12d) but negatively correlated with % forest in full catchments (Figure 12e).
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Figure 12. Scatterplots of relationships between LULC and mean water quality variables at the
distal scale of full catchments across all ten study sites. Only significant relationships
(Spearman’s p; P<0.05) were included.
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Cumulatively, the results above suggest that there are consistent positive relationships
between agriculture and BODS, positive relationships between % development and specific
conductivity, and negative relationships between % forested land and specific conductivity, at all
spatial scales. The proximal scale showed distinct local effects of agricultural cover on TP, TSS,
and turbidity - all of which were not found at any other scale. Finally, the full catchment scale
uniquely revealed a negative relationship between lead concentrations and % development, as
well as between BODS5 and % development. In this way, the intermediate scale was the most
redundant with results shown at the other two scales of LULC, and proximal versus distal scales
each showed several unique relationships between LULC and water quality. These results
suggest that future monitoring should particularly focus on agricultural land use within upstream
buffers as a potential source of sediment erosion and TP loading, and on the conversion of

forested land to developed land as a driver of freshwater salinization in WOB.
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Appendices

Table A1. Study Site Full Catchment 2019 NLCD Land Use and Land Cover

site % agriculture % barren % developed % forest % herbaceous % open water % shrub % wetland
Ballfields 1.83 0.23 47.07 25.06 23.15 0.08 0.3 2.28
Banaszak 21.66 0.23 23.9 49.38 3.66 0.32 0.84 0
Dog Park 0.55 0 80.54 14.15 3.9 0 0.85 0
Golf Course 0.28 1.61 79.21 14.01 0.97 0 0.13 3.8
Henry 6.16 0.06 10.42 79.56 2.56 0.03 1.06 0.16
NC1 5.25 0.38 17.55 72.24 3.02 0.77 0.67 0.12
Sharkey 4.52 0.78 47.68 40.57 6.05 0.08 0.33 0
Vestal 2.09 1.13 81.8 12.32 1.37 0 0.16 1.13
WOB1 14.58 0.13 12.21 68.23 3.64 0.18 0.47 0.56

WOB2 9.1 0.39 30.65 50.97 4.17 0.35 0.56 3.8




Table A2. Study Site Percent Agriculture, Percent Forest, and Percent Developed for All Scales.

Upstream buffer (proximal)

Adjusted full catchment (intermediate)

Full catchment (distal)

Site % agriculture % development % forest % agriculture % development % forest % agriculture % development % forest
Ballfields 7.30 65.14 5.68 2.97 84.65 0.50 1.83 47.07 25.06
Banaszak 38.23 32.65 27.48 30.57 36.53 27.92 21.66 23.90 49.38
Dog Park 217 82.66 12.86 1.02 84.81 9.56 0.55 80.54 14.15

Golf Course 0.00 92.54 6.38 0.11 87.86 10.78 0.28 79.21 14.01
Henry 11.08 17.49 66.91 11.97 7.91 74.36 6.16 10.42 79.56

NC1 0.00 2.22 92.38 0.00 28.72 63.59 5.25 17.55 72.24

Sharkey 4.74 66.05 21.84 4.63 54.99 34.30 4.52 47.68 40.57
Vestal 0.00 75.00 19.27 2.72 77.04 14.81 2.09 81.80 12.32
WOB1 27.69 20.11 44.04 22.15 23.38 48.79 14.58 12.21 68.23
wOoB2 5.51 17.85 46.19 7.62 34.44 55.63 9.10 30.65 50.97
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Table A3. Summary of water chemistry variables measured across all ten sites during the study period.

Month Year | Site Copper | Lead Nitrate-nitrite | SRP TN (mg/L) | TP (mg/L) | TSS
(mg/L) | (mg/L) (mg/L) (mg/L) (mg/L)

March 2021 | Ball fields 0.000 0.000 0.106 0.007 0.840 0.102 39.2
April 2021 | Ball fields 0.000 0.002 0.112 0.018 0.660 0.138 47.6
May 2021 | Ball fields 0.001 0.002 0.064 0.004 0.830 0.122 46.7
June 2021 | Ball fields 0.002 0.000 0.195 0.014 1.210 0.169 169.1
July 2021 | Ball fields 0.002 0.000 0.069 0.001 0.610 0.043 11.0
August 2021 | Ball fields 0.002 0.006 0.097 0.001 0.630 0.041 8.6
September | 2021 | Ball fields 0.000 0.001 0.023 0.006 0.360 0.026 11.3
October 2021 | Ball fields 0.000 0.006 0.010 0.005 0.420 0.041 10.6
November | 2021 | Ball fields 0.002 0.003 0.096 0.026 0.560 0.132 36.7
December | 2021 | Ball fields 0.000 0.002 0.121 0.003 0.600 0.122 69.1
January 2022 | Ball fields 0.000 0.000 0.163 0.006 0.720 0.056 10.6
February 2022 | Ball fields 0.000 0.000 0.109 0.006 0.420 0.053 11.5
March 2021 | Banaszak 0.000 0.000 0.169 0.008 0.540 0.073 14.8
April 2021 | Banaszak 0.000 0.000 0.099 0.011 0.550 0.088 8.9
May 2021 | Banaszak 0.000 0.000 0.092 0.017 0.720 0.085 14.9
June 2021 | Banaszak 0.002 0.001 0.276 0.062 1.230 0.176 25.6
July 2021 | Banaszak 0.002 0.000 0.146 0.003 1.100 0.097 17.0
August 2021 | Banaszak 0.004 0.000 0.709 0.003 1.730 0.217 27.5
September | 2021 | Banaszak 0.001 0.000 0.045 0.028 1.070 0.127 14.3
October 2021 | Banaszak 0.004 0.000 0.298 0.038 1.140 0.132 12.9
November | 2021 | Banaszak 0.002 0.000 0.301 0.031 0.810 0.101 55
December | 2021 | Banaszak 0.000 0.006 0.148 0.029 0.550 0.062 3.8
January 2022 | Banaszak 0.000 0.005 0.214 0.010 0.430 0.032 2.3
February 2022 | Banaszak 0.000 0.000 0.138 0.015 0.290 0.034 3.6
March 2021 | Dog Park 0.000 0.000 0.001 0.004 0.360 0.044 9.2
April 2021 | Dog Park 0.000 0.000 0.016 0.000 0.500 0.044 9.3
May 2021 | Dog Park 0.000 0.000 0.180 0.014 0.810 0.084 13.5
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Month Year | Site Copper | Lead Nitrate-nitrite | SRP TN (mg/L) | TP (mg/L) | TSS
(mg/L) |(mg/l) | (mg/L) (mg/L) (mg/L)
June 2021 | Dog Park 0.002 0.000 0.238 0.034 0.930 0.093 16.3
July 2021 | Dog Park 0.001 0.000 0.104 0.002 0.750 0.041 3.4
August 2021 | Dog Park 0.004 0.003 0.488 0.010 1.670 0.092 6.4
September | 2021 | Dog Park 0.000 0.000 0.003 0.004 0.520 0.028 5.5
October 2021 | Dog Park 0.002 0.000 0.114 0.012 0.630 0.048 3.5
November | 2021 | Dog Park 0.000 0.000 0.128 0.012 0.440 0.047 6.3
December | 2021 | Dog Park 0.000 0.002 0.058 0.013 0.450 0.036 24
January 2022 | Dog Park 0.000 0.003 0.111 0.009 0.370 0.024 1.5
February 2022 | Dog Park 0.000 0.000 0.067 0.005 0.360 0.011 1.4
March 2021 | Golf Course | 0.000 0.000 0.000 0.007 0.020 0.005 0.0
April 2021 | Golf Course | 0.000 0.002 0.081 0.008 0.730 0.067 7.9
May 2021 | Golf Course | 0.000 0.005 0.148 0.033 1.060 0.120 21.2
June 2021 | Golf Course | 0.002 0.002 0.121 0.036 0.810 0.160 52.6
July 2021 | Golf Course | 0.000 0.000 0.091 0.019 0.640 0.067 4.0
August 2021 | Golf Course | 0.001 0.008 0.053 0.016 0.660 0.067 41
September | 2021 | Golf Course | 0.001 0.000 0.029 0.022 0.410 0.077 54
October 2021 | Golf Course | 0.002 0.005 0.016 0.015 0.620 0.061 4.3
November | 2021 | Golf Course | 0.000 0.000 0.092 0.010 0.630 0.064 6.2
December | 2021 | Golf Course | 0.002 0.006 0.023 0.030 0.650 0.061 4.2
January 2022 | Golf Course | 0.000 0.000 0.216 0.024 0.700 0.052 3.0
February 2022 | Golf Course | 0.000 0.000 0.122 0.010 0.660 0.045 4.1
March 2021 | Henry 0.001* 0.002* 0.053* 0.009* 0.364* 0.051* 14.9%
April 2021 | Henry 0.000 0.000 0.000 0.007 0.440 0.096 58.0
May 2021 | Henry 0.000 0.001 0.047 0.010 0.560 0.063 15.5
June 2021 | Henry 0.002 0.000 0.133 0.043 0.960 0.123 31.5
July 2021 | Henry 0.001 0.000 0.081 0.010 1.000 0.080 9.2
August 2021 | Henry 0.001 0.007 0.121 0.008 0.580 0.051 11.7
September | 2021 | Henry 0.001 0.000 0.015 0.018 0.620 0.060 7.7
October 2021 | Henry 0.012 0.019 0.017 0.004 0.660 0.058 8.6
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Month Year | Site Copper | Lead Nitrate-nitrite | SRP TN (mg/L) | TP (mg/L) | TSS
(mg/L) |(mg/l) |(mg/L) (mg/L) (mg/L)
November | 2021 | Henry 0.002 0.002 0.173 0.032 1.070 0.128 7.3
December | 2021 | Henry 0.000 0.007 0.022 0.023 0.610 0.078 6.1
January 2022 | Henry 0.000 0.000 0.088 0.004 0.300 0.033 12.9
February 2022 | Henry 0.000 0.000 0.026 0.007 0.150 0.022 71
March 2021 | NC-1 0.000 0.000 0.053 0.004 0.190 0.030 4.5
April 2021 | NC-1 0.000 0.000 0.024 0.004 0.210 0.025 3.1
May 2021 | NC-1 0.000 0.001 0.045 0.014 0.660 0.074 9.3
June 2021 | NC-1 0.001 0.001 0.099 0.011 0.600 0.081 19.4
July 2021 | NC-1 0.001 0.000 0.039 0.049 1.030 0.153 111
August 2021 | NC-1 0.000 0.005 0.068 0.032 0.600 0.091 6.9
September | 2021 | NC-1 0.000 0.000 0.038 0.017 0.750 0.078 12.5
October 2021 | NC-1 0.000 0.006 0.003 0.015 0.770 0.115 15.1
November | 2021 | NC-1 0.000 0.003 0.205 0.003 0.580 0.055 2.6
December | 2021 | NC-1 0.000 0.003 0.210 0.012 0.450 0.036 8.6
January 2022 | NC-1 0.000 0.000 0.170 0.006 0.290 0.027 3.5
February 2022 | NC-1 0.000 0.000 0.063 0.003 0.130 0.004 1.3
March 2021 | Sharkey 0.000 0.000 0.126 0.024 0.420 0.052 11.0
April 2021 | Sharkey 0.000 0.000 0.040 0.000 0.470 0.056 9.1
May 2021 | Sharkey 0.000 0.005 0.159 0.017 0.860 0.093 13.3
June 2021 | Sharkey 0.003 0.003 0.204 0.031 0.880 0.093 24.5
July 2021 | Sharkey 0.004 0.000 0.431 0.007 1.000 0.033 4.6
August 2021 | Sharkey 0.003 0.004 0.533 0.032 1.740 0.123 6.5
September | 2021 | Sharkey 0.001 0.000 0.127 0.004 0.800 0.065 8.1
October 2021 | Sharkey 0.003 0.000 0.415 0.034 1.180 0.138 34.8
November | 2021 | Sharkey 0.001 0.001 0.255 0.002 0.810 0.092 7.9
December | 2021 | Sharkey 0.000 0.004 0.079 0.028 0.370 0.117 8.6
January 2022 | Sharkey 0.000 0.000 0.201 0.011 0.440 0.029 29
February 2022 | Sharkey 0.000 0.000 0.084 0.005 0.250 0.015 2.9
March 2021 | Vestal 0.000 0.000 0.041 0.006 0.380 0.025 4.8
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Month Year | Site Copper | Lead Nitrate-nitrite | SRP TN (mg/L) | TP (mg/L) | TSS
(mg/L) |(mg/l) | (mg/L) (mg/L) (mg/L)
April 2021 | Vestal 0.000 0.000 0.176 0.006 0.830 0.055 6.7
May 2021 | Vestal 0.000 0.000 0.113 0.022 0.830 0.096 15.6
June 2021 | Vestal 0.002 0.000 0.526 0.051 1.380 0.118 20.9
July 2021 | Vestal 0.002 0.000 0.644 0.018 1.450 0.061 5.8
August 2021 | Vestal 0.004 0.003 1.102 0.035 2.040 0.129 2.2
September | 2021 | Vestal 0.000 0.000 0.014 0.011 0.380 0.033 4.3
October 2021 | Vestal 0.003 0.000 0.092 0.017 0.780 0.066 5.5
November | 2021 | Vestal 0.000 0.000 0.079 0.013 0.430 0.049 4.9
December | 2021 | Vestal 0.001 0.000 0.047 0.013 0.420 0.031 3.0
January 2022 | Vestal 0.000 0.000 0.079 0.008 0.490 0.018 2.1
February 2022 | Vestal 0.000 0.000 0.072 0.006 0.460 0.018 4.3
March 2021 | WOB-1 0.000 0.000 0.352 0.007 0.560 0.072 19.7
April 2021 | WOB-1 0.000 0.000 0.005 0.002 0.630 0.077 10.9
May 2021 | WOB-1 0.001 0.006 0.029 0.015 0.680 0.073 15.0
June 2021 | WOB-1 0.001 0.003 0.105 0.031 1.470 0.155 26.1
July 2021 | WOB-1 0.001 0.000 0.057 0.014 0.680 0.063 32.4
August 2021 | WOB-1 0.001 0.002 0.085 0.007 0.860 0.072 111
September | 2021 | WOB-1 0.000 0.000 0.046 0.011 0.880 0.081 221
October 2021 | WOB-1 0.002 0.000 0.078 0.019 1.150 0.087 14.5
November | 2021 | WOB-1 0.003 0.003 0.185 0.035 0.870 0.143 10.5
December | 2021 | WOB-1 0.001 0.000 0.029 0.025 0.760 0.093 6.7
January 2022 | WOB-1 0.000 0.005 0.059 0.008 0.320 0.027 3.9
February 2022 | WOB-1 0.000 0.000 0.028 0.005 0.240 0.032 6.6
March 2021 | WOB-2 0.000 0.000 0.188 0.011 0.410 0.058 13.8
April 2021 | WOB-2 0.000 0.000 0.000 0.007 0.420 0.065 111
May 2021 | WOB-2 0.000 0.000 0.023 0.015 0.600 0.069 8.1
June 2021 | WOB-2 0.002 0.000 0.085 0.044 0.820 0.095 19.7
July 2021 | WOB-2 0.001 0.000 0.070 0.025 0.770 0.079 13.1
August 2021 | WOB-2 0.000 0.000 0.131 0.001 0.950 0.100 50.8
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Month Year | Site Copper | Lead Nitrate-nitrite | SRP TN (mg/L) | TP (mg/L) | TSS
(mg/L) |(mg/l) | (mg/L) (mg/L) (mg/L)
September | 2021 | WOB-2 0.000 0.000 0.000 0.014 0.484 0.052 11.7
October 2021 | WOB-2 0.002 0.000 0.006 0.031 0.690 0.094 40.9
November | 2021 | WOB-2 0.000 0.000 0.000 0.013 0.510 0.041 41
December | 2021 | WOB-2 0.000 0.007 0.017 0.019 0.390 0.034 5.1
January 2022 | WOB-2 0.000 0.000 0.010 0.007 0.000 0.024 3.2
February 2022 | WOB-2 0.000 0.000 0.004 0.005 0.180 0.005 1.8

*Data reported from Henry in March 2021 and WOB-2 in September 2021 were not directly collected because of an incorrect initial

sampling location (Henry) and the site being dry (WOB-2). Instead, the listed values here represent estimates of missing data using a

marginal means model.
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Table A4. Summary of water physicochemistry variables across all ten study sites throughout the study period.

Month Year | Site Temperature (C) | DO (%) | DO (mg/L) | Turbidity (NTU) | pH Spec. Cond. (uS/cm)
March 2021 Ball fields 18.4 76.8 6.65 106 6.35 174.5
April 2021 Ball fields 15.5 33.8 3.38 178 5.98 125.4
May 2021 Ball fields 22.9 84.8 7.28 201 5.55 50.5
June 2021 Ball fields 23.7 73.8 6.24 431 6.39 113.4
July 2021 Ball fields 26.4 46.1 3.62 25 6.32 277.0
August 2021 Ball fields 27.5 52.0 4.08 23 6.49 197.9
September | 2021 Ball fields 26.1 63.9 5.24 22 6.97 596.0
October 2021 Ball fields 19.8 37.1 3.37 38 6.75 189.9
November | 2021 Ball fields 10.2 41.3 4.60 314 6.31 130.6
December | 2021 Ball fields 15.7 66.8 6.62 250 6.30 105.5
January 2022 | Ball fields 54 84.0 10.59 94 6.19 102.9
February | 2022 | Ball fields 7.9 91.4 10.78 89 6.44 140.7
March 2021 Banaszak 14.6 85.1 8.67 33 6.33 107.2
April 2021 Banaszak 13.3 76.7 8.04 32 6.34 112.2
May 2021 Banaszak 20.1 87.3 7.84 53 5.57 57.6
June 2021 Banaszak 21.1 71.0 6.30 68 6.23 133.2
July 2021 Banaszak 22.5 18.6 1.60 56 6.21 96.2
August 2021 Banaszak 23.5 29.3 2.46 249 6.57 66.8
September | 2021 Banaszak 19.5 5.0 0.45 49 6.45 114.2
October 2021 Banaszak 14.7 69.4 7.03 74 6.35 71.5
November | 2021 Banaszak 7.9 72.3 8.56 47 6.82 103.9
December | 2021 Banaszak 134 68.1 712 33 6.34 114.5
January 2022 | Banaszak 2.7 93.8 12.84 17 6.46 941
February 2022 | Banaszak 7.1 94.3 11.33 18 6.65 101.6
March 2021 Dog Park 15.8 61.6 6.04 16 7.03 211.4
April 2021 Dog Park 14.5 61.8 6.25 17 6.47 195.5
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Month Year | Site Temperature (C) | DO (%) | DO (mg/L) | Turbidity (NTU) | pH Spec. Cond. (uS/cm)
May 2021 Dog Park 20.8 82.7 7.40 57 5.96 81.6
June 2021 Dog Park 22.3 76.1 6.59 43 6.13 104.0
July 2021 Dog Park 254 20.0 1.61 8 6.35 165.9
August 2021 Dog Park 25.6 33.2 2.67 23 6.35 213.9
September | 2021 Dog Park 23.6 33.8 2.88 6 6.73 199.9
October 2021 Dog Park 17.2 38.9 3.75 13 6.15 105.9
November | 2021 Dog Park 10.6 57.7 6.36 30 7.23 1371
December | 2021 Dog Park 13.9 45.7 4.69 15 6.45 159.7
January 2022 | Dog Park 4.2 102.2 13.33 15 6.66 126.3
February 2022 | Dog Park 8.4 95.1 11.09 10 6.75 2247
March 2021 | Golf Course 14.9 56.1 5.66 11 6.59 225.2
April 2021 | Golf Course 15.5 21.2 2.02 17 6.02 155.1
May 2021 | Golf Course 21.3 58.4 5.16 57 5.84 70.0
June 2021 Golf Course 22.9 46.2 3.86 102 5.48 65.1
July 2021 | Golf Course 26.0 17.3 1.39 7 6.80 212.6
August 2021 | Golf Course 26.7 17.4 1.37 9 6.14 171.2
September | 2021 Golf Course 23.6 16.5 1.35 7 5.98 140.1
October 2021 | Golf Course 17.9 30.6 2.86 8 5.39 137.7
November | 2021 Golf Course 10.5 34.8 3.88 29 6.28 79.9
December | 2021 Golf Course 13.9 21.9 2.24 15 5.85 93.6
January 2022 | Golf Course 4.4 70.6 9.08 17 6.71 147.9
February 2022 | Golf Course 8.8 67.3 7.74 13 6.38 314.9
March 2021 Henry 17.8* 51.2* 5.46* 65* 6.29* | 173.5*
April 2021 Henry 13.9 67.1 6.87 57 6.06 58.7
May 2021 Henry 19.8 83.8 7.65 47 5.56 34.6
June 2021 Henry 20.9 53.4 472 85 6.09 69.7
July 2021 Henry 254 65.5 5.26 21 6.03 108.7
August 2021 Henry 26.2 69.0 5.59 17 6.04 85.1
September | 2021 Henry 23.6 31.7 2.41 16 6.41 104.9
October 2021 Henry 18.7 38.1 3.52 23 6.02 61.6

46




Month Year | Site Temperature (C) | DO (%) | DO (mg/L) | Turbidity (NTU) | pH Spec. Cond. (uS/cm)
November | 2021 Henry 10.5 39.1 4.33 64 6.25 56.7
December | 2021 Henry 11.9 50.9 5.47 55 6.05 53.3
January 2022 | Henry 3.4 93.7 12.64 44 6.23 495
February 2022 | Henry 7.9 89.6 10.52 24 6.32 46.1
March 2021 | NCA1 16.1 95.9 9.46 13 6.05 60.0
April 2021 | NCA1 14.5 83.9 8.52 14 6.02 63.8
May 2021 | NCA1 19.5 57.5 5.29 44 5.46 38.3
June 2021 | NCA1 22.4 56.5 4.87 59 6.15 87.4
July 2021 | NC-1 254 15.7 1.22 23 5.93 116.1
August 2021 | NC-1 26.1 22.7 1.79 51 6.31 81.7
September | 2021 | NC-1 24.4 110.4 9.22 19 6.75 77.5
October 2021 | NC-1 16.6 22.6 217 24 6.25 85.8
November | 2021 | NC-1 9.3 71.3 8.18 57 6.26 65.2
December | 2021 | NC-1 13.9 75.1 7.74 22 5.99 67.0
January 2022 | NCA1 4.2 98.0 12.92 9 6.32 49.2
February | 2022 | NC-1 7.4 97.8 11.63 10 6.32 56.5
March 2021 | Sharkey 15.6 81.2 8.08 20 6.83 281.7
April 2021 | Sharkey 14.3 62.2 6.35 24 6.45 227.5
May 2021 | Sharkey 19.9 86.3 7.86 61 5.98 94.5
June 2021 | Sharkey 21.7 75.1 6.59 78 6.29 147.3
July 2021 | Sharkey 24.7 39.5 3.27 15 6.19 163.3
August 2021 Sharkey 25.5 48.8 3.97 26 6.55 217.7
September | 2021 | Sharkey 22.6 56.8 4.92 6 6.95 143.8
October 2021 Sharkey 16.6 57.4 5.59 135 6.31 112.8
November | 2021 | Sharkey 9.3 63.6 7.26 78 6.99 143.3
December | 2021 | Sharkey 15.1 78.3 7.90 38 6.41 139.1
January 2022 | Sharkey 2.7 93.0 12.64 17 6.61 230.7
February | 2022 | Sharkey 8.5 90.7 10.55 17 6.70 248.3
March 2021 | Vestal 14.3 66.5 6.67 8 6.78 600.0
April 2021 | Vestal 13.7 64.0 6.63 19 6.38 297.6
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Month Year | Site Temperature (C) | DO (%) | DO (mg/L) | Turbidity (NTU) | pH Spec. Cond. (uS/cm)
May 2021 | Vestal 20.8 68.1 6.01 57 6.03 86.8
June 2021 | Vestal 21.7 78.4 6.85 60 6.13 158.2
July 2021 | Vestal 23.9 37.1 3.11 16 6.64 317.2
August 2021 | Vestal 24.8 52.5 4.26 76 6.20 2054
September | 2021 | Vestal 20.7 59.0 5.29 10 6.64 686.0
October 2021 | Vestal 15.2 56.1 5.61 28 5.94 305.6
November | 2021 | Vestal 9.2 63.7 7.28 15 7.48 386.1
December | 2021 | Vestal 14.5 62.2 6.32 20 6.30 425.7
January 2022 | Vestal 2.2 89.3 12.18 13 6.50 369.3
February 2022 | Vestal 7.9 85.2 10.03 17 6.44 553.0
March 2021 | WOB-1 16.1 66.2 6.51 40 6.20 87.7
April 2021 | WOB-1 14.6 57.6 5.82 31 6.06 65.8
May 2021 | WOB-1 20.3 71.2 6.42 42 5.34 36.8
June 2021 | WOB-1 23.2 60.3 5.11 42 6.12 104 .1
July 2021 | WOB-1 27.6 35.0 2.69 15 5.89 98.1
August 2021 | WOB-1 27.0 37.5 2.92 28 6.45 113.3
September | 2021 | WOB-1 241 62.9 5.36 36 6.95 110.1
October 2021 | WOB-1 18.5 34.5 3.26 38 6.02 85.6
November | 2021 | WOB-1 11.3 48.5 5.28 70 6.45 82.4
December | 2021 | WOB-1 14.8 46.2 4.71 32 6.13 95.7
January 2022 | WOB-1 3.0 88.6 11.94 24 6.43 62.5
February | 2022 | WOB-1 7.5 91.6 10.93 23 6.33 61.3
March 2021 | WOB-2 18.1 112.2 10.62 22 6.24 88.0
April 2021 | WOB-2 16.2 86.3 8.48 18 6.02 89.9
May 2021 | WOB-2 20.7 35.8 3.20 33 5.64 36.4
June 2021 | WOB-2 23.4 65.4 5.51 42 6.04 86.2
July 2021 | WOB-2 27.0 148.2 11.84 27 6.42 108.9
August 2021 | WOB-2 26.2 102.6 | 8.31 13 6.35 266.0
September | 2021 | WOB-2 24.9 122.7 10.24 94* 6.31 277.0
October 2021 | WOB-2 17.9 68.7 6.49 54 6.23 111.9
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Month Year | Site Temperature (C) | DO (%) | DO (mg/L) | Turbidity (NTU) | pH Spec. Cond. (uS/cm)
November | 2021 | WOB-2 10.9 82.5 9.10 16 6.28 73.3
December | 2021 | WOB-2 16.0 74.8 7.36 14 5.99 84.3
January 2022 | WOB-2 4.8 94.6 12.17 13 6.11 74.7
February | 2022 | WOB-2 7.5 96.2 11.43 6 6.34 149.1

*Data reported from Henry in March 2021 and WOB-2 in September 2021 were not directly collected because of an incorrect initial
sampling location (Henry) and the site being dry (WOB-2). Instead, the listed values here represent estimates of missing data using a
marginal means model.
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Table A5. Summary of BOD5 measured across all ten sites during the study period.

Month Year | Site BOD5 (mg/L)
May 2021 | Ballfields 2.54
August 2021 | Ballfields 1.71
November | 2021 | Ball fields 1.66
February 2022 | Ballfields 1.37
May 2021 | Banaszak 1.61
August 2021 | Banaszak 8.50
November | 2021 | Banaszak 2.39
February 2022 | Banaszak 0.92
May 2021 | Dog Park 210
August 2021 | Dog Park 2.57
November | 2021 | Dog Park 1.67
February 2022 | Dog Park 1.05
May 2021 | Golf Course | 2.55
August 2021 | Golf Course | 1.87
November | 2021 | Golf Course | 2.07
February 2022 | Golf Course | 1.90
May 2021 | Henry 1.59
August 2021 | Henry 6.55
November | 2021 | Henry 2.28
February 2022 | Henry 1.09
May 2021 | NC-1 2.36
August 2021 | NC-1 3.67
November | 2021 | NC-1 1.44
February 2022 | NC-1 0.84
May 2021 | Sharkey 1.79
August 2021 | Sharkey 4.39
November | 2021 | Sharkey 2.09
February 2022 | Sharkey 1.23
May 2021 | Vestal 2.60
August 2021 | Vestal 1.29
November | 2021 | Vestal 1.80
February 2022 | Vestal 0.99
May 2021 | WOB-1 2.66
August 2021 | WOB-1 3.17
November | 2021 | WOB-1 2.47
February 2022 | WOB-1 1.27
May 2021 | WOB-2 2.32
August 2021 | WOB-2 8.50
November | 2021 | WOB-2 1.09
February 2022 | WOB-2 0.79
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Figure A1. Spatial Distribution of Temperature and DO (mg/L). Water temperatures (Pane a)
appeared to be highest in the southern part of the study area where DO values (Pane b) were
also generally lowest. The WOB-2 departs from this general pattern where higher temperatures
seem to correspond with higher concentrations of DO. This phenomenon was also observed in
comparisons of water temperature and percent saturation of DO (See Figure 6).
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Figure A2. Spatial Distribution of Copper and Lead Concentrations (mg/L). Neither copper
(Pane a) nor lead (Pane b) concentrations appeared to follow any clear geographic pattern or
gradient (north-south or west-east). Similarly, catchment size did not appear to influence copper
or lead concentrations since WOB-2 has lower values than any of its spatially nested drainages.
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Figure A3. Spatial Distribution of SRP and Total P (mg/L). SRP (Pane a) and Total P (Pane b)
concentrations showed the expected positive relationship between variables, but do not appear
to follow a clear geographic pattern or gradient (north-south or west-east). The values of both
constituents for the WOB-2 catchment are similar to those for Copper and Lead, in that they do
not appear to be directly influenced by WOB-2’s spatially nested drainages.

53



Figure A4. Spatial Distribution of BOD-5 (mg/L). BOD-5 concentrations appear to follow a west-
east gradient with lower values along the western border of the study area, and lower values in
the east. This pattern also aligns with the overall spatial distribution of LULC in the White Oak
Bayou where Developed land use is highest along the WOB’s western border inside the City of
Maumelle, Arkansas and becomes less frequent in the eastern part of the Study Area in rural
Pulaski County.
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Water Quality Sampling of the White Qak Bayou Watershed
Quachita Water Lab
Bo Sutton, Clark Kuyper and Tim Knight

The Ouachita Water Lab of Quachita Baptist University appreciates the opportunity to conduct this work
with CBM* & Associates. Our lab provides the oppartunity for students to be invalved in the sampling
and analysis of water samples as part of their undergraduate education. Bo Sutton, conducted all the
sample collection and participated in analysis for this project. Bo worked under the supervision of Clark
Kuyper [Lab Director) and Tim Knight {Dean of the Patterson School of Natural Sciences). Bo also had
the opportunity to share preliminary results of this project as a poster presentation in our on-campus
Scholar’s Day held in April, 2019.

Sampling began in September, 2018 and continued through April, 2019. Ten sites were determined by
GBMF prior to the start of sampling. Samples were collected following standard field protocols and all
holding times fell within the time required for each parameter. The following parameters were
analyzed:

Temperature (in situ)

pH {in situ)

Turhidity {in situ)
Dissolved Oxygen (in situ)
Conductivity {in situ)

Totaf Phosphorous
Total Kjeldahl Nitrogen
Ammoania Nitrogen
Total Dissolved Solids
Total Suspended Solids
Sulfate

Chloride

Nitrate Nitrogen

The Quachita Water Lab enjoys approval for analysis of these constituents by the Arkansas Department
of Environmental Quality. Field blanks, lab spikes and splits were conducted for each sample date. An
Excel file containing the raw data will be provided with this report,

The ten sample locations include two stations on White Oak Bayou (WOB-1 and WOB-2). The Banaszak
station is above WOB-1. Sample sites labelled Sharkey, Henry and Dog Park, Golf Course and Ballfields
join White Oak Bayou between WOB-1 and WQB-2. Stations NC-1 and Vestal join White Oak Bayou
below WOB-2 station.

Appendices 1-8 contain graphical representation of the data for each month. Graphs were not created
for Temperature and pH. Nothing of note was observed for these parameters. Dissolved oxygen for the



month of September was questioned by us due to trouble calibrating the filed instrument. The
following items can be observed from these graphs:

1. Conductivity was high each month for the Vestal site. Sulfate and Chloride were also high at this
site each month. TDS was high 7 of 8 months at Vestal.

2. Total phosphorous was higher at the ballfields in all months except September and February.
TKN was higher than surrounding sites for the Ball Field all 8 months. TP and nitrogen levels at
the Ball Field site indicate possible fertilizer influence from November through January.

3. There are occasionally higher levels of specific parameters at random locations, including but
not limited to:

a. TP at Henry in September

TKN at WOB-2 in September

TP at Sharkey and Vestal sites in October

TDS at Ball Fields and Vestal in December

Turbidity and TSS at Ball Fields in January

TP at Banaszak in February

TKN at Banszak in February

Conductivity, TDS, Sulfate and Chloride at Golf Course in March

TP at Banaszak in April

j- Sulfate at Vestal in April

@m0 o0go

Several other items should be noted. First, flows were almost negligible each date of sampling. Water
levels may have been higher or lower based on recent rain events but flows were never high. Second,
our lack of familiarity of the industry and urban circumstances of Maumelle prevents us from having a
feel for potential sources of contamination, other than the potential from fertilizer being applied in
several locations.



Ouachita Water Laboratory
Analysis Report

Client; GBM®
Project: White Oak Bayou

in situ in situ in situ in situ
Sample Date Station Temp pH Cond Turb DO TPme/L  SRPmg/L  TKNmg/L Ammonia-N mg/L NO3/NO2-Nme/L TDSmg/L TSSmg/L Sulfatemg/L  Chloride me/L Flow m/s
9/25/2018 Banaszak 214 6490 B12 437 597 0.08 0019 0.81 009 0.18 an 38 654 7.5 05
9/25/2018 WOB-1 22.2 6.68 1038 342 381 0.09 0022 1.00 012 018 92 22 58 7.0 a
9/25/2018 Sharkey 228 695 1552 28.7 6.37 0.05 0.019 063 0.04 025 104 17 194 104 4]
9/25/2018 Henry 22.0 6594 94 5 109 318 011 0036 0.95 019 009 70 11 65 38 0
5/25/2018  Doe Pound 23.5 7.04 1303 120 4.88 005 0.018 0.50 004 0.16 89 14 8.5 7.9 a
5/25/3018  Golf Course 22.7 713 107 0 141 310 0.07 0029 0.82 015 020 77 14 71 8.1 bl
5/25/2018 Ball Fields 21.9 7.21 157 3 136 234 007 0015 1.24 010 <0 D2ZMRL 112 15 34 5.0 0
9/25/2018 WwiB-2 2232 6592 829 8.73 4.28 oos 0016 212 004 <0 D2MRL 63 L] 34 5.8 04
9/25/2018 NC-1 216 6.99 853 121 3,52 0.05 0.012 0.63 008 010 54 10 9.9 3.7 q
5/25/2018 Vestal 22.7 7.14 2687 209 5.42 0.07 0.030 0.65 005 014 170 16 43.1 189 02
10/23/2018 Banaszak 10.9 579 733 240 9.19 0.04 0013 0.42 004 0.12 69 12 6.1 6.9 0.1
10/23/2018 WiOB-1 11.7 5.69 72.9 274 7.68 00s 0.011 0.54 006 0.03 65 11 4.0 69 0
10/23/2018 Sharkey 126 6.63 1895 193 8.25 007 aa1g 0.54 010 0.12 117 13 222 116 Q
1072372018 Henry 112 700 483 286 8.3 gos 0011 0.52 0.07 0.04 b2 & 3.5 33 a
10/23/2018 Dog Pound 126 691 1451 9.0 5.67 0.3 0.011 0.35 002 Q06 91 &4 89 94 g
10/23f2018  Golf Course 13.2 725 978 219 5.1 0.05 0.013 070 0.08 018 66 10 62 6.5 Q
10/23/2018  Ball Figlds 10.1 7 50 112.3 249 4.8 0.07 0.010 118 0.09 034 95 16 5.2 4.7 il
10/23/2018 WOB-2 11.4 7.12 75.0 109 7.4 0.05 0.018 048 0.04 MRL 57 [ 76 5.1 04
10/23/2018 NC-1 112 710 64.8 19.8 87 0.04 0.008 034 0.03 013 80 [3 76 4.3 ]
10/23/2018 vestal 123 730 338 630 7.9 0.07 0.012 a6l 0.02 0.05 211 99 38.5 21.8
11/15/2018 Banaszak E] 7.68 192 19.6 1133 009 0.023 0.50 0.08 0.26 126 11 207 19.0 0.6
11/15/2018 WOB-1 3.9 2.06 65.7 17.2 1d 39 0.05 0.011 aa3 0.02 0.04 57 7 43 5.8 4]
11/15/2018 Sharkey 42 762 174 17.2 11 34 oos 0.010 043 0.03 011 105 ] 225 139 [l
11/15/2018 Hanry 36 B.14 46.0 16.0 1105 0.03 0.009 029 0.02 MRL 45 a4 40 3.4 0
11/15/2018 Doe Pound 49 T 160.5 14.5 10.6 Q04 0.009 a37 001 0.10 98 15 16.0 126 4]
11/15/2018  Golf Course 4.8 82 120.7 214 94 005 0.015 051 0.03 0.14 68 8 B.4 98 o
11/15/2018  Ball Fields 4.4 83 165.3 19.0 891 010 0044 138 0.05 0.56 122 4 59 64 0
11/15/2018 WQB-2 26 8.2 718 8.7 10.9 003 0013 041 0.02 MRL 48 [ ge a9 0.3
11/15/2018 NC-1 4.4 81 54.8 82 1181 0.03 0008 026 0.02 0.09 48 5 72 35 0.1
11/15/2018 Vestal 4.8 86 am 158 10 37 0.04 Q011 Q.38 0.02 0.05 171 7 449 221 0.1
13/106/2018 Banaszak 4.9 6.64 58.2 15.8 11 69 0.04 0008 018 o4 0.11 49 5 59 58 03
12/1042018 WOR-1 4.4 673 46 4 13.9 109 a05 0.007 0.42 0.01 0.03 54 8 3.6 i3 Q
12/10/2018 Sharkey 5.2 6.59 116.8 209 1195 0.05 0015 042 002 0.20 49 7 174 91 0.1
12/10/2018 Hanrv 4.2 6.1 36.1 14.8 1153 004 0004 0.37 Q.01 0.18 43 5 ag 25 0
12/10/2018  Doe Pound 6.6 6.67 1194 31.2 10 45 008 0006 0.69 0.01 0.15 g1 40 13.6 93 0
12/10/2018  Golf Course 5.2 6.84 86.0 73.0 .78 012 0.019 0.74 0.03 0.08 69 28 2.7 26 ]
12/10/2018  Ball Fields 36 6.65 126.4 126.4 3132 0136 0174 1.62 005 0.78 128 50 5.1 40 0
12/10/2018 WOB-2 4.5 6.9 58.8 26.5 1061 a08 0.031 0.58 0.01 0.06 66 12 60 a0 0.2
12/10/2018 NC-1 54 6.94 ap.5 111 1143 003 Q003 0.29 0o 0.11 38 2 5.8 24 03
12/10/2018 Westal 38 6.92 2137 228 1028 0.04 0.008 0.45 0.02 0.05 139 ] 12.9 124 0
1/24/2015 Banaszak 35 7.17 504 201 12.25 004 0007 0.36 003 011 54 9 58 4.5 aa
1/24/2019 WOB-1 31 74 367 2213 11.52 0.4s5 0ao7 0.45 noz2 004 52 7 33 2.8 0

1/24/2019 Sharkev 34 703 1037 311 1213 0.06 oa10 041 003 0.15 B8 13 7.3 62 0



1/24/2019
1/24/2019
1/24/2019
1/24/2019
1/24/2019
1/24/2019
1/24/2019

2/27/2019
2/27/2019
2/27/2019
2/27/2019
2/27/2019
2/27/2019
2/27/2019
2/27/2019
2/27/2019
2/27/2019

3/24/2019
3/24/2019
3/24/2019
3/24/2019
3/24/2019
3/24/2019
3/24/2019
3/24/2019
3/24/2019
3/24/2019

4/30/2019
4/30/2019
4/30/2019
4/30/2019
4/30/2019
4/30/2019
4/30/2019
4/30/2019
4/30/2019
4/30/2019

NOTES: Air temp was 24 C on January sample date.
January sample date was also high water

Henrv
Dog Pound
Golf Course

Ball Fields

WOB-2

NC-1

Vestal

Banaszak
WOB-1
Sharkey

Henrv
Dog Pound
Golf Course

Ball Fields

WOB-2
NC-1
Vestal

Banaszak
WOB-1
Sharkey
Henrv
Dog Pound
Golf Course
Ball Fields
WOB-2
NC-1
Vestal

Banaszak
WOB-1
Sharkev
Henrv
Dog Pound
Golf Course
Ball Fields
wWO0B-2
NC-1
Vestal

33
39
51

33
4.5
39

13
113
119
10.2
15.8
123
115
124

11
117

126
137
137
13.2
152
149
15.0
148
13.2
13.2

21.1
234
22.8
20.7
254
23
234
241
20.6
201

755
698
78
755
756
751
7.82

6.9
69
69
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7.1
6.7
6.9
7.0

6.8
6.8
7.0
7.0
7.0
7.1
7.2
6.9
6.8
69

70
69
70
6.8
71
71
71
69
6.8
7.3

317
111.5
76.6
75.7
49.8
347
179.5

1676
532
1581
40.1
155.8
69.1
149.5
533
43.4
295.1

69.0
728
1327
545
1202
2739
785
891
593
1576

189
64.9
171.8
55.7
140.4
156.2
61.8
67.3
51.2
351.9

195
480
401
159
38.2
16.8
28.8

29.9
15.4
21
195
13.7
31.8
20.4
333
79.2
13.2

393
26.4
28.5
28.2
25.8
10.2
338
177
39.7
349

635
308
300
415
14.1
8.8
41.2
19.1
16.2
28.9

12.13
1133
1091
8.15
10.42
11.96
11.57

1092
1027
10.71
10.18
9.7
9.97
1013
983
10.74
95

99
97
10.1
95
g2
95
85
92
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8.9

5.65
7.51
8.2
9.85
6.15
7.55
9.93
6.51
77
635

0.04
0.05
0.07
0.38
0.07
0.03
0.04

011
0.03
0.05
0.03
0.03
0.06
0.07
0.07
004
003

0.06
006
006
005
007
007
014
010
0.05
010

0.23
0.11
0.19
0.09
0.07
0.09
0.20
0.11
0.06
0.07

0.007
0.008
0.017
0.036
0.012
0.006
0009

0030
0015
0.018
0.004
0.003
0.008
0.010
0.008
0.004
0006

0007
0010
0011
0010
0.006
0.007
0.007
0013
0008
0.011

0.028
0.010
0.009
0.008
0.007
0.012
0.006
0.021
0.005
0.010

041
041
055
3.51
0.56
0.34
048

0.6
0.47
033
0.32
034
053
0.75
055
031
038

047
0.48
0.57
0.49
0.53
0.57
1.07
0.55
0.34
0.66

082
084
111
0.72
061
0.72
166
062
028
074

003
002
0.03
0.10
0.02
0.02
002

010
002
002
0.03
0.02
0.06
0.02
0.02
0.01
0.04

0.02
002
0.03
003
0.05
002
002
001
0.01
004

011
0.11
00%
0.20
0.06
0.09
0.08
0.08
0.04
0.18

006
018
0.16
0.32
0.04
0.09
0.12

0.16
MRL
010
MRL
005
0.13
0.02
MRL
006
0.04

0.07
<.02
0.14
<.02
0.16
0.05
<.02
<.02
<.02
027

0.10
004
0.08
003
MRL
MRL
MRL
MRL
MRL
0.10

49

92

65

78

66

44
120

99
48
20
35
72
66
54
48
35
170

59
51
86
42
78
107
82
62
46
110
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102
45
81
82
69
51
35
199
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19
376
17

14

10

12
13
36
44
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13
14
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13
15
17
10
73
16
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24
54
26
11
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17
15
23

35
6.6
54
24
49
5.4
110

25.9
5.2
271
43
17.6
116
23
56
68
47.8

6.1
54
165
43
15.8
199
3.0
8.7
8.4
122

18.1
37

24.6
31
74
63
16
25
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26.7

20
83
46
21
31
18
8.9

15.6
4.1
117
24
12.8
14.8
14
31
21
221

69
56
8.8
3.0
7.8
312
18
5.6
27
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38
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25
81
16.8
13
27
23
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Does the Orientation of
Urban Land Use Influence

White Oak Bayou Stream
Water Quality?

Stephanie Stoughton and Sally Entrekin
University of Central Arkansas

Global Urbanization

United Nations, 2014



Urban Stream Syndrome

urbanization

Stressors: | |

Riparian alteration Stormwater runoff Wastewater inputs

Symptoms:

Water quality: Energy sources: Habitat: Hydrology:
High [nitrogen] High/low algal production Less woody debris Low infiltration

Low D.O Low detrital inputs Habitat homogeneity Riparian bypass

High TSS Nutrient enrichment Channel incision High runoff

High conductivity Stream burial Hydrologic disconnection

Walsh et al., 2005, Hale et al. 2016, Adapted from EPA CADDIS Model

U.S. stream impairment

National Biological Condition

MARS Major Regions
- Eastern Highlands
Plains and Lowlands
West

@ 125250 500 750 L0040

EPA, 2013



NO, (kglyr.ha)

Catchment-level impacts to ecosystems
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Spatial arrangement

Catchment 200m buffer Inverse-distance weighted

- T

Forest Urban

Peterson et al., 2011,
King et. al., 2005

s Stream

Urban categories

residential

Forest Urban

commercial

Images from Google Maps
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The White Oak Bayou Watershed-- 2012

2 K
o *k_gi\,

*“1999 Land Use:
8% urban

2012 Land Use:
17% urban

White Oak Bayou
thtle Rock oF

&
1, 4

LULC data from GBMc




Hypotheses

Primary : Water quality parameters will change as urban and
pasture land cover increase among catchments.

Alternative 1: Water quality parameters will change as urban
and pasture land cover increase among 200m buffers.

Alternative 2: Water quality parameters will change as urban
and pasture land cover is weighted by distance from stream
channels.



Sampled different flows

USGS Gaging Station — Fourche Creek
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Statistical analysis

Response variable = factor x| variable X variable
o) o)
Total N (mg/L) Catchment % urban % pasture
area (km?) catchment catchment

Statistical analysis

Response variable =| variable x  variable X variable

% residential % commercial % pasture

Total N (mg/L)
catchment catchment catchment




White Oak Bayou nutrients

Concentration (mg/L) |

TN TP  NO; SRP TN SRP
Base Flow Storm Flow

Total nitrogen in the White Oak Bayou
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TN P, for Ecoregion 37

Total N Concentration (mg/L)

Base Flow Storm Flow EPA, 2000
Evans-White et al., 2009



Storm Flow NO;+NO,-N (mg/L)

NO; in the White Oak Bayou

NO, P, for Ecoregion 37

/

NO,+NO,-N Concentration (mg/L)

Base Flow Storm Flow
EPA, 2000

Pearson’s r = 0.53
P =0.023

Storms

® 24 February
® 10 March

Residential in Catchment (%)



Total phosphorus in the White Oak Bayou

TP P, for Eco Region 37

/.

4

Total P Concentration (mg/L)

Blue Ridge Discovery Center

EPA, 2000
Evans-White et al., 2009 Base Flow Storm Flow

Total phosphorus in the White Oak Bayou

Full Model Results
200m buffer
residential & pasture
R?2=0.30
P=0.03
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SRP in the White Oak Bayou

Full Model Results

200m buffer
residential & pasture
R?=0.45
P<0.01

Storms
® 24 February
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Turbidity in the White Oak Bayou
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Turbidity in the White Oak Bayou

Full Model Results

200m buffer
residential, pasture,
commercial
R2=0.88
P<0.01
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Water quality predicted by models

Catchment 200m Buffer
Temperature Turbidity
Dissolved Oxygen Total P

Ammonium SRP

Base flow Storm flow

Residential development in White Oak Bayou
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Wetland Data Summary

Waterbod
Site Date y
Ballfieldsw 4-Dec-16 Wetland
Ballfieldsw 2-Apr-16  Wetland
Bank 5-Dec-16 Wetland
Bank 2-Apr-16  Wetland
BurnsParkNorth 5-Dec-16 Wetland
BurnsParkNorth 2-Apr-16  Wetland
BurnsParkSouth 5-Dec-16 Wetland
BurnsParkSouth 2-Apr-16  Wetland
Carnahan 4-Dec-16 Wetland
Carnahan 2-Apr-16  Wetland
Chandler 5-Dec-16 Wetland
Chandler 2-Apr-16  Wetland
CountryClub 6-Dec-16 Wetland
CountryClub 2-Apr-16  Wetland
EastHighSchool 4-Dec-16 Wetland
EastHighSchool 2-Apr-16  Wetland

EastPublicWorks 4-Dec-16 Wetland
EastPublicWorks 2-Apr-16  Wetland

Gubanski 4-Dec-16 Wetland
Gubanski 2-Apr-16  Wetland
Harb 5-Dec-16 Wetland
Harb 2-Apr-16  Wetland

Lat
34.846445
34.846445

34.820633
34.820633

34.807505
34.807505
34.802192
34.802192

34.856016
34.856016

34.809729
34.809729

34.850761
34.850761

34.859575
34.859575

34.851406
34.851406

34.866398
34.866398

34.84562
34.844451

Long
-92.381903
-92.381903

-92.363237
-92.363237

-92.328963
-92.328963
-92.325510
-92.325510

-92.380572
-92.380572

-92.348867
-92.348867

-92.366684
-92.366684

-92.381225
-92.381225

-92.381771
-92.381771

-92.365411
-92.365411

-92.361918
-92.359607

Flow
Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max
Base

Base
Average

TN (mg/L) TP (mg/L)

3.17
0.37
1.77
0.37
3.17

0.43
0.83
0.63
0.43
0.83

0.42
111
0.43
0.61
0.6425
0.42
111

0.23
0.55
0.39
0.23
0.55

0.57
0.79
0.68
0.57
0.79

0.22
0.55
0.385
0.22
0.55

0.22
0.56
0.39
0.22
0.56

0.44
0.93
0.685
0.44
0.93

0.34
1.18
0.76
0.34
1.18

0.26
0.74
0.5

0.024
0.118
0.071
0.024
0.118

0.176
0.506
0.341
0.176
0.506

0.184
0.315
0.132
0.164
0.19875
0.132
0.315

0.056
0.068
0.062
0.056
0.068

0.222
0.04
0.131
0.04
0.222

0.042
0.088
0.065
0.042
0.088

0.06
0.075
0.0675
0.06
0.075

0.1
0.138
0.119

0.1
0.138

0.086
0.18

0.133

0.086
0.18

0.056
0.126
0.091

Nitrate-
nitrite
(mg/L)

2.42
0
1.21
0
2.42

0.01
0.005
0.01
0.03
0.01
0.01
0.03
0.01
0.005
0.01
0.01
0.21
0.11

0.01
0.21

0.04
0.02
0.04
0.02
0.01
0.02
0.02
0.01
0.02
0.01
0.09
0.05

0.01
0.09

0.02
0.01

SRP
(mg/L)
0.007
0.031
0.019
0.007
0.031

0.199
0.169
0.184
0.169
0.199

0.052
0.026
0.004
0.11
0.048
0.004
0.11

0.018
0.023
0.0205
0.018
0.023

0.013
0.01
0.0115
0.01
0.013

0.017
0.027
0.022
0.017
0.027

0.048
0.022
0.035
0.022
0.048

0.03
0.047
0.0385
0.03
0.047

0.019
0.024
0.0215
0.019
0.024

0.018
0.047
0.0325

DOC
(mg/L)
2.15
14.96
8.555
2.15
14.96

20.76
11.23
15.995
11.23
20.76

9.7
7.57
16.26
14.26
11.9475
7.57
16.26

8.14
12.2
10.17
8.14
12.2

14.19
17.02
15.605
14.19
17.02

8.4
9.84
9.12

8.4
9.84

7.94
12.29
10.115
7.94
12.29

12.17
13.08
12.625
12.17
13.08

14.08
12.72
13.4
12.72
14.08

8.68
12.25
10.465

Ammoniu
m (mg/L)
2.45
0.07
1.26
0.07
2.45

0.11
0.06
0.085
0.06
0.11

0.16
0.11
0.16
0.02
0.1125
0.02
0.16

0.09
0.07
0.08
0.07
0.09

0.11
0.33
0.22
0.11
0.33

0.11
0.07
0.09
0.07
0.11

0.08
0.07
0.075
0.07
0.08

0.07
0.09
0.08
0.07
0.09

0.12
0.05
0.085
0.05
0.12

0.12
0.09
0.105

MeanTDS
(mg/L)
5493.11
199.20
2846.155
199.1968
5493.113

4374.28
236.84
2305.559
236.8408
4374.277

4653.68
144.82
5812.63
97.45
2677.144
97.45226
5812.626

4317.59
81.21
2199.397
81.20732
4317.588

3546.51
288.63
1917.573
288.631
3546.515

10420.22
81.49
5250.856
81.49117
10420.22

4857.95
122.67
2490.315
122.675
4857.955

4769.75
152.90
2461.325
152.9032
4769.746

5439.65
158.49
2799.072
158.4918
5439.651

3567.11
105.52
1836.316

Mean Ash-

Free TSS
(mg/L)
9.96
38.26
24.10865
9.958677
38.25862

55.63
38.85
47.2412
38.84853
55.63387

53.05
63.22
12.60
17.93
36.70153
12.59921
63.21854

21.73
21.69
21.70806
21.68918
21.72693

35.24
68.41
51.82135
35.23649
68.4062

27.55
2191
24.72931
21.91032
27.54831

25.03
26.79
25.91213
25.03264
26.79161

16.51
17.22
16.86516
16.50964
17.22069

31.07
23.36
27.21783
23.36334
31.07233

20.27
23.02
21.64674

MeanTSS
(mg/L)
14.94
54.51
34.72582
14.93802
54.51362

84.68
56.03
70.35296
56.02928
84.67664

72.91
92.69
33.25
21.73
55.1427
21.72582
92.68674

27.82
41.88
34.85221
27.82306
41.88135

65.42
78.43
71.92481
65.42133
78.42829

32.44
30.51
31.47401
30.50961
32.43841

38.01
38.58
38.29489
38.00691
38.58286

33.02
24.73
28.87659
24.7339
33.01927

39.79
30.61
35.2026
30.61464
39.79057

27.73
29.00
28.36858

Temp (2C)
7.03
20.18
13.605
7.03
20.18

13.85
12.7
13.275
12.7
13.85

7.22
12.39
7.11
9.94
9.165
7.11
12.39

15.37
22.89
19.13
15.37
22.89

11.47
10.09
10.78
10.09
11.47

1111
17.96
14.535
1111
17.96

11.22
17.66
14.44
11.22
17.66

18.6
17.42
18.01
17.42

18.6

20
17.9
18.95
17.9

20

11.66
17.92
14.79

pH

7.46
7.32
7.39
7.32
7.46

5.06
9.35
7.205
5.06
9.35

6.94
7.59
6.47
8.98
7.495
6.47
8.98

7.2
7.68
7.44

7.2
7.68

7.07
9.67
8.37
7.07
9.67

5.61
7.3
6.455
5.61
7.3

7.09
5.93
6.51
5.93
7.09

8.25
7.88
8.065
7.88
8.25

5.67
7.15
6.41
5.67
7.15

7.33
6.665

ORP (mV)
425
417
421
417
425

396
402
399
396
402

457
378
460
418
428.25
378
460

440
402
421
402
440

417
322
369.5
322
417

468
377
422.5
377
468

434
344
389
344
434

478
384
431
384
478

355
414
384.5
355
414

402
409
405.5

SpCond
(uS/cm)
628
59
3435
59
628

90
276
183

90
276

49
42
19
75
46.25
19
75

58
42
50
42
58

426
418
422
418
426

66
53
59.5
53
66

63
50
56.5
50
63

128
98
113
98
128

115
70
92.5
70
115

58
51
54.5

Sal (ppt)
0.32
0.02
0.17
0.02
0.32

0.03
0.13
0.08
0.03
0.13

0.01
0.01
-0.01
0.02
0.0075
-0.01
0.02

0.02
0.01
0.015
0.01
0.02

0.21
0.21
0.21
0.21
0.21

0.02
0.01
0.015
0.01
0.02

0.02
0.01
0.015
0.01
0.02

0.05
0.04
0.045
0.04
0.05

0.05
0.02
0.035
0.02
0.05

0.02
0.01
0.015

TurbSC
(NTU)
39
27.5
15.7
3.9
27.5

15
6.5
10.75
6.5
15

22
6.3
6.9
10.1
11.325
6.3
22

147.9
17
82.45
17
147.9

31
10
6.55
3.1
10

-2.2561
16.7
7.22195
-2.2561
16.7

16.9
20.5
18.7
16.9
20.5

0.1
11.7
5.9
0.1
11.7

0.1
10.3
5.2
0.1
10.3

9.1
19.1
14.1

LDO (%
sat)
71.4
104.7
88.05
71.4
104.7

39.6
51
45.3
39.6
51

76.3
69.2
29.9
25.1
50.125
25.1
76.3

103.6
106.7
105.15
103.6
106.7

33.2
44.9
39.05
33.2
44.9

8.2
42.1
25.15
8.2
42.1

94.2
36.8
65.5
36.8
94.2

74.3
35.3
54.8
35.3
74.3

32.8
32,5
32.65
32,5
32.8

48.4
35.8
42.1

LDO
(mg/L)
8.65
9.55
9.10
8.65
9.55

4.10
5.42
4.76
4.10
5.42

9.22
7.41
3.62
2.84
5.77
2.84
9.22

10.38
9.20
9.79
9.20

10.38

3.62
5.07
4.35
3.62
5.07

0.00
4.00
2.00
0.00
4.00

10.34
3.51
6.93
3.51

10.34

6.95
3.39
5.17
3.39
6.95

2.98
3.09
3.04
2.98
3.09

5.26
3.40
4.33



Site

Haas
Hass

HenryW
HenryW

LongFisher
LongFisher

NorthHighSchool
NorthHighSchool

NorthPublicWorks
NorthPublicWorks

VestalW
VestalW

Zajac
Zajac

ZajacRoad
ZajacRoad

Date

2-Apr-16
5-Dec-16

5-Dec-16
2-Apr-16

6-Dec-16
2-Apr-16

4-Dec-16
2-Apr-16

4-Dec-16
2-Apr-16

5-Dec-16
2-Apr-16

4-Dec-16
2-Apr-16

4-Dec-16
2-Apr-16

Waterbod
y

Wetland
Wetland

Wetland
Wetland

Wetland
Wetland

Wetland
Wetland

Wetland
Wetland

Wetland
Wetland

Wetland
Wetland

Wetland
Wetland

Lat

34.84562
34.844451

34.866677
34.866677

34.87254
34.87254

34.862955
34.862955

34.854651
34.854651

34.824470
34.824470

34.86565
34.86565

34.85373
34.85373

Long

-92.361918
-92.359607

-92.351875
-92.351875

-92.36913
-92.36913

-92.376551
-92.376551

-92.387619
-92.387619

-92.363237
-92.363237

-92.37179
-92.37179

-92.36423
-92.36423

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

Base
Base
Average
Min
Max

TN (mg/L) TP (mg/L)

0.26
0.74

0.88
0.51
0.695
0.51
0.88

0.4
0.61
0.505
0.4
0.61

0.38
0.95
0.665
0.38
0.95

0.25
0.58
0.415
0.25
0.58

0.2
0.71
0.455
0.2
0.71

0.3
0.19
0.245
0.19
0.3

0.24
0.52
0.38
0.24
0.52

0.19
0.49
0.34
0.19
0.49

0.056
0.126

0.13
0.228
0.179

0.13
0.228

0.082
0.098
0.09
0.082
0.098

0.092
0.168
0.13
0.092
0.168

0.056
0.082
0.069
0.056
0.082

0.062
0.086
0.074
0.062
0.086

0.084
0.036
0.06
0.036
0.084

0.064
0.1
0.082
0.064
0.1

0.048
0.07
0.059
0.048
0.07

Nitrate-
nitrite
(mg/L)

0
0.02

0.03
0.02
0.025

0.02
0.03

0.02
0.01
0.02
0.04
0.02
0.04
0.02
0.01

0.02

ooooo ooooo

ooooo

0
0.03
0.015
0
0.03

SRP
(mg/L)
0.018
0.047

0.027
0.037
0.032
0.027
0.037

0.164
0.02
0.092
0.02
0.164

0.014
0.048
0.031
0.014
0.048

0.026
0.031
0.0285
0.026
0.031

0.016
0.026
0.021
0.016
0.026

0.059
0.009
0.034
0.009
0.059

0.023
0.066
0.0445
0.023
0.066

0.067
0.028
0.0475
0.028
0.067

DOC
(mg/L)
8.68
12.25

12.33
9.29
10.81
9.29
12.33

16.32
7.2
11.76
7.2
16.32

10.33
10.42
10.375
10.33
10.42

9.03
12.13
10.58

9.03
12.13

9.72
12.03
10.875
9.72
12.03

13.02
5.86
9.44
5.86

13.02

11.39
12.8
12.095
11.39
12.8

8.01
11.62
9.815

8.01
11.62

Ammoniu
m (mg/L)
0.09
0.12

0.08
0.15
0.115
0.08
0.15

0.11
0.06
0.085
0.06
0.11

0.12
0.12
0.12
0.12
0.12

0.12
0.07
0.095
0.07
0.12

0.13
0
0.065
0
0.13

0.12
0
0.06
0
0.12

0.13
0.05
0.09
0.05
0.13

0.08
0.06
0.07
0.06
0.08

MeanTDS
(mg/L)
105.5247
3567.108

104.90

4429.47
2267.185
104.8989
4429.471

2589.29
144.31
1366.797
144.305
2589.29

9553.26
144.31
4848.785
144.3081
9553.262

2536.36
132.33
1334.346
132.3298
2536.362

4343.96
169.22
2256.589
169.2173
4343.961

3754.59
165.49
1960.043
165.4929
3754.593

4514.60
181.35
2347.975
181.3499
4514.599

3236.80
91.77
1664.283
91.76922
3236.797

Mean Ash-

Free TSS
(mg/L)
20.27401
23.01947

21.30
20.00
20.6494
20
21.2988

23.71
16.73
20.22306
16.7335
23.71262

38.26
44.16
41.20706
38.25862
44.1555

20.00
23.21
21.60397
20
23.20794

9.71
33.36
21.53214
9.70571
33.35857

28.23
15.00
21.61554
15
28.23108

15.47
16.79
16.13117
15.47196
16.79038

18.23
16.59
17.4126
16.59302
18.23218

MeanTSS
(mg/L)
27.73445
29.00271

24.91
2321
24.05959
23.20794
24.91123

45.79
23.52
34.6556
23.52263
45.78857

48.27
52.67
50.4739
48.27447
52.67332

26.57
30.00
28.28323
26.56646
30

12.72
39.92
26.32109
12.71808
39.9241

47.05
20.00
33.52276
20
47.04553

21.05
2191
21.48262
21.05453
21.9107

23.86
20.10
21.97824
20.10101
23.85547

Temp (2C)
11.66
17.92

18.69
7.39
13.04
7.39
18.69

8.89
17.66
13.275
8.89
17.66

12.71
16.56
14.635
12.71
16.56

18.07
19.86
18.965
18.07
19.86

16.36
18.63
17.495
16.36
18.63

8.87
11.7
10.285
8.87
11.7

6.95
20.53
13.74

6.95
20.53

13.19
19.94
16.565
13.19
19.94

pH
6
7.33

6.79
5.22
6.005
5.22
6.79

3.74
6.79
5.265
3.74
6.79

6.4
6.22
6.31
6.22

6.4

7.67
7.34
7.505
7.34
7.67

6.55
6.775
6.55

6.66
8.34
7.5
6.66
8.34

7.52
7.17
7.345
7.17
7.52

7.43
7.1
7.265
7.1
7.43

ORP (mV)
402
409

403
393
398
393
403

460
396
428
396
460

426
366
396
366
426

470
398
434
398
470

454
402
428
402
454

450
401
425.5
401
450

464
395
429.5
395
464

435
333
384
333
435

SpCond
(uS/cm)
51
58

47
72
59.5
47
72

31
32
315
31
32

88
82
85
82
88

182
56
119
56
182

72
73
72.5
72
73

31
36
335
31
36

46
25
35.5
25
46

80
49
64.5
49
80

Sal (ppt)
0.01
0.02

0.01
0.02
0.015
0.01
0.02

ooooo

0.03
0.03
0.03
0.03
0.03

0.08
0.01
0.045
0.01
0.08

0.02
0.02
0.02
0.02
0.02

ooooo

0.01

0.005

0.01

0.03
0.01
0.02
0.01
0.03

TurbSC
(NTU)
9.1
19.1

16
16.4
16.2

16
16.4

11.7
15.5
13.6
11.7
15.5

-2.2568
38.9
18.3216
-2.2568
38.9

0.1
21.4
10.75
0.1
21.4

426
16.7
221.35
16.7
426

10.6
125
11.55
10.6
12.5

115
47.9
29.7
115
47.9

1618
17.2
817.6
17.2
1618

LDO (%
sat]
35.8
48.4

44.7
55.9
50.3
44.7
55.9

30.9
81.1
56
309
81.1

3.22
519
27.56
3.22
51.9

50.6
78.5
64.55
50.6
78.5

103.4
140.1
121.75
103.4
140.1

48.1
64.3
56.2
48.1
64.3

22,6
103.1
62.85

22.6
103.1

102.1
72.4
87.25
72.4
102.1

LDO
(mg/L)
3.40
5.26

4.19
6.72
5.46
4.19
6.72

3.59
7.75
5.67
3.59
7.75

0.10
5.08
2.59
0.10
5.08

4.78
7.18
5.98
4.78
7.18

10.14
13.12
11.63
10.14
13.12

5.58
7.00
6.29
5.58
7.00

2.75
9.30
6.03
2.75
9.30

10.82
6.61
8.72
6.61

10.82



Stream Baseflow Summary

Site

Ballfields
Ballfields
Ballfields
Ballfields

Banaszak
Banaszak
Banaszak
Banaszak

BurnsPark
BurnsPark
BurnsPark
BurnsPark

DogPark
DogPark
DogPark
DogPark

GolfCourse
GolfCourse
GolfCourse
GolfCourse

Henry
Henry
Henry
Henry

PumpStatic
PumpStatic
PumpStatic
PumpStatic

Date

16-Jan-16
22-Oct-16
9-Jun-16
9-Dec-16

16-Jan-16
22-Oct-16
9-Jun-16
9-Dec-16

16-Jan-16
22-Oct-16
9-Jun-16
9-Dec-16

16-Jan-16
22-Oct-16
9-Jun-16
9-Dec-16

16-Jan-16
22-Oct-16
9-Jun-16
9-Dec-16

16-Jan-16
22-Oct-16
9-Jun-16
9-Dec-16

16-Jan-16
22-Oct-16
9-Jun-16
9-Dec-16

Waterbod
y

Stream
Stream
Stream
Stream

Stream
Stream
Stream
Stream

Stream
Stream
Stream
Stream

Stream
Stream
Stream
Stream

Stream
Stream
Stream
Stream

Stream
Stream
Stream
Stream

Stream
Stream
Stream
Stream

Lat

34.84611
34.84611
34.84611
34.84611

34.88532
34.88532
34.88532
34.88532

34.80231
34.80231
34.80231
34.80231

34.85177
34.85177
34.85177
34.85177

34.84334
34.84334
34.84334
34.84334

34.8662
34.8662
34.8662
34.8662

34.81342
34.81342
34.81342
34.81342

Long

-92.3804
-92.3804
-92.3804
-92.3804

-92.3517
-92.3517
-92.3517
-92.3517

-92.3269
-92.3269
-92.3269
-92.3269

-92.3941
-92.3941
-92.3941
-92.3941

-92.3941
-92.3941
-92.3941
-92.3941

-92.351
-92.351
-92.351
-92.351

-92.3422
-92.3422
-92.3422
-92.3422

Flow
base
base
base
base
average

min

max

base
base
base
base
average
min
max

base
base
base
base
average
min
max

base
base
base
base
average
min
max

base
base
base
base
average
min
max

base
base
base
base
average
min
max

base
base
base
base

TN (mg/L) TP (mg/L)

0.55
0.51
1.47
0.5
0.7575
0.5
1.47

0.43
1.15
1.07
0.59
0.81
0.43
1,15

0.39
0.94
0.91
1.36
0.9
0.39
1.36

0.25
0.32
0.43
0.39
0.3475
0.25
0.43

0.59
0.58
0.84
0.57
0.645
0.57
0.84

0.16
0.75
1.01
0.61
0.6325
0.16
1.01

0.33
0.41
0.79
0.28

0.07
0.06
0.132
0.061
0.08075
0.06
0.132

0.052
0.232
0.152
0.102
0.1345
0.052
0.232

0.037
0.077
0.07
0.061
0.06125
0.037
0.077

0.04
0.046
0.04
0.027
0.03825
0.027
0.046

0.082
0.073
0.094
0.066
0.07875
0.066
0.094

0.04
0.144
0.108

0.08
0.093

0.04
0.144

0.046
0.079
0.054
0.053

Nitrate-
nitrite
(mg/L)

0.03
0
0

0.01

0.01
0

0.03

0.17
0
0.28
0.01
0.115
0
0.28

0.13
0.35
0.05
0.52
0.2625
0.05
0.52

0.01
0
0
0.04
0.0125
0
0.04

0.18
0
0.03
0.13
0.085
0
0.18

0.04
0
0
0

0.01

0.04

0.16
0.08
0.48
0.06

SRP
(mg/L)
0.03
0.013
0.023
0.026
0.023
0.013
0.03

0.02
0.024
0.063
0.056

0.04075

0.02

0.063

0.015
0.039
0.019
0.036
0.02725
0.015
0.039

0.013
0.013
0.007
0.013
0.0115
0.007
0.013

0.04
0.009
0.042
0.033
0.031
0.009
0.042

0.006
0.011
0.025
0.05
0.023
0.006
0.05

0.016
0.044
0.024
0.026

Ammoniu MeanTDS

m (mg/L)
NA
0.04
0.1
0.04
0.06
0.04
0.1

NA
0.04
0.23
0.03

0.1
0.03
0.23

NA
0.05
0.09
0.15

0.096667
0.05
0.15

NA
0.03
0.03
0.03
0.03
0.03
0.03

NA
0.03
0.19
0.06

0.093333
0.03
0.19

NA

0.07
0.03
0.033333

0.07

NA
0.02
0.09
0.03

(mg/L)
45.86
481.4605
290.94
326.3586
286.1548
45.86
481.4605

51.19
97.13539
149.285
140.3752
109.4964
51.19
149.285

89.26
115.2618
333.721
144.6382
170.7203
89.26
333.721

158.62
235.8248
305.828
156.0812
214.0885
156.0812
305.828

193.63
153.0111
156.629
134.9914
159.5654
134.9914
193.63

41.64
87.5446
190.765
111.6172
107.8917
41.64
190.765

284.32
147.9043
477.978
148.2865

Mean Ash-

Free TSS
(mg/L)
43.56
27.45315
38.1951
4.219245
28.35687
4.219245
43.56

22.83
129.3518
60.4466
4.79142
54.35495
4.79142
129.3518

12.38
20.9746
25
6.392716
16.18683
6.392716
25,

14.08
17.89242
32.2548
1.44225
16.41737
1.44225
32.2548

34.76
11.65695
21.0545
4.424672
17.97403
4.424672
34.76

15.47
29.67432
18.8207
10.55526
18.63007
10.55526
29.67432

12.33
12.38834
32.183
3.889939

MeanTSS
(mg/L)
22.83
30.99306
56.3684
7.047299
29.30969
7.047299
56.3684

12.38
145.1713
71.1863
7.98957
59.18178
7.98957
145.1713

43.56
29.4783
31.5818

8.545317

28.29135

8.545317
43.56

34.76
24.27646
37.2479
3.15818
24.86064
3.15818
37.2479

14.08
15.38978
30
7.967315
16.85927
7.967315
30

14.75
33.60788
29.2402
20.26319
24.46532
14.75
33.60788

14.66
14.43236
36.1025
6.036811

Temp (2C)
7.09
17.45
26.19
6.11
14.21
6.11
26.19

7.7
11.7
20.25
4.13
10.945
4.13
20.25

9.35
12.79
29.32

3.46
13.73

3.46
29.32

7.5
15.44
24.61

5.88
13.3575
5.88
24.61

8.28
17.84
26.45

5.3
14.4675
53
26.45

8.08
15.03
21.62

4.68

12.3525

4.68

21.62

7.3
15.33
24.34

4.08

pH
5.82
7.2
6.45
8
6.8675
5.82
8

5.8
5.44
6.4
6.6
6.06
5.44
6.6

6.4
6.2
8.16
6.9
6.915
6.2
8.16

6.46
6.33
7.42
7.8
7.0025
6.33
7.8

6.28
6.25
7.36
7
6.7225
6.25
7.36

6.86
5.54
7.64
7.6
6.91
5.54
7.64

6.94
6.5
7.67
8

ORP (mV)
466
421
387

NA

424.6667
387
466

486
448
464
NA
466
448
486

471
468
380
NA
439.6667
380
471

462
444
435
NA
447
435
462

468
422
407
NA
432.3333
407
468

498
432
474
NA
468
432
498

449
413
388
NA

SpCond
(uS/em)
44
526
118
225
228.25
44
526

68
73
80
169
97.5
68
169

125
140
211
184
165
125
211

177
207
257
217
214.5
177
257

137
179
154
146
154
137
179

35
74
66
73
62
B5]
74

193
199
438
228

Sal (ppt)
0.01
0.27
0.05

NA
0.11
0.01
0.27

0.02
0.02
0.03
NA
0.023333
0.02
0.03

0.05
0.06
0.1
NA
0.07
0.05
0.1

0.08
0.1
0.12
NA
0.1
0.08
0.12

0.06
0.08
0.07
NA
0.07
0.06
0.08

0
0.02
0.02

NA
0.013333

0

0.02

0.09

0.09

0.22
NA

TurbsC
(NTU)
35.7
7.1
18.3
7.4
17.125
7.1
35.7

19.2
66.4
60
8.4
38.5
8.4
66.4

9.8
18.7
13.2

7.6

12.325

7.6

18.7

13.4
6
6.7
5
7.775
5
13.4

21.3
9.4
10.5
6.3
11.875
6.3
23

10.6
22,5
17.9
15.7
16.675
10.6
22.5

12
10.7
13.8

5.5

LDO (%
sat)
77.9
59.7
18.3
84.4

60.075
18.3
84.4

95.9
26.4
43.8
22.1
47.05
221
95.9

95
52.6
107.5
86.5
85.4
52.6
107.5

95.4
18
115
58.8
45.925
115
95.4

97.4

48.3

47.4

62.7
63.95
47.4

97.4

20
2.6
47.8
29
42.35
2.6
90

923
72
90.5
94

LDO
(mg/L)
8.69
5.72
1.48
10.44
6.5825
1.48
10.44

10.53
2.87
3.96
2.88
5.06
2.87

10.53

10.02
5.58
8.22
11.45
8.8175
5.58
11.45

10.52
1.8
0.96
7.35
51575
0.96
10.52

10.54
4.59
3.81
7.94
6.72
3.81

10.54

9.79
0.26
4.21
3.41
4.4175
0.26
9.79

10.23
7.21
7.56

12.32



Waterbod
Site Date y

Sharkey 16-Jan-16 Stream
Sharkey 22-Oct-16 Stream
Sharkey 9-Jun-16 Stream
Sharkey 9-Dec-16 Stream

ShortMarcl 16-Jan-16 Stream
ShortMarcl 22-Oct-16 Stream
ShortMarcl  9-Jun-16 Stream
ShortMarcl 9-Dec-16 Stream

Vestal 16-Jan-16 Stream
Vestal 22-Oct-16 Stream
Vestal 9-Jun-16 Stream
Vestal 9-Dec-16 Stream

Lat

34.87735
34.87735
34.87735
34.87735

34.83819
34.83819
34.83819
34.83819

34.82485
34.82485
34.82485
34.82485

Long

-92.3871
-92.3871
-92.3871
-92.3871

-92.3551
-92.3551
-92.3551
-92.3551

-92.3675
-92.3675
-92.3675
-92.3675

Flow
average
min
max

base
base
base
base
average
min
max

base
base
base
base
average
min
max

base
base
base
base
average
min
max

TN (mg/L) TP (mg/L)

0.4525
0.28
0.79

0.33
0.46
0.68
0.37
0.46
0.33
0.68

0.24
0.73
0.6
0.6
0.5425
0.24
0.73

0.29
0.38
0.45
0.44
0.39
0.29
0.45

0.058
0.046
0.079

0.042
0.212
0.046
0.133
0.10825
0.042
0.212

0.028
0.09
0.08

0.086

0.071

0.028
0.09

0.05
0.077
0.038
0.064

0.05725
0.038
0.077

Nitrate-
nitrite
(mg/L)

0.195
0.06
0.48

0.11
0.24
0.12
0.12
0.1475
0.11
0.24

0.1
0
0
0
0.025
0
0.1

0.01
0.01
0.11
0.05
0.045
0.01
0.11

SRP Ammoniu
(mg/L)  m(mg/L)
0.0275 0.046667
0.016 0.02
0.044 0.09
0.013 NA
0.136 0.03
0.011 0.08
0.088 0.02
0.062 0.043333
0.011 0.02
0.136 0.08

0.01 NA

0.02 0.15

0.03 0.22
0.029 0.03

0.02225 0.133333

0.01 0.03

0.03 0.22

0.02 NA
0.043 0.02

0.01 0.08

0.03 0.03

0.02575 0.043333

0.01 0.02

0.043 0.08

MeanTDS
(mg/L)
264.6222
147.9043
477.978

155.91
448.6286
303.147
285.0426
298.1821
155.91
448.6286

51.27
100.8048
331.411
94
1443714
51.27
331.411

247.91
191.5973
374.885
206.0136
255.1015
191.5973
374.885

Mean Ash-

Free TSS
(mg/L)
15.19782
3.889939
32.183

14.66
10.87205
20
5.229322
12.69034
5.229322
20

14.75
17.85924
13.1037
4.04124
12.43855
4.04124
17.85924

18.09
13.97308
66.6111
6.301704
26.24397
6.301704
66.6111

MeanTSS
(mg/L)
17.80792
6.036811
36.1025

18.09
11.52079
25.5436
7.488872
15.66081
7.488872
25.5436

12.33
21.9888
20
9.49122
15.95251
9.49122
21.9888

15.47
17.56089
73.2828
8.663501
28.7443
8.663501
73.2828

Temp (2C)

12.7625
4.08
24.34

7.72
17.04
24.77

4.51
1351

4.51
24.77

8.24
14.02
22.82

4.92

12,5

4.92
22.82

7.99
14.62
24.1
4.28
12.7475
4.28
24.1

pH
7.2775
6.5
8

6.38
6.99
8.41
7.8
7.395
6.38
8.41

8.41
5.49
6.08
6.8
6.695
5.49
8.41

8.91
6.46
7.4
7
7.4425
6.46
8.91

ORP (mV)
416.6667
388
449

477
425
444
NA
448.6667
425
477

517
456
499
NA
490.6667
456
517

462
422
389
NA
424.3333
389
462

SpCond
(nS/em)
264.5
193
438

201
527
358
408
373.5
201
527

45
89
101
87
80.5
45
101

323
279
571
304
369.25
279
571

Sal (ppt)
0.133333
0.09
0.22

0.09
0.27
0.18
NA
0.18
0.09
0.27

0.01
0.03
0.04
NA
0.026667
0.01
0.04

0.16
0.13
0.29
NA
0.193333
0.13
0.29

TurbsC
(NTU)
10.5
55
13.8

15.2
8.1
11.8
9
11.025
8.1
152

10.8
16.2
8.9
7.1
10.75
7.1
16.2

10.8
11.7
12.7
7.8
10.75
7.8
12.7

LDO (%
sat)
87.2

72
94

104.8
64.5
82.7

91

85.75
64.5

104.8

95.4
22.7
7.4
20.6
36.525
7.4
95.4

85.4
60.3
92.2
74.9
78.2
60.3
92.2

LDO
(mg/L)
9.33
7.21
12.32

115
6.22
6.86
11.76
9.085
6.22
11.76

10.34
2.34
0.64
2.63

3.9875
0.64
10.34

9.31
6.13
7.73
9.86
8.2575
6.13
9.86



WOB Data
Fixed Abundance
Subfraction (> |Subsample (accounts for Size
Year Season Date Site Habitat Replication or<1) (fraction) Order Family Genus Abundance subsampling) FFG Class*
2015 Summer  17-Jul  Country Clut 1 >1 12 Coleoptera Dytiscidac (adult) 1 2
2015 Summer  17-Jul  Country Clut 1 >1 12 Coleoptera Haliplidac (larvac) 2 4 SH
2015 Summer  17-Jul  Country Clut 1 >1 12 Diptera Ceratopogonidae 2 4
2015 Summer  17-Jul Country Clut 1 >1 12 Diptera Chironomidac Tanypodinac 1 2
2015 Summer 17-Jul Country Clut 1 >1 172 Diptera Chironomidae Non-Tanypodinae 22 44
2015 Summer  17-Jul  Country Clut 1 >1 12 Diptera Culicidac 1 2 Least Impaired
2015 Summer 17-Jul Country Clut 1 >1 172 Hemiptera Corixidae 20 40
2015 Summer  17-Jul  Country Clut 1 >1 12 Hemiptera Mesoveliidae (instar) 5 10 _
2015 Summer 17-Jul Country Clut 1 >1 172 Oligochaeta 12 24
2015 Summer  ISJul  Haas 1 =1 12 Acariformes Hydrachnida 3 6 SH= shredder
2015 Summer  15Jul  Haas 1 >1 12 Amphipoda Dogielinotidae Hyalella 27 54 _
2015 Summer  ISJul  Haas 1 >1 112 Coleoptera Hydrophilidae (larvac) 1 2
2015 Summer 15-Jul Haas 1 >1 12 Coleoptera Noteridae (adult) 1 2
2015 Summer  ISJul  Haas 1 >1 12 Coleoptera Noteridac (larvac) 1 2 Relevant notes to help
2015 Summer 15-Jul Haas 1 >1 12 Decapoda Palaemonidae 3 6 SH understanding will be
2015 Summer  ISJul  Haas 1 >1 12 Diptera Ceratopogonida 9 18 written in italics and
2015 Summer  15-Jul  Haas 1 >1 12 Diptera Chaoboridae 59 18 denoted with an "*"
2015 Summer  ISJul  Haas 1 =1 12 Diptera Chironomidac Tanypodinac 63 126
2015 Summer  ISJul  Haas 1 >1 112 Diptera Chironomidac Non-Tanypodinac 108 216
2015 Summer 15-Jul Haas 1 >1 12 Hemiptera Nepidae 1 2
2015 Summer  ISJul  Haas 1 =1 12 Hemiptera Pleidac 1 2 *Size Class for 2015 data was not recorded
2015 Summer 15-Jul Haas 1 >1 12 Odonata Coenagrionidae 2 4
2015 Summer  ISJul  Haas 1 >1 12 Odonata Corduliidac 5 10
2015 Summer  ISJul  Haas 1 =1 12 Oligochacta 1 2
2015 Summer  ISJul  Haas 1 >1 12 Ostracoda 1 2
2015 Summer  ISJul  Haas SAV 1 =1 174 Acariformes Hydrachnida 21 84
2015 Summer  ISJul  Haas SAV 1 =1 14 Amphipoda Talitridac 84 336
2015 Summer  ISJul  Haas SAV 1 =1 174 Coleoptera Haliplidac (adult) 1 4 SH
2015 Summer  15-Jul  Haas SAV 1 >1 14 Coleoptera Noteridae (adulf) 4 16 .
2015 Summer  ISJul  Haas SAV 1 =1 174 Coleoptera Hydrophilidac (adult) 2 8
2015 Summer  ISJul  Haas SAV 1 =1 14 Coleoptera Hydrophilidac (larvac) 5 20
2015 Summer  ISJul  Haas SAV 1 =1 174 Coleoptera Noteridae (larvac) 3 12
2015 Summer  ISJul  Haas SAV 1 =1 14 Decapoda Palacmonidac 3 12 SH
2015 Summer  ISJul  Haas SAV 1 =1 174 Diptera Ceratopogonidac 25 100
2015 Summer  ISJul  Haas SAV 1 =1 14 Diptera Chironomidac Tanypodinac 24 9%
2015 Summer  ISJul  Haas SAV 1 =1 174 Diptera Chironomidac Non-Tanypodinac 141 564
2015 Summer  ISJul  Haas SAV 1 =1 14 Diptera Culicidac 2 8
2015 Summer  ISJul  Haas SAV 1 =1 174 Diptera Stratiomyidac 1 4
2015 Summer  ISJul  Haas SAV 1 =1 174 Diptera Tabanidac 2 8
2015 Summer  ISJul  Haas SAV 1 =1 174 Hemiptera Belostomatidac 2 8
2015 Summer  ISJul  Haas SAV 1 =1 174 Hemiptera Mesoveliidae (instar) 3 12
2015 Summer  ISJul  Haas SAV 1 =1 174 Hemiptera Notonectidac 1 44
2015 Summer  ISJul  Haas SAV 1 =1 174 Hemiptera Pleidac 1 4
2015 Summer  ISJul  Haas SAV 1 =1 174 Odonata Coenagrionidac 3 12
2015 Summer  ISJul  Haas SAV 1 >1 174 Odonata Corduliidac 1 4
2015 Summer  ISJul  Haas SAV 1 >1 174 Odonata Libellulidac 25 100
2015 Summer  ISJul  Haas SAV 1 >1 174 Ostracoda 7 28
2015 Summer  ISJul  Haas SAV 1 =1 174 Rhynchobdellidie  Glossiphonidac 2 8
2015 Summer  ISJul  Harb 1 =1 12 Decapoda Palacmonidac 3 6 SH
2015 Summer  ISJul  Harb 1 =1 12 Diptera Ceratopogonidac 35 70
2015 Summer  ISJul  Harb 1 =1 12 Diptera Chaoboridae 12 24
2015 Summer  ISJul  Harb 1 =1 12 Diptera Chironomidac Tanypodinac 66 132
2015 Summer  ISJul  Harb 1 =1 12 Diptera Chironomidac Non-Tanypodinac 13 26
2015 Summer  ISJul  Harb 1 =1 12 Hemiptera Corixidac 85 170
2015 Summer  ISJul  Harb 1 >1 12 Hygrophila Planorbidac Ancylini 1 2
2015 Summer  ISJul  Harb 1 >1 12 Odonata Libellulidac 1 2
2015 Summer  ISJul  Harb 1 =1 12 Oligochacta 5 10
2015 Summer  ISJul  Harb SAV 1 =1 1 Acariformes Hydrachnida 17 17
2015 Summer  ISJul  Harb SAV 1 =1 1 Amphipoda Talitridac 25 25
2015 Summer 15-Jul Harb SAV 1 >1 1 Coleoptera Dytiscidae (adult) 1 1
2015 Summer  ISJul  Harb SAV 1 =1 1 Coleoptera Haliplidac (adult) 3 3 SH
2015 Summer  15Jul  Harb SAV 1 >1 1 Coleoptera Noteridae (adult) 1 1 -
2015 Summer  ISJul  Harb SAV 1 >1 1 Coleoptera Noteridac (larvac) 3 3
2015 Summer 15-Jul Harb SAV 1 >1 1 Decapoda Palaemonidae 2 2 SH
2015 Summer  ISJul  Harb SAV 1 =1 1 Diptera Ceratopogonidae 63 63
2015 Summer 15-Jul Harb SAV 1 >1 1 Diptera Chironomidae Tanypodinae 50 50
2015 Summer  ISJul  Harb SAV 1 >1 1 Diptera Chironomidac Non-Tanypodinac 89 89
2015 Summer 15-Jul Harb SAV 1 >1 1 Diptera Culicidae 2 2
2015 Summer  ISJul  Harb SAV 1 >1 1 Diptera Stratiomyidac 13 13
2015 Summer 15-Jul Harb SAV 1 >1 1 Ephemeroptera Bactidae 53 53
2015 Summer  ISJul  Harb SAV 1 >1 1 Hemiptera Belostomatidae 3 3
2015 Summer 15-Jul Harb SAV 1 >1 1 Hemiptera Corixidae 48 48
2015 Summer  ISJul  Harb SAV 1 >1 1 Hemiptera Notonectidae 3 3
2015 Summer  15Jul  Harb SAV 1 >1 1 Hygrophila Physidac 1 1
2015 Summer  ISJul  Harb SAV 1 >1 1 Hygrophila Planorbidac 1 1
2015 Summer 15-Jul Harb SAV 1 >1 1 Odonata Aeshnidae 1 1
2015 Summer  ISJul  Harb SAV 1 >1 1 Odonata Gomphidae 1 1
2015 Summer 15-Jul Harb SAV 1 >1 1 Odonata Libellulidae 15 15
2005 Summer  15-Jul 1 >1 1 Oligochacta 3 3
2015 Summer  17-Jul  Long Fisher 1 >1 12 Amphipoda Dogielinotidac Hyalella 1 2
2015 Summer  17-ul  Long Fisher 1 >1 12 Coleoptera Hydrophilidac (larvac) 1 2
2015 Summer 17-Jul Long Fisher 1 >1 12 Diptera Ceratopogonidae 3 6
2015 Summer  17-ul  Long Fisher 1 >1 12 Diptera Chaoboridae 1 2
2015 Summer 17-Jul Long Fisher 1 >1 172 Diptera Chironomidae Tanypodinae 29 58
2015 Summer  17-ul  Long Fisher 1 >1 12 Diptera Chironomidae Non-Tanypodinac 100 200
2015 Summer 17-Jul Long Fisher 1 >1 12 Ephemeroptera Bactidae 2 4
20015 Summer  17-Jl  Long Fisher 1 >1 12 Hemiptera Corixidac %0 180
2015 Summer 17-Jul Long Fisher 1 >1 12 Hemiptera Veliidae 1 2
2015 Summer  17-ul  Long Fisher 1 >1 12 Odonata Aeshnidac 1 2
2015 Summer 17-Jul Long Fisher 1 >1 12 Odonata Corduliidae 1 2
2015 Summer  17-ul  Long Fisher 1 >1 12 Oligochacta 5 10
2015 Summer  17-Jul  Long Fisher 1 >1 1 Amphipoda Crangonyctidac Crangonyx 2 2
2015 Summer  17-Jul  Long Fisher SAV 1 >1 1 Amphipoda Dogielinotidac Hyalella 5 5
2015 Summer 17-Jul Long Fisher SAV 1 >1 1 Coleoptera Hydrophilidae (larvae) 8 8
2015 Summer  17-Jul  Long Fisher SAV 1 >1 1 Collembola 1 1
2015 Summer 17-Jul Long Fisher SAV 1 >1 1 Decapoda Palaemonidae 1 1 SH.
2015 Summer  17-Jul  Long Fisher SAV 1 51 1 Diptera Chironomidae Tanypodinac 37 37
2015 Summer 17-Jul Long Fisher SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 27 27
2015 Summer  17-Jul  Long Fisher SAV 1 >1 1 Diptera Tabanidac 1 1
2015 Summer 17-Jul Long Fisher SAV 1 >1 1 Hemiptera Belostomatidae 1 1
2015 Summer  17-Jul  Long Fisher SAV 1 >1 1 Hemiptera Corixidac 5 5
2015 Summer 17-Jul Long Fisher SAV 1 >1 1 Hemiptera Mesoveliidae (instar) 1 1
2015 Summer  17-Jul  Long Fisher SAV 1 >1 1 Mantodea 1 1
2015 Summer 17-Jul Long Fisher SAV 1 >1 1 Odonata Corduliidae 1 1
2015 Summer  17-Jul  Long Fisher SAV 1 51 1 Oligochacta 4 4
2015 Summer  15-Jul  Zajac 1 >1 1 Diptera Ceratopogonidac 4 4
2005 Summer  1SJul  Zajac 1 >1 1 Diptera Chaoboridae 2 2
2015 Summer  15-Jul  Zajac 1 >1 1 Diptera Chironomidac Tanypodinac 10 10
2015 Summer  1SJul  Zajac 1 B 1 Diptera Chironomidac Non-Tanypodinac 21 21
2015 Summer 15-Jul Zajac SAV 1 >1 12 Acariformes Hydrachnida 2 4
2015 Summer  1SJul  Zajac SAV 1 >1 12 Amphipoda Crangonyctidae Crangonyx 15 30
2015 Summer 15-Jul Zajac SAV 1 >1 12 Amphipoda Talitridae 125 250 *Zajac Rd DET needed
2015 Summer  1SJul  Zajac SAV 1 >1 12 Coleoptera Dytiscidac (adult) 1 2
2015 Summer  15-Jul  Zajac SAV 1 >1 12 Coleoptera Hydrophilidac (larvac) 3 6
2015 Summer  1SJul  Zajac SAV 1 >1 12 Decapoda Palacmonidac 5 10 SH
2015 Summer  15-Jul  Zajac SAV 1 >1 12 Diptera Chironomidace Tanypodinae 17 34
2015 Summer  1SJul  Zajac SAV 1 >1 12 Diptera Chironomidac Non-Tanypodinac 43 86
2015 Summer 15-Jul Zajac SAV 1 >1 12 Diptera Culicidae 1 2
2015 Summer 1SJul  Zajac SAV 1 >1 12 Ephemeroptera Cacnidae 5 10




WOB i Data
Fixed Abundance
Subfraction (> |Subsample (accounts for Size

Year  |Season  |Date Site Habitat | Replication or<1) (fraction) Order Family Genus ‘Abund:nce subsampling) FFG | Class*
2015 Summer 15-Jul 1 >1 12 Hemiptera Corixida 17 34
2015 Summer 15-Jul 1 >1 172 Hemiptera Hydrometridae 1 2
2015 Summer  15-Jul 1 =1 12 Hemiptera Mesoveliidac (instar) 1 2
2015 Summer  15-Jul 1 >1 12 Hemiptera Nepidac 3 6
2015 Summer 15-Jul 1 =1 12 Hemiptera Pleidac 1 2
2015 Summer  15-Jul 1 >1 12 Hygrophila Physidac 1 2
2015 Summer 15-Jul 1 =1 12 Odonata Gomphidac 1 2
2015 Summer  15-Jul 1 >1 12 Odonata Libellulidac 3 6
2015 Summer 15-Jul 1 =1 12 Rhynchobdellidac  Gilossiphonidac 1 2
2015 Summer 15-Jul 1 >1 12 Acariformes Hydrachnida 1 2
2015 Summer 15-Jul 1 >1 12 Amphipoda Dogielinotidac Hyalella 1 2
2015 Summer  15-Jul 1 >1 12 Coleoptera Dytiscidae (adult) 1 2
2015 Summer 15-Jul 1 >1 12 Coleoptera Hydraenidae (adult) 1 2
2015 Summer  15-Jul 1 >1 12 Coleoptera Hydrophilidac (adult) 2 4
2015 Summer 15-Jul 1 >1 12 Coleoptera Hydrophilidac (larvac) 4 8
2015 Summer  15-Jul 1 >1 12 Coleoptera Noteridae (adult) 2 4
2015 Summer 15-Jul 1 >1 12 Coleoptera Noteridae (larvac) 1 2
2015 Summer  15-Jul 1 >1 12 Diptera Ceratopogonidae 9 18
2015 Summer 15-Jul 1 >1 12 Diptera Chaoboridac 1 2
2015 Summer 15-Jul 1 >1 12 Diptera Chironomidae Tanypodinae 97 194
2005 Summer  15-Jul 1 >1 12 Diptera Chironomidac Non-Tanypodinac 118 236
2015 Summer 15-Jul 1 >1 12 Diptera Tabanidae 1 2
2015 Summer 15-Jul 1 >1 12 Hemiptera Belostomatidae 4 8
2015 Summer 15-Jul 1 >1 12 Hemiptera Corixidae 2 4
2015 Summer 15-Jul 1 >1 12 Hemiptera Mesoveliidac 7 14
2015 Summer 15-Jul 1 >1 12 Odonata Coenagrionidae 2 4
2015 Summer 15-Jul 1 1 12 Ostracoda 9 18
2015 Summer  16-Jul 1 >1 1 Coleoptera Dytiscidae (adult) 1 1
2005 Summer  16-Jul 1 >1 1 Coleoptera Dytiscidae (larvac) 4 4
2015 Summer  16-Jul 1 >1 1 Coleoptera Haliplidac (adult) 7 7 SH
2015 Summer  16-Jul 1 >1 1 Coleoptera Haliplidac (larvac) 2 2 SH
2015 Summer  16-Jul 1 >1 1 Coleoptera Noteridae (adult) 2 2 -
2005 Summer  16-Jul 1 >1 1 Coleoptera Noteridae (larvac) 3 3
2015 Summer 16-Jul 1 >1 1 Decapoda Palaemonidae 1 1 SH
2015 Summer  16-Jul 1 >1 1 Hemiptera Belostomatidae 1 1
2015 Summer 16-Jul 1 >1 1 Hemiptera Corixidae 10 10
2005 Summer  16-Jul 1 >1 1 Hemiptera Mesoveliidac (instar) 6 6
2015 Summer 16-Jul 1 >1 1 Odonata Coenagrionidae 7 7
2005 Summer  16-Jul 1 >1 1 Oligochacta 7 7
2015 Summer 16-Jul 1 >1 12 Acariformes Hydrachnida 1 2
2015 Summer  16-Jul 1 1 1”2 Coleoptera Cureulionidae (aduli 1 2 SH
2015 Summer  16-Jul 1 >1 12 Coleoptera Dytiscidae (adult) 1 2
2005 Summer  16-Jul 1 1 12 Coleoptera Dytiscidae (larvac) 16 3
2015 Summer  16-Jul 1 >1 12 Coleoptera Gyrinidac (larvac) 1 2
2015 Summer  16-Jul 1 >1 12 Coleoptera Hydrophilidae (adult) 3 6
2015 Summer  16-Jul 1 >1 12 Coleoptera Hydrophilidac (larvac) 9 18
2015 Summer  16-Jul 1 >1 12 Coleoptera Noteridae (adult) 5 10
2015 Summer  16-Jul 1 >1 12 Coleoptera Noteridac (larvae) 10 20
2015 Summer  16-Jul 1 >1 12 Diptera Ceratopogonidae 31 62
2015 Summer 16-Jul 1 >1 12 Diptera Chironomidae Tanypodinae 5 10
2015 Summer  16-Jul 1 1 1”2 Diptera Chironomidac Non-Tanypodinac 14 28
2015 Summer 16-Jul 1 =1 12 Diptera Culicidae 3 6
2015 Summer  16-Jul 1 B 12 Diptera Stratiomyidac 15 30
2015 Summer 16-Jul 1 >1 172 Diptera Tabanidae 8 16
2005 Summer  16-Jul 1 B 1”2 Ephemeroptera  Bactidae 6 12
2015 Summer 16-Jul 1 >1 12 Hemiptera Belostomatidae 9 18
2015 Summer  16-Jul 1 >1 1”2 Hemiptera Corixidae 1 2
2015 Summer  16-Jul 1 >1 12 Hemiptera Mesoveliidac (instar) 2 4
2015 Summer  16-Jul 1 1 12 Hemiptera Veliidae 1 2
2015 Summer  16-Jul 1 >1 12 Hygrophila Lymnacidae 12 24
2015 Summer  16-Jul 1 1 12 Hygrophila Physidac 5 10
2015 Summer  16-Jul 1 >1 12 Hygrophila Planorbidac 2 4
2015 Summer  16-Jul 1 >1 1”2 Odonata Cocnagrionidac 33 66
2015 Summer 16-Jul 1 >1 12 Odonata Corduliidae 18 36
2015 Summer  16-Jul 1 B 1”2 Odonata Gomphidac 1 2
2015 Summer  16-Jul 1 >1 12 Rhynchobdellidic  Glossiphonidac 4 8
2005 Summer  16-Jul 1 >1 12 Amphipoda Crangonyctidie  Crangonyx 3 6
2015 Summer  16-Jul 1 >1 12 Coleoptera Hydrophilidac (larvac) 3 6
2005 Summer  16-Jul 1 >1 12 Diptera Chaoboridac 2 4
2015 Summer 16-Jul 1 >1 12 Diptera Chironomidae Tanypodinae 49 98
2005 Summer  16-Jul 1 >1 12 Diptera Chironomidac Non-Tanypodinac 137 274
2015 Summer 16-Jul 1 >1 12 Diptera Tabanidae 3 6
2005 Summer  16-Jul 1 >1 12 Hemiptera Corixidac 6 12
2015 Summer  16-Jul 1 >1 12 Hemiptera Mesoveliidac (instar) 1 2
2005 Summer  16-Jul 1 >1 12 Hemiptera Veliidae 1 2
2015 Summer 16-Jul 1 >1 12 Odonata Aeshnidae 1 2
2005 Summer  16-Jul 1 >1 12 Odonata Cocnagrionidac 1 2
2015 Summer 16-Jul 1 >1 12 Odonata Corduliidae 5 10
2015 Summer  16-Jul 1 >1 12 Oligochacta 1 2
2015 Summer 16-Jul 1 >1 12 Ostracoda 1 2
2005 Summer  16-Jul 1 >1 12 Amphipoda Gammaridae 21 42
2015 Summer  16-Jul 1 >1 12 Coleoptera Dytiscidae (larvac) 1 2
2005 Summer  16-Jul 1 >1 12 Coleoptera Noteridae (larvac) 1 2
2015 Summer 16-Jul 1 >1 12 Diptera Chironomidae Tanypodinae 25 50
2005 Summer  16-Jul 1 >1 12 Diptera Chironomidac Non-Tanypodinac 41 82
2015 Summer 16-Jul 1 >1 12 Hemiptera Gerridae 1 2
2005 Summer  16-Jul 1 >1 12 Odonata Libellulidae 17 34
2015 Summer 16-Jul 1 >1 172 Oligochaeta 1 2
2005 Summer  16-Jul 1 >1 12 Amphipoda Crangonyctidie ~ Crangonyx 16 3
2015 Summer  16-Jul 1 >1 12 Coleoptera Dytiscidae (larvac) 3 6
2015 Summer  16-Jul 1 >1 12 Coleoptera Hydrophilidae (adult) 8 16
2015 Summer  16-Jul 1 >1 12 Coleoptera Hydrophilidac (larvac) 3 6
2015 Summer  16-Jul 1 >1 12 Coleoptera Noteridae (larvac) 2 4
2015 Summer 16-Jul 1 >1 12 Decapoda Cambaridae 3 6
2005 Summer  16-Jul 1 >1 12 Diptera Ceratopogonidac 1 2
2015 Summer 16-Jul 1 >1 12 Diptera Chironomidae Tanypodinae 30 60
2005 Summer  16-Jul 1 >1 12 Diptera Chironomidac Non-Tanypodinac 50 100
2015 Summer 16-Jul 1 >1 12 Diptera Culicidae 1 2
2005 Summer  16-Jul 1 >1 12 Hemiptera Belostomatidac 2 4
2015 Summer 16-Jul 1 >1 12 Hemiptera Corixidae 2 4
2005 Summer  16-Jul 1 >1 12 Hemiptera Hydrometridac 1 2
2015 Summer  16-Jul 1 >1 12 Hemiptera Mesoveliidac (instar) 4 8
2005 Summer  16-Jul 1 >1 12 Hygrophila Planorbidae 3 6
2015 Summer 16-Jul 1 >1 12 Odonata Corduliidae 5 10
2005 Summer  16-Jul 1 >1 34 Amphipoda Crangonyctidie  Crangonyx 10 125
2015 Summer  16-Jul 1 >1 3/4 Coleoptera Dytiscidae (adult) 1 125
2005 Summer  16-Jul 1 >1 34 Coleoptera Dytiscida (larvac) 4 5
2015 Summer 16-Jul 1 >1 3/4 Coleoptera Noteridae (adult) 1 125
2005 Summer  16-Jul 1 >1 34 Coleoptera Noteridae (larvac) 6 7.5
2015 Summer 16-Jul 1 =1 3/4 Diptera Chironomidae Tanypodinae 62 715
2005 Summer  16-Jul 1 >1 34 Diptera Chironomidac Non-Tanypodinac 12 15
2015 Summer 16-Jul 1 =1 3/4 Ephemeroptera Bactidae 3 3.75
2005 Summer  16-Jul 1 51 34 Ephemeroptera  Caenidac 2 25
2015 Summer 16-Jul 1 =1 3/4 Hemiptera Corixidae 19 23.75
2005 Summer  16-Jul 1 51 34 Hemiptera Hydrometridac 1 125
2015 Summer 16-Jul 1 =1 3/4 Hemiptera Mesoveliidae (instar) 1 125




WOB Data
Fixed Abundance
Subfraction (> |Subsample (accounts for Size

Year  |Season  |Date [Site Habitat __|Replication or<1) (fraction) Order Family Genus Abundance subsampling) FFG | Class*
2015 Summer  16Jul  NorthH.S. SAV 1 >1 34 Odonata Gomphidae 2 25

2015 Summer  16Jul  NorthH.S. SAV 1 >1 3/4 Odonata Libellulidae 6 75

2015 Summer  16-Jul DET 1 >1 1 Acariformes Hydrachnida 1 1

2015 Summer  16-Jul DET 1 >1 1 Amphipoda Dogielinotidae Hyalella 2 2

2015 Summer  16-Jul DET 1 >1 1 Coleoptera Noteridae (larvae) 1 1

2015 Summer  16-Jul DET 1 >1 1 Decapoda Palacmonidae 33 33 SH
2015 Summer  16-Jul DET 1 >1 1 Diptera Ceratopogonidae 5 5

2015 Summer  16-Jul DET 1 >1 1 Diptera Chironomidae Tanypodinae 74 74

2015 Summer  16-Jul DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 189 189

2015 Summer  16-Jul DET 1 >1 1 Ephemeroptera Bactidae 1 1

2015 Summer  16-Jul DET 1 >1 1 Ephemeroptera Caenidae 14 14

2015 Summer  16-Jul DET 1 >1 1 Hemiptera Corixidae 84 84

2015 Summer  16-Jul DET 1 >1 1 Hemiptera Nepidae 2 2

2015 Summer  16-Jul DET 1 >1 1 Odonata Corduliidae 2 2

2015 Summer  16-Jul DET 1 >1 1 Oligochaeta 17 17

2015 Summer  16-Jul DET 1 >1 1 Trichoptera Leptoceridae Nectopsyche 1 1 SH
2015 Summer  16-Jul DET 1 >1 1 Veneroida Sphaeriidae 4 4

2015 Summer  16-Jul SAV 1 >1 1 Acariformes Hydrachnida 2 2

2015 Summer  16-Jul SAV 1 >1 1 Amphipoda Crangonyctidae Crangonyx 6 6

2015 Summer  16-Jul SAV 1 >1 1 Amphipoda Dogiclinotidac Hyalella 182 182

2015 Summer  16-Jul SAV 1 >1 1 Coleoptera Dytiscidae (adult) 7 7

2015 Summer  16-Jul SAV 1 >1 1 Coleoptera Dytiscidae (larvae) 14 14

2015 Summer  16-Jul SAV 1 >1 1 Coleoptera Hydrophilidae (adult) 1 1

2015 Summer  16-Jul SAV 1 >1 1 Coleoptera Hydrophilidae (larvae) 3 3

2015 Summer  16-Jul SAV 1 >1 1 Coleoptera Noteridae (adult) 6 6

2015 Summer  16-Jul SAV 1 >1 1 Coleoptera Noteridae (larvac) 8 8

2015 Summer  16-Jul SAV 1 >1 1 Coleoptera Staphylinidae 6 6

2015 Summer  16-Jul SAV 1 >1 1 Collembola 1 1

2015 Summer  16-Jul SAV 1 >1 1 Diptera Chironomidae Tanypodinae 78 78

2015 Summer  16-Jul SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 32 32

2015 Summer  16-Jul SAV 1 >1 1 Diptera Culicidae 16 16

2015 Summer  16-Jul SAV 1 >1 1 Diptera Tabanidae 2 2

2015 Summer  16-Jul SAV 1 >1 1 Ephemeroptera Baetidae 35 35

2015 Summer  16-Jul SAV 1 >1 1 Ephemeroptera Cacnidac 28 28

2015 Summer  16-Jul SAV 1 >1 1 Hemiptera Belostomatidae 6 6

2015 Summer  16-Jul SAV 1 >1 1 Hemiptera Corixidae 27 27

2015 Summer  16-Jul SAV 1 >1 1 Hemiptera Hydrometridae 4 4

2015 Summer  16-Jul SAV 1 >1 1 Hemiptera Mesoveliidae (instar) 5 5

2015 Summer  16-Jul SAV 1 >1 1 Hemiptera Nepidae 1 1

2015 Summer  16-Jul SAV 1 >1 1 Hemiptera Notonectidae 21 21

2015 Summer  16-Jul SAV 1 >1 1 Hemiptera Pleidae 1 1

2015 Summer  16-Jul SAV 1 >1 1 Hygrophila Lymnacidae 2 2

2015 Summer  16-Jul SAV 1 >1 1 Hygrophila Physidae 7 7

2015 Summer  16-Jul SAV 1 >1 1 Hygrophila Planorbidae 5 5

2015 Summer  16-Jul SAV 1 >1 1 Megaloptera Corydalidae Chauliodes 1 1

2015 Summer  16-Jul SAV 1 >1 1 Odonata Coenagrionidac 16 16

2015 Summer  16-Jul SAV 1 >1 1 Odonata Corduliidae 67 67

2015 Summer  16-Jul SAV 1 >1 1 Oligochacta 3 3

2015 Summer  16-Jul SAV 1 >1 1 Ostracoda 4 4

2015 Summer  16-Jul SAV 1 >1 1 Trichoptera Leptoceridae Nectopsyche 2 2 SH
2015 Summer  16-Jul SAV 1 >1 1 Veneroida Sphaeriidae 4 4

2015 Summer  16-Jul DET 1 >1 14 Acariformes Hydrachnida 3 12

2015 Summer  16-Jul DET 1 >1 14 Amphipoda Dogielinotidae Hyalella 1 4

2015 Summer  16-Jul DET 1 >1 1/4 Coleoptera Dytiscidae (larvae) 1 4

2015 Summer  16-Jul DET 1 >1 14 Coleoptera Haliplidae (adult) 1 4 SH
2015 Summer  16-Jul DET 1 >1 1/4 Coleoptera Hydrophilidae (larvae) 1 4

2015 Summer  16-Jul DET 1 >1 14 Diptera Ceratopogonidae 6 24

2015 Summer  16-Jul DET 1 >1 14 Diptera Chironomidae Tanypodinae 65 260

2015 Summer  16-Jul DET 1 >1 14 Diptera Chironomidae Non-Tanypodinae 14 56

2015 Summer  16-Jul DET 1 >1 14 Diptera Culicidae 1 4

2015 Summer  16-Jul DET 1 >1 14 Diptera Tabanidae 2 8

2015 Summer  16-Jul DET 1 >1 1/4 Ephemeroptera Bactidae 12 48

2015 Summer  16-Jul DET 1 >1 14 Hemiptera Belostomatidae 1 4

2015 Summer  16-Jul DET 1 >1 14 Hemiptera Corixidae 68 2712

2015 Summer  16-Jul DET 1 >1 14 Hemiptera Gerridae 2 8

2015 Summer  16-Jul DET 1 >1 14 Hemiptera Mesoveliidae (instar) 1 4

2015 Summer  16-Jul DET 1 >1 14 Hemiptera Nepidae 1 4

2015 Summer  16-Jul DET 1 >1 14 Hygrophila Physidae 1 4

2015 Summer  16-Jul DET 1 >1 14 Hygrophila Planorbidae Ancylini 1 4

2015 Summer  16-Jul DET 1 >1 14 Odonata Coenagrionidac 5 20

2015 Summer  16-Jul DET 1 >1 14 Odonata Corduliidae 12 48

2015 Summer  16-Jul SAV 1 >1 12 Amphipoda Talitridac 2 4

2015 Summer  16-Jul SAV 1 >1 12 Decapoda Cambaridae 2 4

2015 Summer  16-Jul SAV 1 >1 12 Diptera Chironomidae Tanypodinae 41 82

2015 Summer  16-Jul SAV 1 >1 12 Diptera Chironomidae Non-Tanypodinae 17 34

2015 Summer  16-Jul SAV 1 >1 12 Diptera Stratiomyidae 1 2

2015 Summer  16-Jul SAV 1 >1 12 Ephemeroptera Baetidae 5 10

2015 Summer  16-Jul SAV 1 >1 12 Hemiptera Corixidae 28 56

2015 Summer  16-Jul SAV 1 >1 12 Hemiptera Nepidae 1 2

2015 Summer  16-Jul SAV 1 >1 12 Hemiptera Notonectidae 1 2

2015 Summer  16-Jul SAV 1 >1 12 Hygrophila Planorbidae 1 2

2015 Summer  16-Jul SAV 1 >1 12 Odonata Libellulidae 7 14

2015 Summer  15-Jul DET 1 >1 1 Acariformes Hydrachnida 1 1

2015 Summer  15-Jul DET 1 >1 1 Amphipoda Dogielinotidae Hyalella 4 4

2015 Summer  15-Jul DET 1 >1 1 Coleoptera Dytiscidae (larvae) 10 10

2015 Summer  15-Jul DET 1 >1 1 Coleoptera Gyrinidae (larvae) 1 1

2015 Summer  15-Jul DET 1 >1 1 Coleoptera Haliplidae (adult) 1 1 SH
2015 Summer  15-Jul DET 1 >1 1 Decapoda Palacmonidae 1 1 SH
2015 Summer  15-Jul DET 1 >1 1 Diptera Chaoboridae 1 1

2015 Summer  15-Jul DET 1 >1 1 Diptera Chironomidae Tanypodinae 29 29

2015 Summer  15-Jul DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 121 121

2015 Summer  15-Jul DET 1 >1 1 Diptera Culicidae 1 1

2015 Summer  15-Jul DET 1 >1 1 Hemiptera Corixidae 227 227

2015 Summer  15-Jul DET 1 >1 1 Odonata Corduliidae 10 10

2015 Summer  15-Jul DET 1 >1 1 Oligochaeta 45 45

2015 Summer  15-Jul SAV 1 >1 1 Acariformes Hydrachnida 1 1

2015 Summer  15-Jul SAV 1 >1 1 Amphipoda Dogielinotidae Hyalella 12 12

2015 Summer  15-Jul SAV 1 >1 1 Amphipoda Talitridae 13 13

2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Chrysomelidae (adult) 5 5 SH
2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Chrysomelidae (larvae) 1 1 SH
2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Curculionidae (adult) 3 3 SH
2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Dytiscidae (adult) 3 3

2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Dytiscidae (larvae) 33 33

2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Gyrinidae (larvae) 1 1

2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Haliplidae (adult) 3 3 SH
2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Hydrophilidae (adult) 2 2

2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Hydrophilidae (larvae) 1 1

2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Noteridae (adult) 3 3

2015 Summer  15-Jul SAV 1 >1 1 Coleoptera Noteridae (larvae) 7 7

2015 Summer  15-Jul SAV 1 >1 1 Diptera Chironomidae Tanypodinae 3 3

2015 Summer  15-Jul SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 39 39

2015 Summer  15-Jul SAV 1 >1 1 Diptera Culicidae 12 12

2015 Summer  15-Jul SAV 1 >1 1 Diptera Tabanidae 2 2

2015 Summer  15-Jul SAV 1 >1 1 Ephemeroptera Caenidae 2 2

2015 Summer  15-Jul SAV 1 >1 1 Hemiptera Belostomatidae 5 5

2015 Summer  15-Jul SAV 1 >1 1 Hemiptera Corixidae 1 1



WOB Data
Fixed Abundance
Subfraction (> |Subsample (accounts for Size

Year  |Season  |Date [Site Habitat __|Replication or<1) (fraction) Order Family Genus Abundance subsampling) FFG | Class*
2015 Summer  15-Jul SAV 1 >1 1 Hemiptera Hydrometridae 1 1

2015 Summer  15-Jul SAV 1 >1 1 Hemiptera Mesoveliidae 1 1

2015 Summer  15-Jul SAV 1 >1 1 Hemiptera Mesoveliidae (instar) 8 8

2015 Summer  15-Jul SAV 1 >1 1 Hemiptera Nepidae 4 4

2015 Summer  15-Jul SAV 1 >1 1 Hemiptera Notonectidae 1 1

2015 Summer  15-Jul SAV 1 >1 1 Hygrophila Lymnacidae 1 1

2015 Summer  15-Jul SAV 1 >1 1 Hygrophila Physidae 1 1

2015 Summer  15-Jul SAV 1 >1 1 Hygrophila Planorbidae 2 2

2015 Summer  15-Jul SAV 1 >1 1 Odonata Coenagrionidae 23 23

2015 Summer  15-Jul SAV 1 >1 1 Odonata Corduliidae 13 13

2015 Summer  15-Jul SAV 1 >1 1 Odonata Gomphidae 1 1

2015 Summer  15-Jul SAV 1 >1 1 Odonata Libellulidae 67 67

2015 Summer  15-Jul SAV 1 >1 1 Oligochaeta 25 25

2015 Summer  15-Jul SAV 1 >1 1 Rhynchobdellidae ~~ Glossiphonidae 1 1

2015 Summer  16-Jul DET 1 >1 12 Acariformes Hydrachnida 2 4

2015 Summer  16-Jul DET 1 >1 12 Amphipoda Dogielinotidae Hyalella 2 52

2015 Summer  16-Jul DET 1 >1 12 Coleoptera Dytiscidae (adult) 3 6

2015 Summer  16-Jul DET 1 >1 12 Coleoptera Dytiscidae (larvae) 2 4

2015 Summer  16-Jul DET 1 >1 12 Coleoptera Hydrophilidae (adult) 4 8

2015 Summer  16-Jul DET 1 >1 12 Coleoptera Noteridae (adult) 3 6

2015 Summer  16-Jul DET 1 >1 12 Diptera Ceratopogonidae 23 46

2015 Summer  16-Jul DET 1 >1 12 Diptera Chironomidae Tanypodinae 23 46

2015 Summer  16-Jul DET 1 >1 12 Diptera Chironomidae Non-Tanypodinae 3 6

2015 Summer  16-Jul DET 1 >1 12 Diptera Tabanidae 4 8

2015 Summer  16-Jul DET 1 >1 12 Hemiptera Belostomatidae 1 2

2015 Summer  16-Jul DET 1 >1 12 Hemiptera Corixidae 40 80

2015 Summer  16-Jul DET 1 >1 12 Hemiptera Nepidae 1 2

2015 Summer  16-Jul DET 1 >1 12 Odonata Coenagrionidac 2 4

2015 Summer  16-Jul DET 1 >1 12 Odonata Corduliidae 2 4

2015 Summer  16-Jul DET 1 >1 12 Oligochaeta 5 10

2015 Summer  16-Jul DET 1 >1 12 Rhynchobdellidae  Glossiphonidae 1 2

2015 Summer  16-Jul DET 1 >1 12 Veneroida Sphaeriidae 2 4

2015 Summer  16-Jul SAV 1 >1 12 Acariformes Hydrachnida 4 8

2015 Summer  16-Jul SAV 1 >1 12 Amphipoda Dogielinotidae Hyalella 51 102

2015 Summer  16-Jul SAV 1 >1 12 Coleoptera Curculionidae (adult) 2 4 SH

2015 Summer  16-Jul SAV 1 >1 12 Coleoptera Dytiscidae (adult) 2 4

2015 Summer  16-Jul SAV 1 >1 12 Coleoptera Dytiscidae (larvae) 5 10

2015 Summer  16-Jul SAV 1 >1 12 Coleoptera Noteridae (adult) 4 8

2015 Summer  16-Jul SAV 1 >1 12 Coleoptera Noteridae (larvae) 1 2

2015 Summer  16-Jul SAV 1 >1 12 Diptera Ceratopogonidac 3 6

2015 Summer  16-Jul SAV 1 >1 12 Diptera Chironomidae Tanypodinae 8 16

2015 Summer  16-Jul SAV 1 >1 12 Diptera Chironomidae Non-Tanypodinae 5 10

2015 Summer  16-Jul SAV 1 >1 12 Diptera Stratiomyidae 1 2

2015 Summer  16-Jul SAV 1 >1 12 Diptera Tabanidae 2 4

2015 Summer  16-Jul SAV 1 >1 12 Ephemeroptera Caenidae 2 4

2015 Summer  16-Jul SAV 1 >1 12 Hemiptera Corixidae 13 2

2015 Summer  16-Jul SAV 1 >1 12 Odonata Coenagrionidae 3 6

2015 Summer  16-Jul SAV 1 >1 12 Odonata Corduliidae 11 2

2015 Summer _ 16-Jul SAV 1 >1 12 ol 1 2

2017 Summer  22-May Country Clut DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 7
2017 Summer  22-May Country Clut DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 6
2017 Summer  22-May Country Clut DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 4
2017 Summer  22-May Country Clut DET 1 >1 1 Diptera Chironomidae Tanypodinae 1 6
2017 Summer  22-May  Country Clut DET 1 >1 1 Diptera Chironomidae Tanypodinae 1 4
2017 Summer  22-May Country Clut DET 1 >1 1 Ephemeroptera Cacnidae 1 5
2017 Summer  22-May  Country Clut DET 1 >1 1 Hemiptera Corixidae 2 5
2017 Summer  22-May Country Clut DET 1 >1 1 Hemiptera Corixidae 2 3
2017 Summer  22-May  Country Clut DET 1 >1 1 Oligochaete 4 5
2017 Summer  22-May Country Clut DET 1 >1 1 Veneroida Sphaeridac 1 4
2017 Summer  22-May  Country Clut DET 1 >1 1 Veneroida Sphaeridae 1 6
2017 Summer  22-May Country Clut DET 2 >1 1 Diptera Chironomidae Non-Tanypodinae 2 4
2017 Summer  22-May  Country Clut DET 2 >1 1 Hemiptera Corixidae 1 3
2017 Summer  22-May Country Clut DET 2 >1 1 Oligochaete 1 3
2017 Summer  22-May  Country Clut DET 3 >1 1 Amphipoda Dogielinotidae Hyalella 1 2
2017 Summer  22-May Country Clut DET 3 >1 1 Diptera Ceratopogonidac 1 12
2017 Summer  22-May  Country Clut DET 3 >1 1 Diptera Ceratopogonidae 1 10
2017 Summer  22-May Country Clut DET 3 >1 1 Diptera Ceratopogonidac 1 8
2017 Summer  22-May  Country Clut DET 3 >1 1 Diptera Ceratopogonidae 1 6
2017 Summer  22-May Country Clut DET 3 >1 1 Diptera Non-Tanypodinae 1 7
2017 Summer  22-May  Country Clut DET 3 >1 1 Diptera Non-Tanypodinae 2 5
2017 Summer  22-May Country Clut DET 3 >1 1 Diptera Non-Tanypodinae 9 4
2017 Summer  22-May  Country Clut DET 3 >1 1 Diptera Tanypodinae 1 5
2017 Summer  22-May Country Clut DET 3 >1 1 Diptera Tanypodinae 2 6
2017 Summer  22-May Country Clut DET 3 >1 1 Diptera Tanypodinae 3 4
2017 Summer  22-May Country Clut DET 3 >1 1 Diptera Tipulidae 2 14
2017 Summer  22-May Country Clut DET 3 >1 1 Diptera Tipulidae 2 10
2017 Summer  22-May Country Clut DET 3 >1 1 Hemiptera Corixidae 1 2
2017 Summer  22-May  Country Clut DET 3 >1 1 Oligochaete 2 5
2017 Summer  22-May Country Clut DET 3 >1 1 Ostracoda 1 2
2017 Summer  22-May  Country Clut DET 3 >1 1 Veneroida Sphaeridae 1 3
2017 Summer  22-May  Country Clut SAV 1 >1 1 Amphipoda Crangonyctidae Crangonyx 2 6
2017 Summer  22-May  Country Clut SAV 1 >1 1 Coleoptera Hydrophilidae (larvae) 1 7
2017 Summer  22-May Country Clut SAV 1 >1 1 Decapoda Cambaridae Cambarinae 1 12
2017 Summer  22-May  Country Clut SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 2
2017 Summer  22-May  Country Clut SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 3
2017 Summer  22-May  Country Clut SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 3 5
2017 Summer  22-May  Country Clut SAV 1 >1 1 Diptera Chironomidae Tanypodinae 1 4
2017 Summer  22-May  Country Clut SAV 1 >1 1 Hemiptera Corixidae 8 3
2017 Summer  22-May Country Clut SAV 1 >1 1 Odonata Coenagrionidac 1 6
2017 Summer  22-May  Country Clut SAV 1 >1 1 Trichoptera Hydroptilinae Oxyethira 1 2
2017 Summer  22-May  Country Clut SAV 2 >1 1 Amphipoda Crangonyctidae Crangonyx 1 4
2017 Summer  22-May  Country Clut SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 1 8
2017 Summer  22-May  Country Clut SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 1 5
2017 Summer  22-May  Country Clut SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 3 6
2017 Summer  22-May  Country Clut SAV 2 >1 1 Diptera Chironomidae Tanypodinae 4 5
2017 Summer  22-May Country Clut SAV 2 >1 1 Diptera Tipulidae 2 10
2017 Summer  22-May Country Clut SAV 2 >1 1 Ephemeroptera Caenidac 1 4
2017 Summer  22-May  Country Clut SAV 2 >1 1 Hemiptera Belostomatidae 1 19
2017 Summer  22-May Country Clut SAV 2 >1 1 Hemiptera Belostomatidae 1 7
2017 Summer  22-May Country Clut SAV 2 >1 1 Hemiptera Belostomatidae 1 5
2017 Summer  22-May  Country Clut SAV 2 >1 1 Hemiptera Corixidae 1 4
2017 Summer  22-May Country Clut SAV 2 >1 1 Hemiptera Corixidae 3 3
2017 Summer  22-May Country Clut SAV 2 >1 1 Hygrophila Physidac 1 5
2017 Summer  22-May  Country Clut SAV 2 >1 1 Isopoda Asellidae Caecidotea 2 4
2017 Summer  22-May Country Clut SAV 3 >1 1 Acariformes Hydrachnida 1 4
2017 Summer  22-May  Country Clut SAV 3 >1 1 Amphipoda Dogielinotidae Hyalella 2 5
2017 Summer  22-May Country Clut SAV 3 >1 1 Coleoptera Dytiscidae (larvac) 1 4
2017 Summer  22-May  Country Clut SAV 3 >1 1 Coleoptera Hydrophilidae (larvae) 1 5
2017 Summer  22-May Country Clut SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 2 6
2017 Summer  22-May  Country Clut SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 3 3
2017 Summer  22-May  Country Clut SAV 3 >1 1 Diptera Chironomidae Tanypodinae 18 6
2017 Summer  22-May  Country Clut SAV 3 >1 1 Diptera Tabanidae 1 4
2017 Summer  22-May  Country Clut SAV 3 >1 1 Hemiptera Corixidae 2 3
2017 Summer  22-May  Country Clut SAV 3 >1 1 Isopoda Asellidae Caecidotea 8 4
2017 Summer  22-May  Country Clut SAV 3 >1 1 Oligochaete 32 8



WOB Data
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2017 Summer  22-May Zajac DET 1 >1 1 Amphipoda Dogielinotidae Hyalella 1 3
2017 Summer 22May Zajac DET 1 >1 1 Diptera Ceratopogonidac 5 6
2017 Summer  22-May Zajac DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 5
2017 Summer 22May Zajac DET 1 >1 1 Oligochaete 1 5
2017 Summer  22-May Zajac DET 2 >1 1 Amphipoda Crangonyctidae Crangonyx 3 4
2017 Summer  22May Zajac DET 2 >1 1 Coleoptera Dytiscidae (larvae) 1 4
2017 Summer  22-May Zajac DET 2 >1 1 Decapoda Cambaridae Cambarinae 1 14
2017 Summer  22May Zajac DET 2 >1 1 Diptera Ceratopogonidac 14 8
2017 Summer  22-May Zajac DET 2 >1 1 Diptera Chironomidae Non-Tanypodinae 2 4
2017 Summer  22May Zajac DET 2 >1 1 Diptera Chironomidae Non-Tanypodinae 8 6
2017 Summer  22-May Zajac DET 2 >1 1 Diptera Chironomidae Non-Tanypodinae 19 8
2017 Summer  22May Zajac DET 2 >1 1 Diptera Chironomidae Tanypodinae 5 6
2017 Summer  22-May Zajac DET 2 >1 1 Hemiptera Corixidae 1 3
2017 Summer  22May Zajac DET 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 6
2017 Summer  22May Zajac DET 3 >1 1 Hemiptera Corixidae 1 4
2017 Summer  22May Zajac SAV 1 >1 1 Amphipoda Crangonyctidae Crangonyx 16 4
2017 Summer  22-May Zajac SAV 1 >1 1 Coleoptera Dytiscidae (adult) 1 s
2017 Summer  22May Zajac SAV 1 >1 1 Coleoptera Dytiscidae (larvae) 10 4
2017 Summer  22-May Zajac SAV 1 >1 1 Decapoda Cambaridae Cambarinae 1 12
2017 Summer  22May Zajac SAV 1 >1 1 Decapoda Cambaridae Cambarinae 1 15
2017 Summer  22-May Zajac SAV 1 >1 1 Diptera Ceratopogonidae 1 10
2017 Summer  22May Zajac SAV 1 >1 1 Diptera Ceratopogonidac 2 6
2017 Summer  22-May Zajac SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 6
2017 Summer  22May Zajac SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 4
2017 Summer  22May Zajac SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 8
2017 Summer  22May Zajac SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 7
2017 Summer  22-May Zajac SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 4 10
2017 Summer  22May Zajac SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 9 5
2017 Summer  22-May Zajac SAV 1 >1 1 Diptera Chironomidae Tanypodinae 1 8
2017 Summer 22May Zajac SAV 1 >1 1 Diptera Chironomidae Tanypodinae 4 7
2017 Summer  22-May Zajac SAV 1 >1 1 Diptera Chironomidae Tanypodinae 4 4
2017 Summer  22May Zajac SAV 1 >1 1 Diptera Chironomidae Tanypodinae 6 5
2017 Summer  22-May Zajac SAV 1 >1 1 Hemiptera Corixidae 1 4
2017 Summer  22May Zajac SAV 1 >1 1 Hemiptera Corixidae 1 3
2017 Summer  22-May Zajac SAV 1 >1 1 Hemiptera Corixidae 2 2
2017 Summer  22May Zajac SAV 1 >1 1 Hygrophila Physidae 9 4
2017 Summer  22-May Zajac SAV 1 >1 1 Hygrophila Planorbidae 6 2
2017 Summer  22May Zajac SAV 1 >1 1 Isopoda Asellida Caecidotea 1 5
2017 Summer  22-May Zajac SAV 1 >1 1 Odonata Coenagrionidae 4 6
2017 Summer  22May Zajac SAV 1 >1 1 Odonata Corduliidae 1 28
2017 Summer  22-May Zajac SAV 1 >1 1 Odonata Corduliidae 2 20
2017 Summer  22May Zajac SAV 1 >1 1 Veneroida Sphaeridac 1 3
2017 Summer  22May Zajac SAV 2 >1 1 Amphipoda Crangonyctidae Crangonyx 1 2
2017 Summer  22May Zajac SAV 2 >1 1 Amphipoda Crangonyctidae Crangonyx 15 4
2017 Summer  22May Zajac SAV 2 >1 1 Amphipoda Crangonyctidae Crangonyx 15 3
2017 Summer  22May Zajac SAV 2 >1 1 Coleoptera Dytiscidae (larvae) 1 3
2017 Summer  22May Zajac SAV 2 >1 1 Coleoptera Dytiscidae (larvae) 10 4
2017 Summer  22May Zajac SAV 2 >1 1 Decapoda Cambaridae Cambarinae 1 18
2017 Summer  22May Zajac SAV 2 >1 1 Decapoda Cambaridae Cambarinae 1 16
2017 Summer  22May Zajac SAV 2 >1 1 Decapoda Cambaridae Cambarinae 1 12
2017 Summer  22May Zajac SAV 2 >1 1 Diptera Ceratopogonidae 1 7
2017 Summer  22May Zajac SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 5 5
2017 Summer  22May Zajac SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae s 4
2017 Summer  22May Zajac SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 7 9
2017 Summer  22May Zajac SAV 2 >1 1 Diptera Chironomidae Tanypodinae 8 3
2017 Summer  22May Zajac SAV 2 >1 1 Diptera Chironomidae Tanypodinae 40 6
2017 Summer  22May Zajac SAV 2 >1 1 Diptera Chironomidae Tanypodinae 40 5
2017 Summer  22May Zajac SAV 2 >1 1 Hygrophila Physidae 73 3
2017 Summer  22May Zajac SAV 2 >1 1 Hygrophila Planorbidae 13 2
2017 Summer  22May Zajac SAV 2 >1 1 Isopoda Asellida Caecidotea 1 4
2017 Summer  22May Zajac SAV 2 >1 1 Odonata Coenagrionidae 2 5
2017 Summer  22May Zajac SAV 2 >1 1 Veneroida Sphaeridac 1 6
2017 Summer  22May Zajac SAV 2 >1 1 Veneroida Sphaeridae 1 5
2017 Summer  22May Zajac SAV 2 >1 1 Veneroida Sphaeridac 2 3
2017 Summer  22May Zajac SAV 3 >1 1 Amphipoda Dogielinotidae Hyalella 127 3
2017 Summer  22May Zajac SAV 3 >1 1 Coleoptera Dytiscidae (adult) 1 3
2017 Summer  22May Zajac SAV 3 >1 1 Coleoptera Dytiscidae (larvae) 1 3
2017 Summer  22May Zajac SAV 3 >1 1 Coleoptera Hydrophilidae (larvac) 2 5
2017 Summer  22May Zajac SAV 3 >1 1 Coleoptera Staphylinidae 1 6
2017 Summer  22May Zajac SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 8 4
2017 Summer  22May Zajac SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 8 6
2016 Summer  22May Zajac SAV 3 >1 1 Diptera Chironomidae Tanypodinae 2 6
2017 Summer  22May Zajac SAV 3 >1 1 Diptera Chironomidae Tanypodinae 26 5
2017 Summer  22May Zajac SAV 3 >1 1 Hemiptera Corixidae 2 2
2017 Summer  22May Zajac SAV 3 >1 1 Hemiptera Mesoveliidae 1 2
2017 Summer  22May Zajac SAV 3 >1 1 Hemiptera Nepidae 1 19
2017 Summer  22May Zajac SAV 3 >1 1 Hygrophila Physidae 66 3
2017 Summer  22May Zajac SAV 3 >1 1 Hygrophila Planorbidae 27 3
2017 Summer  22May Zajac SAV 3 >1 1 Isopoda Asellidae Caecidotea 2 3
2017 Summer  22May Zajac SAV 3 >1 1 Megaloptera Corydalidae Chauliodes 1 6
2017 Summer  22May Zajac SAV 3 >1 1 Odonata Coenagrionidae 5 6
2017 Summer  22May |Ballfields DET 1 >1 1 Decapoda Palaemonetes 1 5
2017 Summer  22-May Ballfields DET 1 >1 1 Diptera Ceratopogonidae 1 7
2017 Summer  22May Ballfields DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 4
2017 Summer  22-May Ballfields DET 1 >1 1 Diptera Chironomidae Tanypodinae 2 s
2017 Summer  22May Ballfields DET 1 >1 1 Hemiptera Corixidae 1 2
2017 Summer  22-May Ballfields DET 1 >1 1 Hemiptera Corixidae 1 s
2017 Summer  22May Ballfields DET 1 >1 1 Hemiptera Corixidae 2 3
2017 Summer  22-May Ballfields DET 1 >1 1 Veneroida Sphaeridae 1 2
2017 Summer 22May Ballfields DET 2 >1 1 Diptera Ceratopogonidac 1 5
2017 Summer  22-May Ballfields DET 2 >1 1 Diptera Chironomidae Tanypodinae 1 s
2017 Summer  22May Ballfields DET 2 >1 1 Ephemeroptera Bactidae 1 6
2017 Summer  22-May Ballfields DET 2 >1 1 Hemiptera Corixidae 1 2
2017 Summer  22May Ballfields DET 3 >1 1 Diptera Ceratopogonidac 13 5
2017 Summer  22-May Ballfields DET 3 >1 1 Diptera Chironomidae Tanypodinae 3 6
2017 Summer 22May Ballfields DET 3 >1 1 Hemiptera Corixidae 1 6
2017 Summer  22-May Ballfields DET 3 >1 1 Hemiptera Corixidae 1 2
2017 Summer 22May Ballfields DET 3 >1 1 Oligochaete 6 12
2017 Summer  22-May Ballfields  SAV 1 >1 1 Acariformes Hydrachnida 1 2
2017 Summer 22May Ballfields  SAV 1 >1 1 Amphipoda Cragonyctidac Crangonyx 1 4
2017 Summer  22-May Ballfields  SAV 1 >1 1 Coleoptera Dytiscidae (adult) 1 2
2017 Summer 22May Ballfields  SAV 1 >1 1 Collembola 1 3
2017 Summer  22-May Ballfields  SAV 1 >1 1 Diptera Chironomidae Tanypodinae 1 s
2017 Summer 22May Ballfields  SAV 1 >1 1 Hygrophila Lymnaeidal 1 3
2017 Summer  22-May Ballfields  SAV 1 >1 1 Veneroida Sphaeridae 1 3
2017 Summer 22May Ballfields  SAV 2 >1 1 Amphipoda Cragonyctidac Crangonyx 1 2
2017 Summer  22-May Ballfields  SAV 2 >1 1 Coleoptera Hydrophilidae (adult) 1 4
2017 Summer 22May Ballfields  SAV 2 >1 1 Coleoptera Hydrophilidae (larvac) 1 5
2017 Summer  22-May Ballfields  SAV 2 >1 1 Decapoda Cambaridae 1 16
2017 Summer 22May Ballfields  SAV 2 >1 1 Decapoda Cambaridae 1 8
2017 Summer  22-May Ballfields  SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 1 2
2017 Summer  22May Ballfields  SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 2 5
2017 Summer  22-May Ballfields  SAV 2 >1 1 Diptera Tabanidae 1 6
2017 Summer 22May Ballfields  SAV 2 >1 1 Hemiptera Corixidae 1 2
2017 Summer  22-May Ballfields  SAV 2 >1 1 Hemiptera Corixidae 2 3
2017 Summer 22May Ballfields  SAV 2 >1 1 Hemiptera Corixidae 6 5
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2017 Summer 2 >1 1 Hygrophila Lymnacidal 5 4
2017 Summer 2 >1 1 Hygrophila Lymnacidal 9 2
2017 Summer 2 >1 1 Hygrophila Physidae 1 4
2017 Summer 3 >1 1 Coleoptera Hydrophilidae (adult) 3 4
2017 Summer 3 >1 1 Coleoptera Hydrophilidae (larvae) 1 4
2017 Summer 3 >1 1 Decapoda Cambaridac 1 11
2017 Summer 3 >1 1 Diptera Chironomidae Non-Tanypodinae 3 5
2017 Summer 3 >1 1 Diptera Chironomidac Tanypodinac 3 5
2017 Summer 3 >1 1 Hemiptera Corixidae 1 5
2017 Summer 3 >1 1 Hemiptera Corixidac 1 3
2017 Summer 3 >1 1 Hygrophila Lymnacidal 1 7
2017 Summer 3 >1 1 Hygrophila Lymnacidal 1 4
2017 Summer 3 >1 1 Hygrophila Lymnacidal 1 2
2017 Summer 3 >1 1 Hygrophila Lymnacidal 2 3
2017 Summer 1 >1 1 Amphipoda Cragonyctidae Crangonyx 3 4
2017 Summer 1 >1 1 Amphipoda Dogiclinotidac Hyalella 1 4
2017 Summer 1 >1 1 Decapoda Palaemonetes 2 5
2017 Summer 1 >1 1 Diptera Ceratopogonidac 3 6
2017 Summer 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 5
2017 Summer 1 >1 1 Diptera Chironomidac Non-Tanypodinac 1 6
2017 Summer 1 >1 1 Diptera Chironomidae Tanypodinae 5 4
2017 Summer 1 >1 1 Diptera Chironomidac Tanypodinac 6 6
2017 Summer 1 >1 1 Ephemeroptera Caenidae 1 3
2017 Summer 1 >1 1 Hemiptera Corixidac 4 5
2017 Summer 1 >1 1 Hemiptera Corixidae 23 2
2017 Summer 1 >1 1 Odonata Acshnidac 1 2
2017 Summer 1 >1 1 Oligochacte 2 12
2017 Summer 2 >1 1 Diptera Ceratopogonidac 1 5
2017 Summer 2 >1 1 Diptera Chironomidae Non-Tanypodinae 1 14
2017 Summer 2 >1 1 Diptera Chironomidac Non-Tanypodinac 2 10
2017 Summer 2 >1 1 Diptera Chironomidae Non-Tanypodinae 2 5
2017 Summer 2 >1 1 Diptera Chironomidac Tanypodinac 3 5
2017 Summer 2 >1 1 Hemiptera Corixidae 2 3
2017 Summer 2 >1 1 Hemiptera Corixidac 7 5
2017 Summer 2 >1 1 Oligochacte 2 7
2017 Summer 2 >1 1 Oligochaete 3 10
2017 Summer 3 >1 1 Amphipoda Dogielinotidae Hyalella 1 5
2017 Summer 3 >1 1 Diptera Ceratopogonidac 7 6
2017 Summer 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 8
2017 Summer 3 >1 1 Diptera Chironomidac Non-Tanypodinac 1 5
2017 Summer 3 >1 1 Diptera Chironomidae Non-Tanypodinae 2 7
2017 Summer 3 >1 1 Diptera Chironomidac Tanypodinac 9 6
2017 Summer 3 >1 1 Diptera Chironomidae Tanypodinae 10 5
2017 Summer 3 >1 1 Diptera Coenagrionidac 1 10
2017 Summer 3 >1 1 Hemiptera Corixidae 1 4
2018 Summer 3 >1 1 Hemiptera Corixidac 3 5
2017 Summer 3 >1 1 Oligochaete 2 13
2017 Summer 1 >1 1 Amphipoda Crangonyctidac Crangonyx 12 4
2017 Summer 1 >1 1 Amphipoda Crangonyctidae Crangonyx 39 2
2017 Summer 1 >1 1 Amphipoda Dogiclinotidac Hyalella 4 4
2017 Summer 1 >1 1 Amphipoda Dogielinotidae Hyalella 12 3
2017 Summer 1 >1 1 Colcoptera Dytiscidac (adult) 1 5
2017 Summer 1 >1 1 Coleoptera Noteridae (adult) 3 2
2017 Summer 1 >1 1 Decapoda Cambaridac Cambarinac 1 16
2017 Summer 1 >1 1 Decapoda Cambaridae Cambarinae 1 10
2017 Summer 1 >1 1 Decapoda Palacmonetes 1 5
2017 Summer 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 4
2017 Summer 1 >1 1 Diptera Chironomidae Non-Tanypodinac 2 3
2017 Summer 1 >1 1 Diptera Chironomidae Non-Tanypodinae 3 8
2017 Summer 1 >1 1 Diptera Chironomidac Tanypodinac 1 9
2017 Summer 1 >1 1 Diptera Chironomidae Tanypodinae 2 6
2017 Summer 1 >1 1 Ephemeroptera Cacnidac 2 5
2017 Summer 1 >1 1 Hemiptera Corixidae 2 3
2017 Summer 1 >1 1 Hemiptera Corixidac 5 4
2017 Summer 1 >1 1 Hygrophila Physidae 3 3
2017 Summer 1 >1 1 Hygrophila Physidac 4 2
2017 Summer 1 >1 1 Hygrophila Planorbidae 2 2
2017 Summer 1 >1 1 Odonata Coenagrionidae 4 10
2017 Summer 1 >1 1 Odonata Coenagrionidae 4 8
2017 Summer 1 >1 1 Odonata Corduliidac 1 24
2017 Summer 1 >1 1 Oligochaete 1 6
2017 Summer 1 >1 1 Veneroida Sphacridac 2 2
2017 Summer 2 >1 1 Amphipoda Crangonyctidae Crangonyx 6 5
2017 Summer 2 >1 1 Amphipoda Crangonyctidae Crangonyx 8 3
2017 Summer 2 >1 1 Amphipoda Dogielinotidae Hyalella 2 5
2017 Summer 2 >1 1 Decapoda Cambaridac Cambarinac 1 15
2017 Summer 2 >1 1 Decapoda Palaemonetes 1 8
2017 Summer 2 >1 1 Diptera Ceratopogonidac 1 5
2017 Summer 2 >1 1 Diptera Chironomidae Non-Tanypodinae 3 8
2017 Summer 2 >1 1 Diptera Chironomidac Non-Tanypodinac 16 5
2017 Summer 2 >1 1 Diptera Chironomidae Tanypodinae 3 7
2017 Summer 2 >1 1 Ephemeroptera Bactidac 3 6
2017 Summer 2 >1 1 Ephemeroptera Caenidae 2 5
2017 Summer 2 >1 1 Hemiptera Corixidae 5 3
2017 Summer 2 >1 1 Isopoda Asellidae Caccidotea 1 5
2017 Summer 2 >1 1 Odonata Corduliidac 5 10
2017 Summer 3 >1 1 Amphipoda Cragonyctidae Crangonyx 3 4
2017 Summer 3 >1 1 Amphipoda Cragonyctidae Crangonyx 8 2
2017 Summer 3 >1 1 Decapoda Cambaridae Cambarinae 1 18
2017 Summer 3 >1 1 Diptera Chironomidac Non-Tanypodinac 1 6
2017 Summer 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 5
2017 Summer 3 >1 1 Diptera Chironomidac Non-Tanypodinac 3 8
2017 Summer 3 >1 1 Diptera Chironomidae Tanypodinae 2 5
2017 Summer 3 >1 1 Diptera Chironomidac Tanypodinac 4 8
2017 Summer 3 >1 1 Ephemeroptera Baetidae 2 6
2017 Summer 3 >1 1 Ephemeroptera Cacnidac 4 5
2017 Summer 3 >1 1 Hemiptera Corixidae 1 4
2017 Summer 3 >1 1 Hemiptera Corixidae 2 3
2017 Summer 3 >1 1 Hemiptera Corixidae 2 2
2017 Summer 3 >1 1 Hygrophila Planorbidae 2 2
2017 Summer 3 >1 1 Isopoda Caecidotea Asellidae 1 3
2017 Summer 3 >1 1 Odonata Coenagrionidae 1 7
2017 Summer 3 >1 1 Odonata Coenagrionidae 1 4
2017 Summer 3 >1 1 Odonata Corduliidac 2 20
2017 Summer 1 >1 1 Diptera Ceratopogonidae 2 6
2017 Summer 1 >1 1 Diptera Chironomidac Non-Tanypodinac 1 5
2017 Summer 1 >1 1 Diptera Chironomidae Tanypodinae 2 7
2017 Summer 1 >1 1 Diptera Chironomidac Tanypodinac 2 5
2017 Summer 1 >1 1 Hemiptera Corixidae 3 2
2017 Summer 1 >1 1 Hemiptera Corixidae 5 5
2017 Summer 2 >1 1 Amphipoda Cragonyctidae Crangonyx 1 3
2017 Summer 2 >1 1 Diptera Chironomidac Non-Tanypodinac 1 11
2017 Summer 2 >1 1 Diptera Chironomidae Non-Tanypodinae 1 5
2017 Summer 2 >1 1 Diptera Chironomidac Tanypodinac 1 12
2017 Summer 2 >1 1 Diptera Chironomidae Tanypodinae 1 9
2017 Summer 2 >1 1 Diptera Chironomidac Tanypodinac 3 5
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2017 Summer 22-May |NorthHS. DET 2 >1 1 Diptera Coenagrionidae 1 6
2017 Summer  22-May NorthHS. DET 2 >1 1 Hemiptera Corixidac 1 5
2017 Summer 22-May NorthHS. DET 2 >1 1 Hemiptera Corixidae 1 3
2017 Summer 22-May NorthHS. DET 2 >1 1 Hemiptera Corixidac 1 2
2017 Summer 22-May NorthHS. DET 3 >1 1 Acariformes Hydrachnida 1 1
2017 Summer  22-May NorthHS. DET 3 >1 1 Amphipoda Cragonyctidac Crangonyx 1 3
2017 Summer 22-May NorthHS. DET 3 >1 1 Amphipoda Cragonyctidae Crangonyx 1 5
2017 Summer  22-May NorthHS. DET 3 >1 1 Diptera Ceratopogonidac 1 11
2017 Summer 22-May NorthHS. DET 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 4
2017 Summer  22-May NorthHS. DET 3 >1 1 Diptera Chironomidac Non-Tanypodinac 1 5
2017 Summer 22-May NorthHS. DET 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 8
2017 Summer  22-May NorthHS. DET 3 >1 1 Diptera Chironomidac Non-Tanypodinac 1 9
2017 Summer 22-May NorthHS. DET 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 10
2017 Summer  22-May NorthHS. DET 3 >1 1 Diptera Chironomidac Non-Tanypodinac 3 6
2017 Summer 22-May NorthHS. DET 3 >1 1 Diptera Chironomidae Non-Tanypodinae 3 7
2017 Summer  22-May NorthHS. DET 3 >1 1 Diptera Chironomidac Tanypodinac 1 3
2017 Summer 22-May NorthHS. DET 3 >1 1 Diptera Chironomidae Tanypodinae 1 4
2017 Summer  22-May NorthHS. DET 3 >1 1 Diptera Chironomidac Tanypodinac 1 5
2017 Summer 22-May NorthHS. DET 3 >1 1 Diptera Chironomidae Tanypodinae 1 8
2017 Summer  22-May NorthHS. DET 3 >1 1 Diptera Chironomidac Tanypodinac 2 7
2017 Summer 22-May NorthHS. DET 3 >1 1 Diptera Chironomidae Tanypodinae 4 6
2017 Summer  22-May NorthHS. DET 3 >1 1 Ephemeroptera Bactidac 1 6
2017 Summer 22-May NorthHS. DET 3 >1 1 Hemiptera Corixidae 3 5
2017 Summer  22-May NorthHS. DET 3 >1 1 Odonata Corduliidac 1 3
2017 Summer 22-May NorthHS. SAV 1 >1 1 Amphipoda Cragonyctidae Crangonyx 1 2
2017 Summer  22-May NorthHS. SAV 1 >1 1 Coleoptera Hydrophilidac (larvac) 1 3
2017 Summer 22-May NorthHS. SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 8
2017 Summer 22-May NorthHS. SAV 1 >1 1 Diptera Chironomidac Non-Tanypodinac 5 6
2017 Summer 22-May NorthHS. SAV 1 >1 1 Diptera Chironomidae Tanypodinae 5 4
2017 Summer 22-May NorthHS. SAV 1 >1 1 Diptera Chironomidac Tanypodinac 11 8
2017 Summer 22-May NorthHS. SAV 1 >1 1 Diptera Culicidae Wyeomyia 1 5
2017 Summer  22-May NorthHS. SAV 1 >1 1 Ephemeroptera Bactidac 1 6
2017 Summer 22-May NorthHS. SAV 1 >1 1 Ephemeroptera Caenidae 1 5
2017 Summer  22-May NorthHS. SAV 1 >1 1 Hemiptera Corixidac 2 4
2017 Summer 22-May NorthHS. SAV 1 >1 1 Hemiptera Corixidae 9 2
2017 Summer  22-May NorthHS. SAV 1 >1 1 Hemiptera Corixidac 19 5
2017 Summer 22-May NorthHS. SAV 1 >1 1 Hygrophila Physidae 1 2
2017 Summer 22-May NorthHS. SAV 1 >1 1 Hygrophila Planorbidae 1 2
2017 Summer 22-May NorthHS. SAV 1 >1 1 Odonata Coenagrionidae 2 10
2017 Summer  22-May NorthHS. SAV 1 >1 1 Odonata Coenagrionidac 8 5
2017 Summer 22-May NorthHS. SAV 1 >1 1 Oligochaete 1 6
2017 Summer 22-May NorthHS. SAV 1 >1 1 Rhynchobdellidae  Glossiphonidac 1 2
2017 Summer 22-May NorthHS. SAV 1 >1 1 Trichoptera Leptoceridae Nectopsyche 2 5
2017 Summer  22-May NorthHS. SAV 1 >1 1 Veneroida Sphacridac 1 8
2017 Summer 22-May NorthHS. SAV 2 >1 1 Amphipoda Cragonyctidae Crangonyx 2 3
2017 Summer  22-May NorthHS. SAV 2 >1 1 Amphipoda Cragonyctidac Crangonyx 10 5
2017 Summer 22-May NorthHS. SAV 2 >1 1 Amphipoda Cragonyctidae Crangonyx 10 4
2017 Summer  22-May NorthHS. SAV 2 >1 1 Decapoda Cambaridac 1 14
2017 Summer 22-May NorthHS. SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 1 9
2017 Summer 22-May NorthHS. SAV 2 >1 1 Diptera Chironomidac Non-Tanypodinac 1 8
2017 Summer 22-May NorthHS. SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 3 5
2017 Summer 22-May NorthHS. SAV 2 >1 1 Diptera Chironomidac Tanypodinac 1 10
2017 Summer 22-May NorthHS. SAV 2 >1 1 Diptera Chironomidae Tanypodinae 4 8
2017 Summer  22-May NorthHS. SAV 2 >1 1 Diptera Chironomidac Tanypodinac 5 4
2017 Summer 22-May NorthHS. SAV 2 >1 1 Diptera Chironomidae Tanypodinae 7 5
2017 Summer 22-May NorthHS. SAV 2 >1 1 Ephemeroptera Bactidac 1 5
2017 Summer 22-May NorthHS. SAV 2 >1 1 Ephemeroptera Caenidae 2 3
2017 Summer 22-May NorthHS. SAV 2 >1 1 Hemiptera Corixidac 1 1
2017 Summer 22-May NorthHS. SAV 2 >1 1 Hemiptera Corixidae 5 2
2017 Summer 22-May NorthHS. SAV 2 >1 1 Hemiptera Corixidac 8 5
2017 Summer 22-May NorthHS. SAV 2 >1 1 Hygrophila Planorbidae 8 2
2017 Summer 22-May NorthHS. SAV 2 >1 1 Odonata Coenagrionidac 6 8
2017 Summer 22-May NorthHS. SAV 2 >1 1 Odonata Coenagrionidae 6 4
2017 Summer  22-May NorthHS. SAV 2 >1 1 Odonata Libellulidae 1 16
2017 Summer 22-May NorthHS. SAV 2 >1 1 Ostracoda 27 1
2017 Summer 22-May NorthHS. SAV 2 >1 1 Veneroida Sphacridac 3 2
2017 Summer 22-May NorthHS. SAV 3 >1 1 Amphipoda Cragonyctidae Crangonyx 2 4
2017 Summer 22-May NorthHS. SAV 3 >1 1 Amphipoda Cragonyctidac Crangonyx 10 2
2017 Summer 22-May NorthHS. SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 9
2017 Summer  22-May NorthHS. SAV 3 >1 1 Diptera Chironomidac Non-Tanypodinac 1 7
2017 Summer 22-May NorthHS. SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 17 5
2017 Summer 22-May NorthHS. SAV 3 >1 1 Diptera Chironomidac Tanypodinac 8 6
2017 Summer 22-May NorthHS. SAV 3 >1 1 Ephemeroptera Bactidae 1 6
2017 Summer  22-May NorthHS. SAV 3 >1 1 Hemiptera Corixidac 3 5
2017 Summer 22-May NorthHS. SAV 3 >1 1 Hemiptera Corixidae 8 3
2017 Summer 22-May NorthHS. SAV 3 >1 1 Hemiptera Veliidae 1 2
2017 Summer 22-May NorthHS. SAV 3 >1 1 Hygrophila Planorbidae 2 2
2017 Summer 22-May NorthHS. SAV 3 >1 1 Odonata Coenagrionidac 3 7
2017 Summer 22-May NorthHS. SAV 3 >1 1 Odonata Coenagrionidae 8 5
2017 Summer 22-May NorthHS. SAV 3 >1 1 Oligochaete 2 5
2017 Summer 22-May NorthHS. SAV 3 >1 1 Ostracoda 10 1
2017 Summer 22-May NorthHS. SAV 3 >1 1 Rhynchobdellidae  Glossiphonidac 1 2
2017 Summer 22-May NorthHS. SAV 3 >1 1 Veneroida Sphaeridae 4 2
2017 Summer  22-May DET 1 >1 1 Amphipoda Dogiclinotidac Hyalella 1 4
2017 Summer  22-May DET 1 >1 1 Amphipoda Dogielinotidae Hyalella 1 2
2017 Summer  22-May DET 1 >1 1 Amphipoda Dogiclinotidac Hyalella 2 3
2017 Summer  22-May DET 1 >1 1 Amphipoda Dogielinotidae Hyalella 2 1
2017 Summer  22-May DET 1 >1 1 Colcoptera Haliplidac (adult) 1 4
2017 Summer  22-May DET 1 >1 1 Diptera Ceratopogonidae 1 14
2017 Summer  22-May DET 1 >1 1 Diptera Ceratopogonidae 1 6
2017 Summer  22-May DET 1 >1 1 Diptera Chaoboridae 2 8
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac Non-Tanypodinac 1 8
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 5
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac Tanypodinac 1 8
2017 Summer  22-May DET 1 >1 1 Ephemeroptera Caenidae 1 5
2017 Summer  22-May DET 1 >1 1 Ephemeroptera Caenidac 1 3
2017 Summer  22-May DET 1 >1 1 Ephemeroptera Cacnidae 4 7
2017 Summer  22-May DET 1 >1 1 Hemiptera Corixidac 2 1
2017 Summer  22-May DET 1 >1 1 Hemiptera Corixidae 5 3
2017 Summer  22-May DET 1 >1 1 Odonata Corduliidac 1 19
2017 Summer  22-May DET 1 >1 1 Oligochaete 2 8
2017 Summer  22-May DET 1 >1 1 Oligochaete 10 18
2017 Summer  22-May DET 1 >1 1 Oligochaete 10 14
2017 Summer  22-May DET 2 >1 1 Acariformes Hydrachnida 2 1
2017 Summer  22-May DET 2 >1 1 Amphipoda Dogielinotidae Hyalella 3 3
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidac Non-Tanypodinac 1 5
2017 Summer  22-May DET 2 >1 1 Ephemeroptera Caenidae 1 5
2017 Summer  22-May DET 2 >1 1 Ephemeroptera Caenidac 1 4
2017 Summer  22-May DET 2 >1 1 Ephemeroptera Caenidae 1 3
2017 Summer  22-May DET 2 >1 1 Ephemeroptera Caenidac 1 2
2017 Summer  22-May DET 2 >1 1 Hemiptera Corixidae 1 3
2017 Summer  22-May DET 2 >1 1 Hemiptera Corixidae 3 5
2017 Summer  22-May DET 2 >1 1 Hemiptera Corixidae 4 2
2017 Summer  22-May DET 2 >1 1 Oligochaete 2 5
2017 Summer  22-May DET 3 >1 1 Amphipoda Cragonyctidae Crangonyx 3 3
2017 Summer  22-May DET 3 >1 1 Collembola 1 1



WOB Data
Fixed Abundance
Subfraction (> |Subsample (accounts for Size

Year  |Season  |Date [Site Habitat | Replication or<1) (fraction) Order Family Genus Abundance subsampling) FFG | Class*

2017 Summer  22-May DET 3 >1 1 Diptera Ceratopogonidae 1 12
2017 Summer  22-May DET 3 >1 1 Diptera Chaoboridae 1 5
2017 Summer  22-May DET 3 >2 2 Diptera Chironomidae Non-Tanypodinae 2 4
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidac Tanypodinac 2 6
2017 Summer  22-May DET 3 >1 1 Ephemeroptera Cacnidae 1 4
2017 Summer  22-May DET 3 >1 1 Hemiptera Corixidac 1 4
2017 Summer  22-May DET 3 >1 1 Hemiptera Corixidae 3 2
2017 Summer  22-May DET 3 >1 1 Oligochaete 2 5
2017 Summer  22-May SAV 1 >1 1 Acariformes Hydrachnida 4 1
2017 Summer  22-May SAV 1 >1 1 Acariformes Hydrachnida 4 1
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogielinotidae Hyalella 2 1
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogiclinotidac Hyalella 2 1
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogielinotidae Hyalella 3 3
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogiclinotidac Hyalella 3 2
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogielinotidae Hyalella 3 3
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogielinotidac Hyalella 3 2
2017 Summer  22-May SAV 1 >1 1 Decapoda Palaemonetes 1 8
2017 Summer  22-May SAV 1 >1 1 Decapoda Palacmonetes 1 8
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 1 5
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 1 5
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 2 10
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 2 10
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 8
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Tanypodinac 2 6
2017 Summer  22-May SAV 1 >1 1 Diptera Non-Tanypodinae 1 8
2017 Summer  22-May SAV 1 >1 1 Diptera Tanypodinac 2 6
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Baetidae 4 8
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Bactidac 4 8
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Cacnidae 8 3
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Caenidac 8 3
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Cacnidae 13 6
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Caenidac 13 6
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Cacnidae 21 5
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Caenidac 21 5
2017 Summer  22-May SAV 1 >1 1 Hemiptera Corixidae 4 4
2017 Summer  22-May SAV 1 >1 1 Hemiptera Corixidac 4 4
2017 Summer  22-May SAV 1 >1 1 Hemiptera Corixidae 5 6
2017 Summer  22-May SAV 1 >1 1 Hemiptera Corixidac 5 6
2017 Summer  22-May SAV 1 >1 1 Hemiptera Corixidae 7 2
2017 Summer  22-May SAV 1 >1 1 Hemiptera Corixidac 7 2
2017 Summer  22-May SAV 1 >1 1 Odonata Coenagrionidae 1 4
2017 Summer  22-May SAV 1 >1 1 Odonata Coenagrionidac 1 4
2017 Summer  22-May SAV 1 >1 1 Oligochaete 4 6
2017 Summer  22-May SAV 1 >1 1 Oligochaete 4 6
2017 Summer  22-May SAV 1 >1 1 Ostracoda 4 1
2017 Summer  22-May SAV 1 >1 1 Ostracoda 4 1
2017 Summer  22-May SAV 2 >1 1 Acariformes Hydrachnida 1 1
2017 Summer  22-May SAV 2 >1 1 Amphipoda Dogiclinotidac Hyalella 3 4
2017 Summer  22-May SAV 2 >1 1 Coleoptera Haliplidae (larvac) 1 4
2017 Summer  22-May SAV 2 >1 1 Decapoda Palacmonetes 1 6
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 1 3
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Tanypodinac 1 8
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Baetidae 2 6
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Caenidac 2 2
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Cacnidae 4 8
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Caenidac 9 6
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Cacnidae 11 5
2017 Summer  22-May SAV 2 >1 1 Odonata Coenagrionidac 1 4
2017 Summer  22-May SAV 2 >1 1 Ostracoda 5 1
2017 Summer  22-May SAV 3 >1 1 Acariformes Hydrachnida 7 1
2017 Summer  22-May SAV 3 >1 1 Amphipoda Dogielinotidae Hyalella 65 3
2017 Summer  22-May SAV 3 >1 1 Colcoptera Dytiscidac (larvac) 1 3
2017 Summer  22-May SAV 3 >1 1 Coleoptera Haliplidae (larvac) 2 4
2017 Summer  22-May SAV 3 >1 1 Diptera Ceratopogonidac 32 6
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 6
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidac Tanypodinac 9 7
2017 Summer  22-May SAV 3 >1 1 Ephemeroptera Bactidae 2 3
2017 Summer  22-May SAV 3 >1 1 Ephemeroptera Caenidac 150 4
2017 Summer  22-May SAV 3 >1 1 Hemiptera Corixidae 5 3
2017 Summer  22-May SAV 3 >1 1 Hygrophila Planorbidae 4 2
2017 Summer  22-May SAV 3 >1 1 Odonata Coenagrionidae 4 7
2017 Summer  22-May SAV 3 >1 1 Odonata Corduliidac 3 5
2017 Summer  22-May SAV 3 >1 1 Ostracoda 1 1
2017 Summer  22-May DET 1 >1 1 Amphipoda Cragonyctidac Crangonyx 1 3
2017 Summer  22-May DET 1 >1 1 Coleoptera Hydrophilidae (larvae) 1 4
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac Non-Tanypodinac 1 4
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 9
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac Non-Tanypodinac 2 7
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 3 s
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac Tanypodinac 2 8
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidae Tanypodinae 3 6
2017 Summer  22-May DET 1 >1 1 Hemiptera Corixidac 1 5
2017 Summer  22-May DET 1 >1 1 Oligochaete 3 5
2017 Summer  22-May DET 1 >1 1 Ostracoda 2 2
2017 Summer  22-May DET 1 >1 1 Veneroida Sphacridae 5 4
2017 Summer  22-May DET 1 >1 1 Veneroida Sphacridac 7 5
2017 Summer  22-May DET 2 >1 1 Decapoda Cambaridae Cambarinae 1 33
2017 Summer  22-May DET 2 >1 1 Decapoda Cambaridac Cambarinae 1 20
2017 Summer  22-May DET 2 >1 1 Diptera Chaoboridae 1 9
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidac Non-Tanypodinac 1 12
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidae Tanypodinae 7 7
2017 Summer  22-May DET 2 >1 1 Hemiptera Corixidac 1 4
2017 Summer  22-May DET 2 >1 1 Hemiptera Corixidae 2 s
2017 Summer  22-May DET 2 >1 1 Hygrophila Physidac 1 2
2017 Summer  22-May DET 2 >1 1 Hygrophila Planorbidae 1 2
2017 Summer  22-May DET 2 >1 1 Veneroida Sphacridac 2 7
2017 Summer  22-May DET 2 >1 1 Veneroida Sphaeridae 4 3
2017 Summer  22-May DET 2 >1 1 Veneroida Sphacridac 10 5
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidae Non-Tanypodinae 2 7
2017 Summer  22-May DET 3 >1 1 Hemiptera Belostomatidac 1 6
2017 Summer  22-May DET 3 >1 1 Hemiptera Corixidae 1 6
2017 Summer  22-May DET 3 >1 1 Hemiptera Corixidac 1 4
2017 Summer  22-May DET 3 >1 1 Hemiptera Corixidae 1 2
2017 Summer  22-May DET 3 >1 1 Oligochaete 2 5
2017 Summer  22-May DET 3 >1 1 Veneroida Sphacridae 4 5
2017 Summer  22-May DET 3 >1 1 Veneroida Sphacridac 5 3
2017 Summer  22-May SAV 1 >1 1 Amphipoda Cragonyctidae Crangonyx 2 s
2017 Summer  22-May SAV 1 >1 1 Amphipoda Cragonyctidae Crangonyx 7 2
2017 Summer  22-May SAV 1 >1 1 Coleoptera Hydrophilidae (adult) 1 4
2017 Summer  22-May SAV 1 >1 1 Decapoda Cambaridac Cambarinac 1 15
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 1 9
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Non-Tanypodinac 1 9
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 4
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Non-Tanypodinac 1 3
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 4 6
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Tanypodinac 1 8



WOB Data
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2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Tanypodinae 1 4
2017 Summer  22-May SAV 1 >1 1 Hemiptera Belostomatidae 1 14
2017 Summer  22-May SAV 1 >1 1 Hemiptera Belostomatidae 1 8
2017 Summer  22-May SAV 1 >1 1 Hemiptera Corixidac 4 3
2017 Summer  22-May SAV 1 >1 1 Hygrophila Lymnacidal 2 4
2017 Summer  22-May SAV 1 >1 1 Odonata Acshnidac 1 15
2017 Summer  22-May SAV 1 >1 1 Odonata Coenagrionidae 1 11
2017 Summer  22-May SAV 1 >1 1 Veneroida Sphacridac 1 5
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 2 5
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Non-Tanypodinac 4 3
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Tanypodinae 1 7
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Tanypodinac 2 4
2017 Summer  22-May SAV 2 >1 1 Hygrophila Physidae 1 2
2017 Summer  22-May SAV 2 >1 1 Odonata Cocnagrionidac 1 15
2017 Summer  22-May SAV 2 >1 1 Oligochaete 2 5
2017 Summer  22-May SAV 2 >1 1 Ostracoda 3 2
2017 Summer  22-May SAV 2 >1 1 Veneroida Sphacridae 1 7
2017 Summer  22-May SAV 2 >1 1 Veneroida Sphacridac 2 5
2017 Summer  22-May SAV 3 >1 1 Amphipoda Cragonyctidae Crangonyx 1 4
2017 Summer  22-May SAV 3 >1 1 Colcoptera Dytiscidac (adult) 1 2
2017 Summer  22-May SAV 3 >1 1 Decapoda Palaemonetes 1 11
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidac Non-Tanypodinac 1 8
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 6
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidac Tanypodinac 1 8
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Tanypodinae 3 6
2017 Summer  22-May SAV 3 >1 1 Hemiptera Corixidac 1 4
2017 Summer  22-May SAV 3 >1 1 Hemiptera Corixidae 1 2
2017 Summer  22-May SAV 3 >1 1 Hemiptera Corixidac 2 3
2017 Summer  22-May SAV 3 >1 1 Hemiptera Corixidae 4 5
2017 Summer  22-May SAV 3 >1 1 Ostracoda 1 2
2017 Summer  22-May SAV 3 >1 1 Veneroida Sphacridae 1 8
2017 Summer  22-May SAV 3 >1 1 Veneroida Sphacridac 1 3
2017 Summer  22-May SAV 3 >1 1 Veneroida Sphacridac 4 4
2017 Summer  22-May DET 1 >1 1 Coleoptera Dytiscidac (larvac) 1 4
2017 Summer  22-May DET 1 >1 1 Decapoda Cambaridae Cambarinae 1 19
2017 Summer  22-May DET 1 >1 1 Decapoda Palacmonetes 1 9
2017 Summer  22-May DET 1 >1 1 Diptera Ceratopogonidae 1 6
2017 Summer  22-May DET 1 >1 1 Diptera Ceratopogonidae 2 5
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 3 5
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac Tanypodinac 1 13
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidae 2 4
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac 5 8
2017 Summer  22-May DET 1 >1 1 Hemiptera Corixidae 1 4
2017 Summer  22-May DET 1 >1 1 Hemiptera Corixidac 1 3
2017 Summer  22-May DET 1 >1 1 Hemiptera Corixidae 7 5
2017 Summer  22-May DET 1 >1 1 Hygrophila Lymnacidal 2 3
2017 Summer  22-May DET 1 >1 1 Odonata Corduliidae 1 16
2017 Summer  22-May DET 1 >1 1 Oligochaete 3 15
2017 Summer  22-May DET 1 >1 1 Rhynchobdellida  Glossiphoniidae 1 7
2017 Summer  22-May DET 2 >1 1 Amphipoda Dogiclinotidac Hyalella 10 15
2017 Summer  22-May DET 2 >1 1 Diptera Ceratopogonidae 1 8
2017 Summer  22-May DET 2 >1 1 Diptera Ceratopogonidae 2 12
2017 Summer  22-May DET 2 >1 1 Diptera Ceratopogonidae 2 6
2017 Summer  22-May DET 2 >1 1 Diptera Ceratopogonidae 6 5
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidae Non-Tanypodinae 3 3
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidac Non-Tanypodinac 4 7
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidae Non-Tanypodinae 8 5
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidac Tanypodinac 3 8
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidae Tanypodinae 8 5
2017 Summer  22-May DET 2 >1 1 Diptera Coenagrionidae 1 10
2017 Summer  22-May DET 2 >1 1 Diptera Coenagrionidae 1 9
2017 Summer  22-May DET 2 >1 1 Diptera Coenagrionidae 1 8
2017 Summer  22-May DET 2 >1 1 Hemiptera Corixidae 1 4
2017 Summer  22-May DET 2 >1 1 Hemiptera Corixidae 1 3
2017 Summer  22-May DET 2 >1 1 Hemiptera Corixidae 5 5
2017 Summer  22-May DET 2 >1 1 Hygrophila Physidac 1 5
2017 Summer  22-May DET 2 >1 1 Hygrophila Physidae 1 4
2017 Summer  22-May DET 2 >1 1 Hygrophila Physidac 1 3
2017 Summer  22-May DET 2 >1 1 Hygrophila Planorbidae 2 2
2017 Summer  22-May DET 2 >1 1 Oligochacte 3 5
2017 Summer  22-May DET 2 >1 1 Oligochacte 8 8
2017 Summer  22-May DET 2 >1 1 Oligochacte 10 15
2017 Summer  22-May DET 2 >1 1 Oligochaete 11 12
2017 Summer  22-May DET 2 >1 1 Veneroida Sphacridac 3 3
2017 Summer  22-May DET 3 >1 1 Coleoptera Chrysomelidae (adult) 1 3
2017 Summer  22-May DET 3 >1 1 Coleoptera Dytiscidac (larvac) 1 3
2017 Summer  22-May DET 3 >1 1 Decapoda Palaemonetes 3 5
2017 Summer  22-May DET 3 >1 1 Diptera Ceratopogonidae 1 10
2017 Summer  22-May DET 3 >1 1 Diptera Ceratopogonidae 1 8
2017 Summer  22-May DET 3 >1 1 Diptera Ceratopogonidae 2 12
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidae Non-Tanypodinae 12 6
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidac Non-Tanypodinac 13 7
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidae Tanypodinae 2 8
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidac Tanypodinac 3 4
2017 Summer  22-May DET 3 >1 1 Ephemeroptera Baetidae 1 8
2017 Summer  22-May DET 3 >1 1 Hemiptera Corixidae 1 2
2017 Summer  22-May DET 3 >1 1 Odonata Coenagrionidae 1 6
2017 Summer  22-May DET 3 >1 1 Oligochacte 1 6
2017 Summer  22-May SAV 1 >1 1 Coleoptera Dytiscidae (larvae) 1 3
2017 Summer  22-May SAV 1 >1 1 Decapoda Palacmonetes 2 9
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 2 10
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 3 9
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 1 3
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Non-Tanypodinac 1 2
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 9
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Non-Tanypodinac 2 8
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 2 7
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Non-Tanypodinac 3 5
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 4 4
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Tanypodinac 1 7
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Tanypodinae 7 5
2017 Summer  22-May SAV 1 >1 1 Hemiptera Belostomatidae 1 5
2017 Summer  22-May SAV 1 >1 1 Hemiptera Corixidae 1 2
2017 Summer  22-May SAV 1 >1 1 Hygrophila Planorbidae 1 2
2017 Summer  22-May SAV 1 >1 1 Isopoda Asellidae Caccidotea 2 4
2017 Summer  22-May SAV 1 >1 1 Odonata Coenagrionidae 2 10
2017 Summer  22-May SAV 1 >1 1 Odonata Coenagrionidae 3 9
2017 Summer  22-May SAV 1 >1 1 Oligochacte 1 9
2017 Summer  22-May SAV 1 >1 1 Oligochaete 1 8
2017 Summer  22-May SAV 1 >1 1 Oligochacte 1 5
2017 Summer  22-May SAV 2 >1 1 Acariformes Hydrachnida 3 1
2017 Summer  22-May SAV 2 >1 1 Amphipoda Dogiclinotidac Hyalella 2 3
2017 Summer  22-May SAV 2 >1 1 Coleoptera Dytiscidae (larvae) 1 3
2017 Summer  22-May SAV 2 >1 1 Coleoptera Dytiscidac (larvac) 3 4
2017 Summer  22-May SAV 2 >1 1 Coleoptera Hydrophilidae Berosus (larvac) 1 12
2017 Summer  22-May SAV 2 >1 1 Decapoda Palacmonetes 1 4
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2017 Summer  22-May SAV 2 >1 1 Diptera Ceratopogonidae 2 8
2017 Summer  22-May SAV 2 >1 1 Diptera Ceratopogonidae 3 9
2017 Summer  22-May SAV 2 >1 1 Diptera Ceratopogonidae 3 7
2017 Summer  22-May SAV 2 >1 1 Diptera Ceratopogonidae 3 6
2017 Summer  22-May SAV 2 >1 1 Diptera Ceratopogonidae 4 11
2017 Summer  22-May SAV 2 >1 1 Diptera Ceratopogonidac 6 10
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 2 3
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Non-Tanypodinac 3 9
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 5 4
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Non-Tanypodinac 9 5
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 9 7
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Non-Tanypodinac 10 6
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 12 8
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Tanypodinac 2 3
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Tanypodinae 3 7
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Tanypodinac 6 5
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Tanypodinae 11 6
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidac Tanypodinac 12 4
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Baetidae 2 8
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Caenidac 6 5
2017 Summer  22-May SAV 2 >1 1 Hemiptera Mesoveliidae 1 5
2017 Summer  22-May SAV 2 >1 1 Hygrophila Physidac 4 3
2017 Summer  22-May SAV 2 >1 1 Hygrophila Planorbidae 1 3
2017 Summer  22-May SAV 2 >1 1 Hygrophila Planorbidae 3 2
2017 Summer  22-May SAV 2 >1 1 Odonata Coenagrionidae 1 10
2017 Summer  22-May SAV 2 >1 1 Odonata Cocnagrionidac 1 4
2017 Summer  22-May SAV 2 >1 1 Odonata Coenagrionidae 2 7
2017 Summer  22-May SAV 2 >1 1 Odonata Coenagrionidac 4 8
2017 Summer  22-May SAV 2 >1 1 Odonata Corduliidae 1 19
2017 Summer  22-May SAV 2 >1 1 Odonata Corduliidac 1 2
2017 Summer  22-May SAV 2 >1 1 Odonata Corduliidae 2 3
2017 Summer  22-May SAV 2 >1 1 Oligochaete 2 8
2017 Summer  22-May SAV 2 >1 1 Ostracoda 2 1
2017 Summer  22-May SAV 2 >1 1 Trichoptera Leptoceridac Occetis 1 3
2017 Summer  22-May SAV 3 >1 1 Amphipoda Dogielinotidae Hyalella 44 3
2017 Summer  22-May SAV 3 >1 1 Colcoptera Diytiscidac (larvac) 3 5
2017 Summer  22-May SAV 3 >1 1 Coleoptera Diytiscidae (larvae) 3 4
2017 Summer  22-May SAV 3 >1 1 Diptera Ceratopogonidac 5 6
2017 Summer  22-May SAV 3 >1 1 Diptera Ceratopogonidae 8 9
2017 Summer  22-May SAV 3 >1 1 Diptera Ceratopogonidae 12 10
2017 Summer  22-May SAV 3 >1 1 Diptera Ceratopogonidae 12 7
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidac Non-Tanypodinac 10 9
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 20 7
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidac Non-Tanypodinac 20 5
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 20 4
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidac Non-Tanypodinac 30 6
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Tanypodinae 2 8
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidac Tanypodinac 18 6
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Tanypodinae 2 5
2017 Summer  22-May SAV 3 >1 1 Ephemeroptera Bactidac 2 7
2017 Summer  22-May SAV 3 >1 1 Ephemeroptera Caenidae 3 5
2017 Summer  22-May SAV 3 >1 1 Hemiptera Pleidac 1 2
2017 Summer  22-May SAV 3 >1 1 Hygrophila Physidae 3 3
2017 Summer  22-May SAV 3 >1 1 Hygrophila Planorbidae 6 2
2017 Summer  22-May SAV 3 >1 1 Isopoda Asellidae Caecidotea 2 4
2017 Summer  22-May SAV 3 >1 1 Odonata Coenagrionidac 5 8
2017 Summer  22-May SAV 3 >1 1 Odonata Coenagrionidae 5 5
2017 Summer  22-May SAV 3 >1 1 Odonata Corduliidac 2 18
2017 Summer  22-May DET 1 >1 1 Amphipoda Dogielinotidae Hyalella 68 3
2017 Summer  22-May DET 1 >1 1 Colcoptera Chrysomelidac (larvac) 2 15
2017 Summer  22-May DET 1 >1 1 Decapoda Palaemonetes 2 8
2017 Summer  22-May DET 1 >1 1 Diptera Ceratopogonidae 12 4
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidae Non-Tanypodinae 10 8
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac Tanypodinac 9 6
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidae Tanypodinae 10 10
2017 Summer  22-May DET 1 >1 1 Diptera Chironomidac Tanypodinac 10 8
2017 Summer  22-May DET 1 >1 1 Ephemeroptera Caenidae 1 6
2017 Summer  22-May DET 1 >1 1 Neuroptera Sisyridae Sisyra 1 4
2017 Summer  22-May DET 2 >1 1 Amphipoda Dogielinotidae Hyalella 16 4
2017 Summer  22-May DET 2 >1 1 Colcoptera Chrysomelidac (larvac) 1 23
2017 Summer  22-May DET 2 >1 1 Coleoptera Chrysomelidae (larvac) 2 15
2017 Summer  22-May DET 2 >1 1 Coleoptera Chrysomelidac (larvac) 3 6
2017 Summer  22-May DET 2 >1 1 Diptera Ceratopogonidae 1 8
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidac Non-Tanypodinac 3 6
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidae Non-Tanypodinae 7 12
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidac Tanypodinac 6 8
2017 Summer  22-May DET 2 >1 1 Diptera Chironomidae Tanypodinae 10 4
2017 Summer  22-May DET 2 >1 1 Hirudinea 1 4
2017 Summer  22-May DET 2 >1 1 Hirudinea 3 11
2017 Summer  22-May DET 3 >1 1 Amphipoda Dogiclinotidac Hyalella 8 4
2017 Summer  22-May DET 3 >1 1 Amphipoda Dogielinotidae Hyalella 46 3
2017 Summer  22-May DET 3 >1 1 Colcoptera Chrysomelidac (larvac) 1 10
2017 Summer  22-May DET 3 >1 1 Coleoptera Chrysomelidae (larvac) 3 6
2017 Summer  22-May DET 3 >1 1 Decapoda Palacmonetes 1 5
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidae Non-Tanypodinae 15 3
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidac Non-Tanypodinac 19 13
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidae Tanypodinae 12 10
2017 Summer  22-May DET 3 >1 1 Diptera Chironomidac Tanypodinac 20 8
2017 Summer  22-May DET 3 >1 1 Ephemeroptera Caenidae 5 4
2017 Summer  22-May DET 3 >1 1 Ephemeroptera Caenidac 6 5
2017 Summer  22-May DET 3 >1 1 Hemiptera Corixidae 1 3
2017 Summer  22-May DET 3 >1 1 Hirudinea 4 14
2017 Summer  22-May DET 3 >1 1 Trichoptera Hydroptilinae Oxyethira 1 2
2017 Summer  22-May DET 3 >1 1 Trichoptera Leptoceridac Occetis 1 3
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogielinotidae Hyalella 2 s
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogiclinotidac Hyalella 9 4
2017 Summer  22-May SAV 1 >1 1 Amphipoda Dogielinotidae Hyalella 10 3
2017 Summer  22-May SAV 1 >1 1 Coleoptera Dytiscidac (adult) 1 5
2017 Summer  22-May SAV 1 >1 1 Coleoptera Dytiscidae (adult) 2 4
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 1 10
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 1 9
2017 Summer  22-May SAV 1 >1 1 Diptera Ceratopogonidae 1 8
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Non-Tanypodinae 3 8
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Non-Tanypodinac 7 5
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidae Tanypodinae 8 8
2017 Summer  22-May SAV 1 >1 1 Diptera Chironomidac Tanypodinac 8 5
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Baetidae 3 4
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Cacnidac 9 5
2017 Summer  22-May SAV 1 >1 1 Ephemeroptera Caenidae 9 3
2017 Summer  22-May SAV 1 >1 1 Hemiptera Pleidac 1 1
2017 Summer  22-May SAV 1 >1 1 Hygrophila Physidae 1 2
2017 Summer  22-May SAV 1 >1 1 Odonata Coenagrionidae 1 6
2017 Summer  22-May SAV 1 >1 1 Odonata Corduliidae 1 14
2017 Summer  22-May SAV 1 >1 1 Oligochacte 1 9
2017 Summer  22-May SAV 1 >1 1 Rhynchobdellida  Glossiphoniidae 1 4
2017 Summer  22-May SAV 2 >1 1 Amphipoda Dogiclinotidac Hyalella 15 3



WOB Data
Fixed Abundance
Subfraction (> |Subsample (accounts for Size

Year  |Season  |Date [Site Habitat __|Replication or<1) (fraction) Order Family Genus Abundance subsampling) FFG | Class*

2017 Summer  22-May SAV 2 >1 1 Coleoptera Dytiscidae (adult) 4 3
2017 Summer  22-May SAV 2 >1 1 Coleoptera Dytiscidae (larvae) 2 4
2017 Summer  22-May SAV 2 >1 1 Coleoptera Noteridae (larvae) 1 4
2017 Summer  22-May SAV 2 >1 1 Decapoda Palacmonetes 1 3
2017 Summer  22-May SAV 2 >1 1 Diptera Ceratopogonidae 2 12
2017 Summer  22-May SAV 2 >1 1 Diptera Ceratopogonidac 2 6
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Non-Tanypodinae 4 8
2017 Summer  22-May SAV 2 >1 1 Diptera Chironomidae Tanypodinae 49 8
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Baetidae 5 6
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Caenidae 50 5
2017 Summer  22-May SAV 2 >1 1 Ephemeroptera Caenidae 53 3
2017 Summer  22-May SAV 2 >1 1 Hirudinea 1 13
2017 Summer  22-May SAV 2 >1 1 Hygrophila Physidae 2 4
2017 Summer  22-May SAV 2 >1 1 Hygrophila Planorbidae 2 5
2017 Summer  22-May SAV 2 >1 1 Odonata Coenagrionidae 1 16
2017 Summer  22-May SAV 2 >1 1 Odonata Coenagrionidac 5 9
2017 Summer  22-May SAV 2 >1 1 Odonata Corduliidae 1 16
2017 Summer  22-May SAV 2 >1 1 Veneroida Sphaeridac 2 3
2017 Summer  22-May SAV 3 >1 1 Amphipoda Dogielinotidae Hyalella 6 3
2017 Summer  22-May SAV 3 >1 1 Amphipoda Dogielinotidac Hyalella 8 4
2017 Summer  22-May SAV 3 >1 1 Coleoptera Dytiscidae (larvae) 1 3
2017 Summer  22-May SAV 3 >1 1 Coleoptera Noteridae (larvae) 1 3
2017 Summer  22-May SAV 3 >1 1 Diptera Ceratopogonidae 1 12
2017 Summer  22-May SAV 3 >1 1 Diptera Ceratopogonidac 1 9
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 8
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 1 5
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Non-Tanypodinae 3 4
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Tanypodinae 3 5
2017 Summer  22-May SAV 3 >1 1 Diptera Chironomidae Tanypodinae 4 8
2017 Summer  22-May SAV 3 >1 1 Ephemeroptera Bactidae 6 6
2017 Summer  22-May SAV 3 >1 1 Ephemeroptera Caenidae 2 3
2017 Summer  22-May SAV 3 >1 1 Ephemeroptera Caenidae 40 5
2017 Summer  22-May SAV 3 >1 1 Ephemeroptera Caenidae 40 4
2017 Summer  22-May SAV 3 >1 1 Hirudinea 1 11
2017 Summer  22-May SAV 3 >1 1 Hygrophila Physidae 1 4
2017 Summer  22-May SAV 3 >1 1 Hygrophila Physidae 1 2
2017 Summer  22-May SAV 3 >1 1 Odonata Coenagrionidae 1 8
2017 Summer  22-May SAV 3 >1 1 Odonata Coenagrionidac 1 4
2017 Summer  22-May SAV 3 >1 1 Odonata Coenagrionidae 4 5
2017 Summer  22-May SAV 3 >1 1 Odonata Corduliidae 1 3
2017 Summer  22-May SAV 3 >1 1 Ostracoda 1 2
2017 Summer  22-May SAV 3 >1 1 Veneroida Sphaeridac 11 2



Stream Storm Flow Summary

Site

Ballfields
Ballfields
Ballfields
Ballfields
Ballfields

Banaszak
Banaszak
Banaszak
Banaszak
Banaszak

BurnsPark
BurnsPark
BurnsPark
BurnsPark
BurnsPark

DogPark
DogPark
DogPark
DogPark
DogPark

GolfCourse
GolfCourse
GolfCourse
GolfCourse
GolfCourse

Henry
Henry
Henry
Henry
Henry

PumpStatic
PumpStatic

Waterbod
Date y

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream

Lat

34.84611
34.84611
34.84611
34.84611
34.84611

34.88532
34.88532
34.88532
34.88532
34.88532

34.80231
34.80231
34.80231
34.80231
34.80231

34.85177
34.85177
34.85177
34.85177
34.85177

34.84334
34.84334
34.84334
34.84334
34.84334

34.8662
34.8662
34.8662
34.8662
34.8662

34.81342
34.81342

Long
-92.38044
-92.38044
-92.38044
-92.38044
-92.38044

-92.35166
-92.35166
-92.35166
-92.35166
-92.35166

-92.32689
-92.32689
-92.32689
-92.32689
-92.32689

-92.39407
-92.39407
-92.39407
-92.39407
-92.39407

-92.39408
-92.39408
-92.39408
-92.39408
-92.39408

-92.35101
-92.35101
-92.35101
-92.35101
-92.35101

-92.34218
-92.34218

Flow
storm
storm
storm
storm
storm

average
min
max

storm
storm
storm
storm
storm
average
min
max

storm
storm
storm
storm
storm
average
min
max

storm
storm
storm
storm
storm
average
min
max

storm
storm
storm
storm
storm
average
min
max

storm
storm
storm
storm
storm
average
min
max

storm
storm

TN (mg/L) TP (mg/L)

1.25
0.7
1.51
1.14
0.9
11
0.7
1.51

1.26
0.67
1.66
1.94
1.12
{1855
0.67
1.94

0.89
0.53
1.62
0.95
0.95
0.988
0.53
1.62

1.14
0.6
0.72
0.69
0.83
0.796
0.6
1.14

0.34
0.83
0.84
0.84
0.95
0.76
0.34
0.95

0.6
0.41
0.85
091
0.36

0.626
0.36
0.91

0.98
0.58

0.282
0.136
0.402
0.235
0.166
0.2442
0.136
0.402

0.138
0.114
0.349
0.475
0.159
0.247
0.114
0.475

0.088
0.094
0.327
0.074
0.086
0.1338
0.074
0.327

0.1
0.076
0.137
0.079
0.117

0.1018
0.076
0.137

0.168
0.094
0.197
0.176
0.12
0.151
0.094
0.197

0.038
0.048
0.226
0.24
0.053
0.121
0.038
0.24

0.118
0.032

Nitrate-
nitrite
(mg/L)

0.32
0.08
0.68
0.26
0.14
0.296
0.08
0.68

0.42
0.1
0.57
119
0.27
0.51
0.1
1.19

0.37
0.15
0.87
0
0.29
0.336
0
0.87

0.56
0.18
0.33
0.31
0.29
0.334
0.18
0.56

0.63
0.22
0.25
0.32
0.22
0.328
0.22
0.63

0.15
0.07
0
0
0
0.044

0.15

0.49
0.17

SRP
(mg/L)
0.091
0.025
0.182
0.033
0.03
0.0722
0.025
0.182

0.057
0.047
0.17
0.411
0.045
0.146
0.045
0.411

0.041
0.043
0.138
0.012
0.024
0.0516
0.012
0.138

0.057
0.037
0.08
0.035
0.033
0.0484
0.033
0.08

0.085
0.067
0.108
0.089
0.04
0.0778
0.04
0.108

0.02
0.018
0.033

0.04
0.008

0.0238
0.008
0.04

0.059
0.042

Ammoniu
m (mg/L)
0.21
0.11
0.08
0.03
0.06
0.098
0.03
0.21

0.23
0.14
0.3
0.03
0.15
0.17
0.03
0.3

0.1
0.1
0.13
0.05
0.08
0.092
0.05
0.13

0.14
0.17
0.06
0.03
0.05
0.09
0.03
0.17

0.18
0.16
0.11
0.05
0.08
0.116
0.05
0.18

0.11
0.08
0.02
0.02
0.02
0.05
0.02
0.11

0.11
0.09

MeanTDS
(mg/L)
181.23
181.23

64.784841

436.86605

94.806958

191.78357

64.784841

436.86605

108.18
108.18
68.283705
152.48134
80.816329
103.58827
68.283705
152.48134

124.06
124.06
88.493376
188.19359
145.61309
134.08401
88.493376
188.19359

155.59
155.59
84.303712
117.8246
87.156849
120.09303
84.303712
155.59

171.21
368.86
81.154028
101.97657
116.97991
168.0361
81.154028
368.86

90.18
90.18
71.318889
127.43308
58.595869
87.541568
58.595869
127.43308

176.13
176.13

Mean Ash-
Free TSS
(mg/L)
231.1
257.26
47.6412417
32.268733
44.6359517
122.581185
32.268733
257.26

37.43
47.16
49.1153744
28.4757632
81.4365497
48.7235375
28.4757632
81.4365497

30.92
34.59
71.493096
13.2477153
14.6099451
32.9721513
13.2477153
71.493096

22.48
25.5
24.3237384
13.7506887
55.3823904
28.2873635
13.7506887
55.3823904

41.55
103.09
28.3061639
25.9486165
36.4513645
47.069229
25.9486165
103.09

21.11
23.62
48.5925889
78.929703
33.3070515
41.1118687
21.11
78.929703

29.95
3494

MeanTSS
(mg/L)
257.26
47.16
56.134495
36.652331
98.475339
99.136433
36.652331
257.26

47.16
34.59
62.045665
34.765078
55.807173
46.873583
34.59
62.045665

34.59
257.26
81.115367
17.985843
43.794496
86.949141
17.985843
257.26

255
103.09
29.355126
17.155437
41.820664
43.384245
17.155437
103.09

47.85
255
35.956932
32.777816
35.593617
35.535673
25.5
47.85

23.62
23.76
66.882815
95.817443
15.438011
45.103654
15.438011
95.817443

34.94
38.26

Temp (2C)
14.8
14.74
12.01
13.96
12.92
13.686
12.01
14.8

8.42
14.56
11.97

14
12.43
12.276

8.42

14.56

10.3
14.68
12.36
11.26

12.8
12.28

10.3
14.68

11.56
15.21
12.82
14.89
13.07
13.51
11.56
15.21

20.53
14.84
11.71
14.66
13.13
14.974
11.71
20.53

8.36
13.95
NA
11.57
11.51
11.3475
8.36
13.95

7.84
14.85

pH (s.u.)
4.06
6.71
6.89
5.92
5.93
5.902
4.06
6.89

4.12
6.6
5.56
5.64
551
5.486
4.12
6.6

4.15
7.57
6.23
6.53
6.2
6.136
4.15
7.57

4.36
7.23
6.02
6.06
6
5.934
4.36
7.23

4.2
6.95
6.02
5.79
5.96

5.784

4.2

6.95

5.68
7
NA
5.55
5.32
5.8875
5.32
7

4.06
7.49

ORP (mV)
559
449
484
422
385

459.8
385
559

512
420
507
431
489
471.8
420
512

489
420
466
510
484
473.8
420
510

550
430
483
406
445

462.8
406
550

623
435
494
417
419
477.6
417
623

469
423
NA
471
504
466.75
423
504

503
422

SpCond
(uS/em)
188
41
134
122
87
114.4
41
188

177
35
59

126

100

99.4
35
177

179
61
91

162

205

139.6
61
205

185
54
54

131

102

105.2
54
185

96
64
90
144
168
112.4
64
168

a4
24
NA
62
76

515
24
76

179
58

Sal (ppt)
0.09
0.01
0.06
0.05
NA

0.0525
0.01
0.09

0.08
0
0.02
0.05
NA
0.0375
0
0.08

0.08
0.02
0.03
0.07
NA
0.05
0.02
0.08

0.08
0.01
0.01
0.05
NA
0.0375
0.01
0.08

0.04
0.02
0.03
0.06
NA
0.0375
0.02
0.06

0.01
0
NA
0.02
NA
0.01

0.02

0.08
0.02

TurbSC
(NTU)
64.7
139.2
1218
335
95.3
310.14
335
1218

24.1
49.2
NA
36.9
345
36.175
241
49.2

47.2
423
NA
113
46.5
36.825
113
47.2

18.2
28
59.4
17.8
17.2
28.12
17.2
59.4

2.2
43.2
1199
46.1
40.5

266.2

2.2

1199

21.9
235
NA
82.7
12.2
35.075
12.2
82.7

1314
347

LDO (%
sat)
82.7
53.5
NA
70.4
NA

68.86667
53.5
82.7

84.7
70.4
NA
81.8
68
76.225
68
84.7

84.9
75.7
NA
83.6
79.5
80.925
75.7
84.9

81.5
72.8
NA
74.7
NA
76.33333
72.8
815

84.2
67.3
NA
67.9
NA
73.13333
67.3
84.2

73.9
75.8
NA
16.8
40.5
51.75
16.8
75.8

85
76.4

LDO
(mg/L)
8.32
5.43
NA
7.27
NA
7.006667
5.43
8.32

9.92
7.17
NA
8.44
7.26
8.1975
7.17
9.92

9.51
7.69
NA
9.17
8.42
8.6975
7.69
9.51

8.87
7.31
NA
7.55
NA
7.91
731
8.87

9.23
6.81
NA
6.9
NA
7.646667
6.81
9.23

8.68
7.82
NA
1.83
4.42
5.6875
1.83
8.68

10.11
7.73



PumpStatic
PumpStatic
PumpStatic

Sharkey
Sharkey
Sharkey
Sharkey
Sharkey

ShortMarcl
ShortMarcl
ShortMarcl
ShortMarcl
ShortMarcl

Vestal
Vestal
Vestal
Vestal
Vestal

28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

24-Feb-16 Stream
10-Mar-16 Stream
28-Nov-16 Stream
23-Nov-16 Stream
22-Jan-17 Stream

34.81342
34.81342
34.81342

34.87735
34.87735
34.87735
34.87735
34.87735

34.83819
34.83819
34.83819
34.83819
34.83819

34.82485
34.82485
34.82485
34.82485
34.82485

-92.34218
-92.34218
-92.34218

-92.38705
-92.38705
-92.38705
-92.38705
-92.38705

-92.35514
-92.35514
-92.35514
-92.35514
-92.35514

-92.36754
-92.36754
-92.36754
-92.36754
-92.36754

a

a’

a

a’

storm
storm
storm
verage
min
max

storm
storm
storm
storm
storm
verage
min
max

storm
storm
storm
storm
storm
verage
min
max

storm
storm
storm
storm
storm
verage
min
max

13
2.16
1.13
125
0.58
2.16

1.21
0.72
1.06
1.18
0.94
1.022
0.72
1.21

0.64
0.41
0.92
0.83
0.41
0.642
0.41
0.92

0.72
0.48
0.84
0.95
1.24
0.846
0.48
1.24

0.329
0.402
0.186
0.2134
0.032
0.402

0.114
0.054
0.473
0.206
0.154
0.2002
0.054
0.473

0.062
0.056
0.189
0.142
0.057
0.1012
0.056
0.189

0.094
0.032
0.305
0.194
0.216
0.1682
0.032
0.305

0.73
1.49
0.38
0.652
0.17
1.49

0.61
0.2
0.47
0.66
0.34
0.456
0.2
0.66

0.25
0.09
0.07
0.03
0.08
0.104
0.03
0.25

0.15
0.07
0.3
0.4
0.47
0.278
0.07
0.47

0.198
0.247
0.065
0.1222
0.042
0.247

0.051
0.046
0.123
0.121
0.038
0.0758
0.038
0.123

0.023
0.02
0.085
0.019
0.012
0.0318
0.012
0.085

0.051
0.028
0.131
0.095
0.045
0.07
0.028
0.131

0.04
0.04
0.05
0.066
0.04
0.11

0.19
0.11
0.28
0.05
0.06
0.138
0.05
0.28

0.13
0.09
0.03

0.04
0.058

0.13

0.11
0.11
0.05
0.03
0.13
0.086
0.03
0.13

68.32559
126.2645
141.15119
137.60026
68.32559
176.13

170.94
170.94
66.847653
108.44003
94.499118
122.33336
66.847653
170.94

123.77
123.77
95.301673
144.68821
70.136426
111.53326
70.136426
144.68821

126.33
126.33
54.128637
110.47945
93.767837
102.20718
54.128637
126.33

53.4402045
66.1575666
58.196913
48.5369368
29.95
66.1575666

33.25
38.26
197.547832
35.4723384
10.0859262
62.9232194
10.0859262
197.547832

20.95
23.76
28.3207172
28.7734528
84.0227168
37.1653774
20.95
84.0227168

33.02
36.59
106.957971
47.1071946
26.9505267
50.1251385
26.9505267
106.957971

61.449095
68.646745
67.905705
54.240309
34.94
68.646745

38.26
36.59
219.4255
42.315091
68.890896
81.096297
36.59
219.4255

23.76
34.94
38.798545
38.592066
19.314927
31.081108
19.314927
38.798545

36.59
23.62
119.57181
52.331219
95.422037
65.507013
23.62
119.57181

12.54
19.68
12.94
13.57
7.84
19.68

9.38
14.72
125
14.63
12.65
12.776
9.38
14.72

7.8
13.71
10.44
17.31
12.76

12.404

7.8

17.31

9.31
14.94
12.33
17.51
12.98

13.414

2

17.51

553
6.54
6.31
5.986
4.06
7.49

4.27
7.36
5.96
5.84
5.98
5.882
4.27
7.36

4.13
7.03
5.73
5.79
5.48
5.632
4.13
7.03

6.32
6.78
5.95
6.46
5.92
6.286
5.92
6.78

539
427
422
462.6
422
539

533
423
489
424
448
463.4
423
533

509
435
518
383
481
465.2
383
518

428
429
529
214
419

4438
414
529

70
107
208

124.4

58

208

184
56
68

121

117

109.2
56
184

183
27
106
134
90
108
27
183

122
62
52

118

119

94.6
52

122

0.02
0.04
NA
0.04
0.02
0.08

0.08
0.01
0.02
0.05
NA
0.04
0.01
0.08

0.08

0.04
0.06
NA
0.045

0.08

0.01
0.02
0.01
0.05
NA
0.0225
0.01
0.05

152.1
58.9
115.5
98.52
34.7
152.1

227
136
444
1.8

4.4
111.3
4.4
444

26.5
21.6
130.3
252.2
5.8
87.28
5.8
252.2

32.7
33
249.5
8.7
92.6
833
8.7
249.5

NA NA
99 9.07
NA NA
86.8 8.97
76.4 7.73
99 10.11
77.1 8.83
74.1 7.51
NA NA
72.9 7.41
NA NA
74.7 7.916667
72.9 7.41
77.1 8.83
82.3 9.79
73 7.57
NA NA
100 9.61
NA NA
85.1 8.99
73 7.57
100 9.79
78 8.95
62.9 6.35
NA NA
99.6 9.53
NA NA
80.16667 8.276667

62.9 6.35
99.6 9.53



Appendix D
Possible BMPs
























































































































































































WHITE OAK BAYOU

WATERSHED MANAGEMENT PLAN






